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George Putnam, was presented and accepted the Board Direction 
its meeting held San Francisco, Calif., October 3d, 1922. This report 


follows: 


“The Committee Prizes has examined and considered the various papers 
eligible. These include papers published Volume 
actions and are the papers published Proceedings from August, 1921, May, 
1922, inclusive (together with subsequent discussions yet unpublished), 
with the exception papers Steinman, Am. Soc. E., ‘Loco- 
motive Loadings for Railway Bridges’, William Hall, Am. Soc. 
‘Some Notes the Location and Construction Locks and Movable Dams 
the Ohio River, with Particular Reference Ohio River Dam No. 18’, and 
780-Foot Rock-Fill Dam the Colorado River, Lee Ferry, Arizona’, which 
are not published Volume LXXXV. The Committee begs recom- 
mend awards, follows: 

“The Charles Paul, Am. Soc. E., for Paper No. 
1502, ‘Core Studies the Hydraulic-Fill Dams the Miami Con- 
servancy District’. 

No. 1483, ‘The Arch Under Normal Loads’. 

“The Prize Gustav Lindenthal, Am. Soc. 
E., for Paper No. 1496, ‘The Continuous Truss Bridge over the Ohio 
River Sciotoville, Ohio, the Chesapeake and Ohio Northern 
Railway’. 

“The James Prize Arthur Safford, Am. Soc. E., and 
Edward Pierce Hamilton, Esq., for Paper No. 1503, ‘The American 
Mixed-Flow Turbine and Its Setting’. 

“The only papers Transportation are relatively brief ones contained 
the various Symposiums, and while interest and value the Society, are 
not sufficient scope and dignity worthy the Wellington Prize. 

“The Collingwood Prize for Juniors cannot awarded there paper 
Junior. 

“Your Committee found large number excellent and valuable papers 
and had difficulty deciding between them, owing the variety subjects 
and the impossibility saying with assurance that meritorious paper 
one subject more worthy than meritorious paper another subject. Ques- 
tions also arose interpretation the rules under which the various prizes 
are awarded. brief statement decisions reached here given for the 
possible benefit future committees. 

“The terms the Norman and Croes Medals are apparently intended 
rather strict previous publication. this age, however, nearly 
everything interest published some form organization bulletins 
the technical press previous its appearance more finished shape the 
proceedings technical societies. close study the-working the rules 
the light this fact reveals ambiguities which: permit 
tions. Your Committee has taken the liberal interpretation that the rule was 
intended prevent prior publication practically the paper before 
another society the technical press. 

“Another question was the force the provision the rules the 
Rowland and Laurie Prizes that preference given papers describing 
works construction. The great mass papers not fall under this head; 
for example, the many papers the Symposiums are descriptive 

art and methods rather than descriptive physical works. There are de- 
scriptions also floods and flood problems, compilation flood data, 
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the rule means when. there describing physical works 
shall given the prize preference papers greater excellence which are 
not: descriptive physical works, then many excellent descriptive papers are 
ineligible for any prize. recommending the award the Laurie Prize 
the paper American Mixed-Flow Turbine and Its Setting’, your Com- 
mittee used the broader interpretation that greater excellence other papers 
might overcome the preference for papers describing particular works 
construction. 

“Your Committee notes that the intention the Board Direction 
give more dignity and publicity the award these prizes.* Perhaps, 
addition, would well erfrphasize the notices the specifications 
under which these prizes are awarded the end that more papers may contain 
the data which have been wisely provided for the specifications and which 
find have been too frequently curtailed omitted. evident that 
few any the papers have been prepared with view meeting the speci- 
fications for the prizes, and also matter regret that papers were 
submitted the Society, qualified apparently intended for the Wellington 
and Collingwood Prizes.” 


Fall Meeting the Society, San Francisco, Calif. 


the concluding session the Fall Meeting San Francisco, John 
Freeman, President, Am. Soc. E., pronounced the meeting great suc- 
cess. Many factors contributed this result. The attendance was large, the 
registration reaching 633, and included 133. engineering students, who came 
special invitation, from the Student Chapters the University Cali- 
fornia and Leland Stanford Junior University. The technical program 
“The Water Power Problem” proved interesting and instructive. The excur- 
sions were admirably planned and executed. Throughout the meeting, the 
efforts the Local Committee Arrangements were commended generally 
those who had had the good fortune enjoy this example the cordial hos- 
the San Francisco members. The report the meeting will 


Visits Secretary Local Sections 


connection with the trip and from San Francisco, Calif., Secretary 
Dunlap visited the Local Sections the Society. Stops were made 


Ann Arbor and Detroit, Mich., Chicago, St. Louis, Mo., Kansas 


Mo., Topeka, Kans., Omaha, Nebr., Denver, Colo., Salt Lake City, Utah, Port- 
land, Ore., Seattle and Spokane, Wash., Duluth, St. Paul, and Minneapolis, 
Minn., and Iowa City, Iowa. general, luncheon and dinner meetings were 
held, which the subject under consideration was the work the Society. 
accordance with the policy the Board Direction, the Secretary hopes 
able visit the remaining Sections, time permits. this manner, 
the widely extended activities the Society will brought personally the 
attention the members. should added that the interchange ideas, 
enjoyed this Western trip, proving both helpful and inspiring. 


rules governing the award and also the rules governing the preparation 


papers submitted the Society for publication, see 1922 Year Book, pp. and 37, 
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Meetings Special Committees 


The attention members called the Minutes Meetings the Spe- 
cial Committee Bridge Design and Construction, the Special Committee 
Codify Recent Practice the Bearing Value Soils for Foundations, 
and the Special Committee Irrigation Hydraulics, pages 716, 
inclusive, this number Proceedings. 


Memorial Fund Henry Bazin 


Under the sponsorship Allen Hazen, Am. Soc. E., about fifty 
American engineers have made substantial contribution the work the 
French Committee charge securing for memorial the late 
Henry Bazin, the illustrious hydraulic engineer. The work the memorial 
was necessarily postponed until after the World War. The Committee was 
then enlarged, and subscriptions were received from other countries. The 
French Committee has prepared this event, 
copies which have been distributed among the American subscribers. 
replica this medal has been placed the Reading Room the Society. 


French Exchange Professor Begins Work United States 


The international movement teachers has steadily gained proportions 
and significance during the last fifty years. 

definite and permanent organization internatiopal exchange pro- 
fessors began 1897 with the gift the Cercle Frangaise 
Harvard University endow annual lectureship Cambridge filled 
distinguished French scholars and publicists. 

Emanuel Margerie, the University Strasbourg, Ex- 
change Professor Applied Science and Engineering, has arrived the 
United States take his work for the academic year 1922-23 seven 
the leading schools. 

Professor Margerie once began Columbia University, where 
lecturing Applied Geology, especially applied Topography. 

will also appear Harvard, Cornell, Johns Hopkins, Yale, Massachusetts 
Institute Technology, and the University Pennsylvania. The American 
Exchange Professor under this arrangement Dean John Frazer, the 
University Pennsylvania, who has already begun his task France. 

Professor Margerie, who succeeds Professor Jacques Cavalier, has won 
distinction teacher and author and the public service. His name has 
become most widely known through his French translation Eduard Suess’ 
masterpiece, der Erde.” 

conjunction with Professor Albert Reim, Zurich, published, 

1888, treatise “Dislocations the Earth’s Crust”, fixing the nomenclature 
Structural Geology French, English, and German; and, the same 
with General Noe, the Geographic Service the French Army, 
published one the first systematic accounts land forms. 
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His “Catalogue Geology Bibliographies”, printed 1896 for the Interna- 
tional Congress Geologists, was another important contribution 
literature earth sciences. During the World War, Secretary the 
Section the Committee appointed Paris study the problems 
frontier adjustment, Professor Margerie prepared series maps and 
special report the Sarre coalfield. His latest work, the first volume 
which has just been published, monograph the structural geology the 
Jura Mountains France and Switzerland, written under the auspices the 
French Geological Survey. 

Professor Margerie Director the Geological Survey Alsace and 
Lorraine and Chief Geologist the Geological Survey France, besides 
holding many other posts honor, such Vice-President the French 
National Council and the Comité des Travaux Historiques 
Scientifiques the Department Education; member the French Institute 
Anthropology and Associate Editor the Annales Geographie, mem- 
ber the Institut d’Histoire, Geographie, and d’Economie Urbaines 
Ville Paris; Doctor Science the University Lausanne; and 
Correspondent, Geological Society America. Other distinctions include 
Honorary Member and Cullum Medallist the American Geographical 
Foreign Member and Lyell Medallist the Geographical Society 
London; Past-President and Prestwich Medallist the Geographical Society 
France; Past-President and Malte-Brun Medallist the Geographical 
Society Paris; and General Secretary the International Conference the 
Map the World. 


Election Director Engineering Foundation Announced 


Alfred Flinn, Am. Soc. E., was elected Director Engineering 
Foundation, meeting the Engineering Foundation Board, September 
14th, Flinn the first incumbent the new office which was created 
meet the expanding activities the Foundation. 

will retire Chairman the Engineering Division National Re- 
search Council, position which has held since October, 1921, but will 
continue Secretary the United Engineering Society, order that the 
Foundation may continue intimate relations with the Founder Societies. Mr. 


Flinn has been Secretary that Society and the Foundation since January, 
1918. 
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REPORT CHARLES WARREN HUNT, SECRETARY EMERITUS, 

SPECIAL DELEGATE THE SEVENTY-FIFTH ANNIVERSARY THE 
KONINKLIJK INSTITUUT VAN INGENIEURS, 

THE HAGUE, HOLLAND, THE BOARD DIRECTION* 


1922. 


Sirs.—Confirming cable message received July 31st, 1922, the 
Society, received the following under date July 28th, 1922: 


Sir, 

“We have the honor inform you that the General Meeting this 
Institute, proposal the Council, resolution July 28th, 1922, 
conferred upon you the honorary membership the INsTITUUT 
VAN INGENIEURS, the occasion the 75th anniversary its foundation, the 
celebration which will take place September 8th, 1922. 

“We have the pleasure invite you favor with your presence the 
General Meeting, which will held The Hague, that day 
that you may personally receive the diploma from the hand the 
president, 

“In awarding this distinction you, the highest which our Institution 
can grant, wish give you also proof our gratitude for the kindness 
which you, secretary The American Society Civil Engineers, have 
always been ready bestow upon our Institute and its members. 

“We express our hope, that your honorable Society will able repre- 
sented our celebration delegate. 


“general secretary.” 


President Freeman did the honor appoint represent the Society 
its official delegate this celebration, and now beg leave report.. 

sailed August 19th, reached Rotterdam twelve days later, and arrived 
The Hague, September 1st, one week advance the date the 
celebration. 

While was quite ill during much stay The Hague, and was 
forced refuse many kind invitations visit engineering works, had 
opportunity renew acquaintance with Mr. Van Sandick, Secretary, 
and with number other Dutch Engineers whom had known years past, 
and whom had been fortunate enough able help the accomplish- 
ment the objects their visits America, and also meet many prominent 
representatives other countries, including all those mentioned later this 
report, nuinber whom were old acquaintances, notably Mr. von 
Emperger, from whom since return have received delightful letter 
which refers his visit America years ago, when wrote 
papers and several discussions which were published the Society, and says: 
“In fact always looking upon you teacher Technical English”. 

report here published for the information the membership, order 


the Committee Technical Activities and Publications, prior its presentation the 
Board Direction, which will not meet until January 15th, 1923, 


. 
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Among other things, had the pleasure attending the Annual Meeting 
the Delftsche Ingenieurs, composed graduates the University, held 
the very interesting city Leiden, and everywhere met with 
expressions appreciation the help given Dutch Engineers through the 
American Society Civil Engineers, and the action the Society 
sending representative attend the ceremonies the 75th birthday 
the Institute. 

The celebration took place September 8th, and, may permitted 
refer entirely personal matter, this was also the 39th Anniversary 
wedding, and, Mrs. Hunt was with me, the celebration 
tional interest us. 

First there was tendered the President and Officers 
the Institute the Official Delegates and whom Honorary Mem- 
bership was presented. 

This was followed general meeting held the large theatre 
the Koninklijk Zoologisch- Botansche Genootschap, which President Evarts 
made formal address and presented the diploma Honorary Membership 
number engineers, among whom were Charles Maistre, Secretary, 
British Standards Committee, von Emperger, Delegate the Austrian 
Engineers and Architects, and Gen. Snijders, who commanded the Army 
the Queen during the World War. 

There were also present Delegates, Barthelemy, des 
Ingénieurs Civils France; Dellies, Société Belge des Ingénieurs des 
Industriels; Van der Willigen, American Society Mechanical Engi- 
neers; Th. Bakker, American Institute Electrical Fraser 
Smith, North East Coast Institution Engineers and Shipbuilders; 
Dana, Institution Naval Architects; Hunter, The Institution 
Engineers Meyer, Verein Deutscher Ingenieure und Architecten 
Verein; and many other delegates from Netherlands Scientific and Industrial 
Associations. 

presenting your representative with the diploma Honorary 
ship, President. Evarts, speaking English, said: 

want address few words our friends from The 
great war, destroying the direct steamship communication and imtercourse 
especially between the Netherlands and their colony Netherlands-India, sub- 
stituted another temporary route, with the United States America 
inter-medium. that time, when traveling from India Holland and vice 
versa, our members always met with kind reception and aid 
from the secretaries the great Engineering Societies abroad. the 
normal navigation, which handicapped very severély, 
has had one fortunate consequence, the growing collegial relations between 
our Institute and the American sister-societies. 

“Mr. On. Warren Hunt: You retired from the function 
retary the Society Civil Engineers, and, after years 
active service, you Secretary-Emeritus. already. years ago 
that delegated our general America make the personal 


Civil Engineers ‘is the oldest and the most important. reported how 
much you did for him: ‘Since then you must have spent great deal time 
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helping Netherland engineers, who came you introduction 
our council, which serves certify that they are engineers and members 
good standing. you have crossed the Atlantic with the double 
object receiving personally the certificate Honorary Membership and 
representing your honorable society the ceremony to-day. thank 
you with all heart for the pains you have taken. 

“We trust that you will consider the honorary membership real 
distinction.” 

After the address the President and the Honorary 
Memberships, the meeting continued with historical address Secretary 
Van Sandick, with lantern slide accompaniment, showing the growth the 
Tnstitute. The whole party then was entertained luncheon, and, 
the meeting was resumed and two papers, both relating affairs and engineer- 
ing work Dutch East India, were presented. 

five o’clock the afternoon, reception was held the House 
the Institute and here the President made address the members. The 
house which has been newly acquired the Institute was inspected, and 
all the members seem very proud the new quarters. 

The concluding ceremony was formal banquet the evening, which 
your representative was very pleasantly and honorably placed between one 
the representatives the Queen, Van Minister Agri- 
culture, and the Mayor The Hague. 

Many speeches were made, and was called upon the 
American 

sure the Board will understand not easy matter speak 
banquet this kind, where everybody speaks language that entirely 
unfamiliar, and while almost all the engineers present understand English 
somewhat, they not always catch the exact. meaning. 

quote from the official organ the Institute, received since. return, 
the first paragraph what was understood have said, follows: 

“Speaker whom the certificate Honorary Member was handed to-day 
President, expresses his thanks for the distinction, his own name 
and particular the name the American Society Civil 
which was Secretary for years and which sent him special mission 
represent these exercises and tell the Institute how 
much appreciates the great honor bestowed this appointment. The 
American Society Civil Engineers has great esteem for this Institute, not 
only the important scientific work done the Institute and its 
members, but considers itself its younger brother. now 
old, while the Am. Soe. will only years old November.” 
This literal translation that paragraph. 

The report goes say that the speaker gave interesting summary 
the growth the American Society Civil Engineers and the three 
other great Engineering Societies the United States; described how they 
were endeavoring co-ordinate and what they had accomplished far, 
especially calling attention the fact that they are joint owners the 
Engineering Building. also described other efforts co-operation and 
Engineering Society, the Chairman the Engineering Foundation, and the 
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Chairman Division Engineering the National Research Council; 
that the pointed out engineers were essential 
the development the Profession and the maintenance high standards; 
and through their publications and meetings, well international con- 
gresses held: under their auspices, exercised not only great influence 
locally, but also internationally. 

pointed out that, inasmuch the work the engineer the present 
more less along special lines, and the tendency naturally 
Holland, that there should Central National Society where all engineers 
may meet common basis practitioners that great constructive pro- 
fession, the proper development which essential the progress 
civilization. 

This banquet concluded most interesting and delightful celebration, and 
one which, the opinion your representative, will have lasting effect 
cementing the relations which exist between the scientific and pro- 
fessional associations all countries. 

satisfied, therefore, that decision make the long journey for the 
purpose being present that occasion, notwithstanding poor health 
and other deterrent reasons, was justified the results accomplished. 


Respectfully submitted, 
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REPORT THE PROPOSED BENEVOLENT FUND, 
TOGETHER WITH ARGUMENTS OPPOSITION 
DIRECTOR CHESTER 


its meeting October 2d, 1922, the Board Direction instructed the 
Secretary Proceedings the Report the Committee the Board 
Direction Investigate and Report Regard the Desirability 
ing Benevolent Fund, together with argunients against the creation such 
fund Director Chester. 

The Board Direction will welcome the opinion members and Local 
Sections regard the recommendations this report. 


Report Committee* 


Marcu 1922. 


American Society ENGINEERS, 
New York, 


GENTLEMEN.—The Committee appointed investigate the establishment 
Benevolent Fund connection with the Society would submit the follow- 
ing report: 

The Committee opinion that such Fund, maintained volun- 
tary subscriptions from the members and managed apart from, but co-oper- 
ation with, the Society itself, should now established. Its primary object 
would extend financial assistance, emergency, worthy and necessitous 
members, disabled sickness, accident, other causes. secondary, but 
equally desirable, object would render such assistance the families 
deceased members. 

The most casual observation must convincing the need such fund; 
few members the Society can fail have had their attention directed 
conditions experienced Society Members, which trifling assistance, timely 
afforded, could have ameliorated averted. Individual generosity may and 
does afford much relief, but that can well reinforced, not substituted, 
organized co-operation, designed meet sudden emergency prompt and 
effective action. 

clearly recognized that careful discrimination must exercised 
the allocation assistance rendered and that the management must en- 
trusted men who possess the judicial well the sympathetic tempera- 
and who can devote time and patience exacting though worthy 
task. 

The Committee the opinion that such Benevolent Fund should 
National scope and operated central organization through the various 
Local Sections. With that fundamental conception, draft Constitution 
such organization herewith submitted. That draft has been modeled upon 
the form similar foreign organization, modified fit the probable con- 
ditions. 

Alternatively, much relief may secured through systematic efforts, con- 
ducted the various Local Sections. may well that the initiation 
such fund should confined the Local Sections, stimulated thereto 
the recommendation ‘and endorsement the Board Direction, the funda- 
mental principles the movement. 


The members this Committee are George Anderson, Chairman, Gcorge 
Clark, and Robert Cummings. 
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The Committee respectfully submits these suggestions and opinions, ten- 
tatively, recognizing the need their elaboration and improvement, the 


hope that they may favorably considered and, finally, incorporated 
working plan. 


Draft Constitution 


The Benevolent Fund the 
American Society Civil Engineers 


Rules 


NAME 


1.—This Institution shall called “The Benevolent Fund the American 
Society Civil Engineers”. 


OBJECT 


2.—The object the Benevolent Fund afford assistance necessitous 
Members, Associate Members, and Affiliates the American Society Civil 
Engineers, and their families, and the families deceased Members, Asso- 
ciate Members and Affiliates the American Societ¥ Civil Engineers. Also, 
any one who may have been Member, Associate Member, Affiliate 
the American Society Civil Engineers, and have paid his subscriptions for 
five years consecutively, least, the family any such person. 


AND INCOME 


3.—The Fund shall supported means Donations and Bequests, and 
donations and bequests received, promised, prior 
the the Trustees the Benevolent Fund the American Society 
funds invested shall withdrawn Capital, except resolution 
authorizing such withdrawal passed General Meeting the contributors 
especially convened for the purpose. 
unless otherwise directed the Donors, available for affording assist- 
ance the persons eligible receive such assistance, subject the limitation 
contained Rule 
annual subscriptions, and all dividends and interest arising from 
capital, shall considered income, and shall applicable the payment 
grants and the assistance applicants, and the payment necessary 
charges and expenses. 
accumulations income, unexpected donations, and bequests (if 
any), which may arise from year year, after payment all the grants and 
other charges and liabilities the fund, may, the discretion the Commit- 
tee Management, invested. 
Committee Management may annually apply assistance 
sum not exceeding the income that year, defined Rule and shall 
competent for the contributors any General Meeting authorize the 
application larger sum. 


9.—The following contributors the Fund shall entitled vote all 
General Meetings, viz.: 


‘ 
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Annual subscribers than Five Dollars ($5.00), who shall have 
one vote for every Five Dollars ($5.00) subscribed, and Donors not less 
than Fifty Dollars ($50.00) one payment who shall have one vote for every 
Fifty Dollars ($50.00) given. 

may recorded personally proxy upon all questions, 
except the election the Committee Management; and for such election 
they may recorded delivery the Secretary list issued the Com- 
mittee, under Rule 13, after erasure substitution, the voter, names 
thereon, accordance with the conditions Rule 

subscriptions shall payable advance the Janu- 
ary each year, and subscriber whose subscription arrears shall 
entitled any privileges voting otherwise. 


CoMMITTEE MANAGEMENT—CONSTITUTION, AND 


conducting the affairs the Fund there shall committee, 
called the “Committee consisting sixteen (16) mem- 
bers, and composed follows: The President, for the time being the Ameri- 
can Society Civil Engineers, and one contributor the Fund from each 
District the American Society Civil Engineers, and five whom shall 
members the Direction the American Civil Engi- 
neers. These fifteen members shall elected the contributors the 
Annual General Meeting, and five shall not eligible for re-election until the 
expiration one year. member the Committee shall serve for more than 
three years consecutively, and the Committee shall determine lot, when 
necessary, which five members shall ineligible. 

13.—The Committee shall prepare, and shall cause issued the con- 
tributors the Fund, least one month before each Annual General Meet- 
ing, paper containing list persons eligible serve the Committee 
for the ensuing year, and stating the names the five members the Com- 
mittee who are ineligible for re-election. This list shall contain the names 
contributors the Fund, being also either Members, Associate Members, 
Affiliates the American Society Civil Engineers, and such list shall 
the list for the election the Committee. 

the Annual Election, every contributor may erase any name 
names from the list, and may substitute the name names any other per- 
son persons eligible serve the Committee; but the number names 
the list after such erasure substitution, must not exceed fifteen, including 
five members the Board Direction the American Society Civil Engi- 
neers, nor shall contain the names the five members, any them, 
who are ineligible. Those lists which not accord with these directions shall 
rejected the Tellers. 

President the American Society Civil Engineers shall the 
Chairman Committee Management, and, his absence, the members 
present shall choose Chairman from among themselves. Five members 
the Committee shall quorum, and majority the quorum may. make 


grants and all acts within the powers the Committee Management. 


the event the death, resignation, inability act, any 
the Committee Management, the Committee shall elect another member 
supply the vacancy until the next Annual General Meeting. 

Committee Management shall have full power make grants 
and afford assistance any necessitous Members, Associate Members, 
Affiliates the American Society Civil Engineers, their families, 
the families any deceased Member, Associate Member, Affiliate 
the American Society Civil Engineers; also any one who may have been 
Member, Associate Member, Affiliate the American Society Civil 
Engineers, and have paid his subscriptions for five years consecutively least, 
the family any such person, whether such recipient shall shall 
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have been contributor the Fund not; and the fact having been 
contributor the Fund shall not any constitute claim partici- 
pate it. 

the exercise the powers above mentioned, the Committee Manage- 
ment will co-operate with and secure the counsel the Boards Direction 
the Local Sections the American Society Civil Engineers the vari- 
ous Districts, and, for the purpose affording immediate relief 
urgent necessity, may apportion the annual income among the various Dis- 
tricts, making such grant the Member the Committee Management 
and the Board the Local Section may award, subject the approval and 
confirmation the Committee Management its next regular meeting. 

Committee Management may, for the conduct the affairs 
the Fund, from time time, make such regulations are not inconsistent 
with these Rules, they shall deem expedient. 

Committee Management shall have the appointment and re- 
moval all such officers and employees connected with the Fund they may 
from time time think necessary, and may from time time fix the remu- 
neration paid to, and the services performed by, such officers and 
employees, respectively. 

method application for grants and assistance, and the nature 
the recommendations required support thereof, the qualifications 
and merits the applicants, the amounts the grants individual cases, 
and also the purposes which such grants shall applied, and the advisability 
their renewal, shall every case determined the Committee Man- 
agement. All emergency grants must confirmed the first meeting the 
Committee after they have been made. 

Committee Management shall have power make investments 
the names the Trustees; sign all checks for grants, and for all other 
payments and disbursements—such checks signed the Chairman and 
one other member the Committee present the meeting which such 
grants shall confirmed, payments and disbursements ordered, respectively 
and give receipts for all moneys, delegate this power from time time 
such person, persons, they may think fit. 

Committee Management shall not make any pay- 
ments which the donations, bequests, income future years shall 
anticipated appropriated. 


MEETINGS 


General Meeting the contributors Fund shall held 
annually during the month January, the time the Annual Meeting 
the American Society Civil Engineers, and such General Meeting 
report the Committee Management shall presented, containing the 
names the contributors the Fund, statement the number and 
amounts all the grants made and assistance afforded during the preceding 
year, and inclusive the 31st day December, and the general 
state the Fund the last named day, but shall not necessary pub- 
lish the names the applicants for, and the recipients of, the assistance 
afforded the Fund; the accounts shall produced, with the report the 
Auditors thereon; two Auditors shall elected; and the Committee Man- 
agement shall appointed accordance with Rules 12, 13, and 14. 

General Meetings may called the Committee Man- 
agement, and whenever the Chairman that Committee shall requested 
so, writing, Twenty Contributors the Fund, which request shall 
specified the object for which the meeting desired called; but 
business shall transacted such meeting, any thereof, 
other than that specified the requisition. 
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presence least ten contributors the Fund shall neces- 
sary for the transaction business any General Meeting, and that num- 
ber not present within half hour after the time appointed, the con- 
tributors present may adjourn the meeting. 

26.—Any General Meeting may adjourn, necessary, any day not more 
than thirty days from the day the original meeting. 

27.—At every meeting, the President the American Society Civil 
Engineers, for the time being, shall take the chair, and, his absence, 
Chairman shall chosen from among the contributors present. 

General Meetings shall called notice sent the contributors 
the Fund least one month before the day any such meeting; and 
all such notice shall state the special and current business trans- 
acte 

29.— All questions introduced any General Meeting shall decided 
the votes recorded accordance with Rule 10, and should the votes equal, 
the Chairman shall give second casting vote. Provided always, that 
motion for altering the objects the Fund, for diverting any portion 
the funds from the purposes herein specified, adopted, unless General 
Meeting summoned for the sole object discussing such motion, and unless 
the same carried majority least two-thirds the votes given 
such meeting and also confirmed like majority the votes cast 
letter-ballot sent all the contributors the Fund, canvassed not later than 
sixty days after the Meeting. 


AUDITORS 


30.—At the Annual General Meeting, two auditors shall elected act 
for the ensuing year, and they shall meet fourteen (14) days least, prior 
the next Annual General Meeting, and often necessary, audit the 
the Fund, and they shall examine the accounts and the books, in- 
quire into the state the property and finances the Fund, and report 
thereon to-the Annual General Meeting. 

31.—The term the Auditors shall expire the Annual General Meeting 
next after their election, but the Auditor last appointed shall eligible for 
re-election. 

person shall the same time Auditor and Trustee, 
Auditor and Member the Committee Management. 


BANKERS 


33.—The Banking Account the Fund shall kept bank New York 
City, approved the Committee. 


TRUSTEES 


Trustees shall appointed the first Annual Meet- 
ing, whose names shall invested all the property the Fund, except such 
shall from time time the hands the Committee. When any 
the purpose, within one month after such vacancy shall occur, and the remain- 
ing Trustees shall immediately transfer all property and funds into the names 
“themselves and the new Trustee. 

The appointment any Trustee may revoked General Meeting, and 
new Trustee appointed fill the 

35.—The Trustees for the time being shall execute Trust 
the property standing their names belonging the Fund. 

the said Trustees shall chargeable only for such moneys, 
funds, and securities shall actually receive, and shall answerable and 
accountable only for his own acts, receipts, neglects, defaults, and not for 
those the other Trustees, nor for any Banker, Broker, other person 
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whom trust moneys securities may deposited, nor for the insufficiency 
deficiency the said moneys, funds, securities, nor for any other loss, unless 
the same shall happen through his own wilful neglect default. 

Trustees shall from time time pay the dividends, interest, 
and annual income arising from the property belonging the Fund, to, 


permit the same received by, the Committee Management for the 
time being. 


38.—Any new Rules may made, and any the foregoing Rules may 
altered, amended revoked General Meeting, provided the nature and 
effect the proposed new Rules alteration, amendment, repeal dis- 
specified the notice calling the meeting, and that the enactment, 
two-thirds those present, voting proxy, such meetings. 


Arguments Opposition the Establishment Benevolent Fund 
John Chester, Director, Am. Soc. 


Some the arguments against the American Society Civil Engineers 
establishing Benevolent Fund, are, follows: 


(1) The idea seems have originated England where, after the war, 
there was dearth employment fields, and due, think, largely 
persistency the Englishman adhering his and being dis- 
inclined consider other means livelihood, there appears have been 
this time calls for financial assistance from young Engineers. 

This situation could further charged England’s being over-populated 
and its natural resources fully developed, which cannot the case America 
for many years yet come. 

(2) have practiced for years, during which time have 
never come contact with member the American Society who would admit 
being such dire straits apply for benevolent aid. was once encoun- 
tered alleged Engineer whom contributed the sum asked, but after 
investigation proved him fraud and never Engineer. 

(3) have met many young men, some college graduates, 
who earned but meager compensation considering their years experience, 
and these advice, when asked, has been that believed they would ‘have 
done better craftsmen and advised those whom did not believe too old 
‘enter that field. 

(4) The American Society Civil Engineers forswears any responsibility 
for opinions product any its members, and once admitted the 
Society seems extremely loath take any adverse action regards member’s 
misbehavior; then why should assume responsibility for his physical well- 
being, when has side-stepped his mental and moral aspect 

(5) The American Society Civil Engineers not employer and 
has responsibility concerning its members’ ability earn livelihood. 

(6) There exists member but whom open many avenues through 
which aid can procured when needed, for there scarcely city county 
the Union where the inhabitants are not taxed for such purposes. There 
not church active the United States but has its charitable organization. 
Every fraternal order has its charity, and, lastly, there member but that 
through some insurance company, can make certain all times living 
income. 


For the above reasons, urge that the Society table indefinitely the matter 
establishing Benevolent Fund. 
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SKETCH CANDIDATE FOR OFFICE 
FILLED THE ANNUAL ELECTION, 
JANUARY 17th, 1923 


Theodore Lincoln Condron* 
(Candidate for Director, District No. 


Born April 16, 1866, Washington, (Rose Polytechnic 
(in E.), 1890; 1894; E., 1918)—1890-91 Asst. Engr. under the 
late George Morison, Past-President, Am. Soc. E., Engr. re- 
bridge over Mississippi River Burlington, Iowa, for the 
Chicago, Burlington Quincy R.: 1891-92 Draftsman and Computer 
1892-94 Instructor, Washington Univ., St. Louis, Mo.: 1894-1901 Res. Engr. 
Chicago, for Pittsburgh Testing Laboratory, mill and 
shop inspection Chicago Dist.: 1901 date, private practice Bridge 
and Structural Engr. Chicago: associated with Sinks, Am. Soc. 
Condron Sinks, and, later, associated with Chester Post, Am. 
E., and John Musham, Am. E., Pres., Condron Co., 
Cons. Engrs., engaged designing and superintending construction numer- 
ous railroad and highway bridges, industrial buildings structural steel and 
reinforced concrete, for Mobile Ohio R.R., Missouri, Kansas Texas Ry., 
Eastern Illinois R.R., Western Elec. Co., Wagner Elec. Co., 
General Elec. Co., Baldwin. Locomotive Works, Sears-Roebuck Co., Inter- 
national Register Co., Thomas Edison, Inc., Navy Dept., Bureau 
Yards and Docks, South Park Commrs. Chicago, and others; was 
appointed Engineering Council 1918 Chairman Committee 
License Registration Engrs.; present Member the Structural 
Comm. the State Illinois (Dept. Registration and Educa- 


tion). 


was appointed the Board its meeting October 24, 
1922, fill the vacancy caused the death Baldwin, Am. Soc. E., and, there- 
fore, this biographical sketch could not prepared time appear with the biographies 
the Official Nominees the October, 1922, Proceedings. 
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LOCAL SECTIONS* 


Meeting the San Francisco Section 


The regular bi-monthly meeting the San Francisco Section was called 
order the Engineers’ Club August 15th, 1922; President Thomas 
Means the chair; Parsons acting Secretary; and present, also, 
members and guests. 

Correspondence was presented from the Secretary the Society announc- 
ing the shipment set which are placed the Library 
the Engineers’ Club; from the Secretary Governor Stephens acknowledg- 
ing the receipt letter from the Section regarding the filling vacancy 
the Railroad Commission; and from the Duluth Section proposing that the 
Society constitute Committee Maps and Mapping with special reference 
Map Scales. 

For the Committee Arrangements for the Fall Meeting the 
Society, Mr. Tibbetts reported progress. 

behalf the Excursion Committee, Mr. Binkley reported that 
about 100 members the Section and their guests had accepted the hospitality 
the San Francisco-Oakland Terminal Railways August 12th, 
inspect the proposed Joint Ferry Terminal. connection with this excur- 
motion, duly seconded, the following resolution was adopted unani- 

“The San Francisco Section the American Society Civil Engineers, 
through the courtesy the San Francisco-Oakland Terminal Railway Co. was 
afforded the opportunity August 12th,to Yerba Buena Island. 
Explanations were made Mr. Boggs, Consulting Engineer, and also 
other representatives the Company, the proposed extension the Key 
Route line the Island with the establishment terminal land. 
filled the north, and sheltered basin between the Island and this filled-in 
area. 

“The members this Section who participated this visit inspection 
are keenly. appreciative the opportunity thus become acquainted 
not alone with project which seems provide timely improve- 
ment trans-bay transportation facilities, but also with part San Fran- 
cisco visited but few her population. 

“Resolved, Therefore, That this Section hereby extends thanks the Ter- 
minal Railway Co. for its courtesies, which included steamboat transportation 
luncheon, and those who contributed toward making the visit 
the Island pleasurable and instructive.’ 

For the Committee.on Standard Form Contract, Mr. Thurston 
presented report the proposed Standard Form Contract suggested 
National Construction Conference. motion, duly seconded, was 
decided consider this report special meeting the Section called 
President Means. 

The address the evening was delivered Mr. Fleager, Plant Engi- 
neer for the Pacific Telegraph and Telephone Company, whose subject was “The 
Telephone Business To-day”. the course his address, Mr. Fleager 
gave brief history the telephone described the various types 


For List Local Sections, Officers, etc., see 1922 Year Book, 41, and 
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instruments, cables, used, the improvement long-distance operation, the 


advantages the automatic telephone, Moving pictures showing the 


manufacture cable and telephone apparatus one the plants the 
Western Electric Company were also shown. 


Meetings the Cleveland Section 


meeting the Cleveland Section was called order 12:15 M., 
the Hotel Winton, September 13th, 1922; President Ruggles the 
George Tinker, Secretary; and present, also, members. 

Mr. Thomas presented verbal report relative the activity the 
Sewage Disposal Committee. 


meeting’ the Section was called order 12:15 the Hotel 
Winton, October 11th, 1922; Pease the chair; 
George Tinker, Secretary; and present, also, members. 

The minutes the meeting September 13th, 1922, were read and ap- 
proved. 

The Secretary presented communication ‘from Gardner Williams, 
Am. Soc. E., together with resolution adopted the Detroit Section 
relative the Engineering Societies Service Bureau. motion, duly. sec- 
onded, the resolution was ordered filed, and the Secretary was instructed 
arrange for the weekly bulletin positions open posted the bulletin 


board the Cleveland Engineering Society. 

The minutes the meetings the Associated Technical Societies 
August 17th and September 27th, 1922, were read. 

resolution adopted the Duluth Section relative to. Maps 
Seales was presented Secretary Tinker, which resolution, motion, duly 
seconded, was endorsed the Section, and the Board Directors was re- 
quested appoint Committee Maps and Mapping including the subject 


Map Scales. 


Special Meeting the Colorado Section 


special meeting the Colorado Section was held the Hotel, 
September 26th, 1922; President Thomas Olds the 
‘chair; Lyman Bishop acting. Secretary; and present, 
and guests. 

the previous meeting were read and approved, and the 
report the Auditing Committee for 1921 was also read and approved. 

Mr. John Dunlap, Secretary the Society, whose honor this special 
meeting had been called, was introduced President Olds, and reviewed 
briefly. the work the Local Sections and the Society generally. 

President Olds introduced Mr. Frank Winsor, Chief Engineer the 
Board Water Supply, Providence, I., who the work being 
done the Séction that city: 
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Mr. Arthur Ridgway, Chairman the Local Committee Re-Dis- 
tricting, presented progress report the work done this Committee and 
asked that the Committee continued make final report. Inasmuch 
Mr. Ridgway had been appointed the President during the summer months, 
without authority from the Section, the President was authorized, motion, 
duly seconded, appoint committee study and report, the next meet- 
ing the Section, the re-districting problem. President Olds subsequently 
appointed Messrs. Ridgway and Reedy such committee. 

the request Mr. Curtis, Secretary Dunlap presented, 
brief address, his ideas the proper function Local Section. 

President Olds outlined the program the Section for the coming year, 
discussing some the subjects which might desirable and requesting that 
other members offer suggestions along the same lines. 

motion, duly seconded, vote thanks was offered Secretary Dunlap 
for his interesting talk. 


Meeting the Duluth Section 


regular meeting the Duluth Section was called order October 
mann, Secretary; and present, also, members and guests. 

The minutes the meeting September 18th, 1922, were read and ap- 
proved. 

President Hoyt announced that Messrs. Crago, Erickson, Greer, and Hunt- 

ington had been notified their election membership the Society. 

Secretary Dunlap the Society, guest the meeting, pre- 
sented very interesting review the activities the Society and the develop- 
ment Engineers’ world, during which pointed out the obligation 
the engineer participate the activities mankind the broadest way. 

Executive Secretary Wallace, the Federated American Engineer- 
ing Societies, addressed the meeting the subject “Future the Engineer 
and the Federated American Engineering Societies.” 


Meeting the Kansas City (Mo.). Section 


regular meeting the Kansas City Section was held September 22d, 
1922, the University Club; President John Hanna the chair; Henry 
Tammen, Secretary; and present, also, members and guest. 

The meeting was preceded dinner which Mr..John Dunlap, Sec- 
retary the Society, was the guest honor. 

Brief addresses outlining the work the local enginéering associations and 
their relations each other were made Messrs. John Lyle Harrington and 
Arthur the course these talks, particular attention was 
called the Kansas City Engineers’ Club and the acceptance this organiza- 
tion members the Sectién and other local ‘organizations the medium 
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Secretary Dunlap then addressed the meeting the activities the So- 
ciety. The address was followed questions and general discussion which 
was participated nearly all members present. 


Meeting the Los Angeles Section 


the Los Angeles Section was held the City Club, Septem- 
ber 18th, 1922; President Reed the chair; Dessery, Secretary 
and present, also, members and guests. 

motion, duly seconded, the following resolution was unanimously 
adopted 

has pleased the Almighty God remove our midst our 
distinguished and beloved brother engineer and friend, Archie Lee Harris, and 

“Whereas, realize that his death the American Society Civil Engi- 
neers has lost able and valued member, and 

“Whereas, the Los Angeles Section, American Society Civil Engineers, 
especially suffers from this loss, 

“Now, Therefore, Resolved, that the Los Angeles Section, American 
Society Civil Engineers, hereby expresses its sense great loss, and extends 
its deepest and most heartfelt sympathy the bereaved family, and 

‘Be Further Resolved, that these resolutions spread upon the records 
the Section, and copy thereof sent the family the deceased.” 


President Reed announced the details the progam for the Fall Meeting 
the Society held San Francisco, Calif., October 9th, 1922, and 
requested large attendance behalf the Section. 

Arthur Bent addressed the meeting the subject “Co-operation 
Between Engineers and Contractors”. Mr. Bent emphasized the fact that the 
contact between the engineer and the contractor should one mutual con- 
fidence and co-operation, which made difficult the usual form contract. 
Those engineers who realize this will the efforts the Society, the 
Association General Contractors, the American Institute Architects, the 
American Railway Engineering Association, and Highway Engineers, 
develop fair type contract. also the work the Association 
General Contractors bringing the construction industry the high posi- 
tion public confidence that its importance merits and, closing, stated that 
co-operation must rest fair contract and mutual confidence between 
contractors and 

The subject was also discussed President Reed, Messrs. Miller, 
Rowe, Allen, Halsey, and Secretary Dessery. 


Meeting the New York Section 


meeting the New York Section was called order the Engineering 
Societies Building October 18th, 1922; President Vipond Davies the 
chair; Harold Lewis, Secretary; and present, also, about 210 members and 
guests. 

personnel the Standing Committees for the coming year was an- 
nounced, and President Davies outlined the program being arranged Mr. 
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Allen Hazen, Chairman the Program Committee. planned have 
several subjects relating the professional and personal relations the 
engineer, and hoped have Governor Morrow the Panama Canal Zone 
speak the Canal one meeting. The Membership Committee, under 
Mr. George Lucas, campaign which hoped decrease 
the disparity between the number members the Society who are eligible 
for membership the Section and those who actually become members. 
Secretary Lewis presented letter received April, 1922, from the Acting 
Secretary the Society reference campaign for increased membership 
the Society, but action was taken, the letter had been answered the 


previous Board Directors. 


President Davies stated that had had some correspondence the pro- 
posed Charter Revision for the City New York, but that nothing could 
done this connection until the type charter was definitely determined. 

Antoine, Strasbourg, Engineer the French Government, described 
the contemplated improvement the Rhine and the Grand Canal d’Alsace, 
from Basle Strasbourg. The address was illustrated lantern slides show- 
ing existing harbors the Rhine and the details the proposed improve- 
ments. 

The subject the evening Engineering” was opened Mr. 
French, who presented for discussion the following resolution which 
was formulated the Sub-Section Design, which had held three meetings 
during the previous season: 

“Whereas, the recent widespread attention directed the disastrous theatre 
failures Washington and Brooklyn makes this opportune time empha- 


size the competent structural the construction 
such buildings, and, 

“Whereas, the responsibility the structural engineer can only effective 
accompanied commensurate authority covering both the design and con- 
struction all parts the building which safety and stability are 
dependent, 


“Be Resolved, that the New York Section American Society Civil 
Engineers would doing public service and furthering the express objects 
for which was organized its influence for such reform 
building laws and engineering practice would make impossible for any 
building this District, where public safety involved, 
open its doors use until its safety ‘and stability have been certified 
competent structural engineer.” 

French called attention the flagrant violation the laws the 
construction theatres which have recently collapsed and made plea that 
the engineer given authority control both design and construction, ex- 
pressing the belief that the requirements some such certificate that sug- 
gested the resolution would advisable. 

The was discussed the following: Mr. Rudolph Miller, 
formerly Superintendent Buildings New York City; the Hon. Lewis 
Pilcher, Architect the State New York; Mr. Daniel Webster, Manager, 
Mare Eidlitz Sons, Contractors, New York City; Mr. Lewis Rights, 
City. 
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Miller stated that the trouble was not much with the existing laws 
with the failure secure compliance with them, and that physically 
impossible for the Building Department the City, now organized, ‘to 
all the work that comes before it, the available force insufficient. 
Mr. Pilcher stressed the need more complete co-operation design the 
architect and the engineer, and having the engineer who had co-operated 
the design the field inspection; believes this the only real solu- 
tion. Mr. Webster, speaking from the viewpoint the general contractor, was 
design competent independent structural engineer, rather than 
steel contracting engineer, the belief that leads fairer competition 
contracting. offered the suggestion that the Engineering Societies 
appoint Board Appeal consider and rule debatable questions which 
inevitably come between the structural engineer and the contractor and that 
their decisions would form code practice avoid similar troubles. Mr. 
Rights opposed the form the resolution before the meeting tending 
place more responsibility the engineer than just; engineering not 
exact profession any more than the other leading professions, and the proper 
place for responsibility the owner, who, after all, gets the profit. 


some form Governmental control needed fix the responsibility 


where belongs and offered the following amendment the resolution under 
consideration 

“Be Resolved, that the subject-matter this evening’s discussion ‘be 
referred committee three appointed the President which shall 
consider this subject and refer the Board Direction what.action 
can taken.” 

resolution was carried, with the understanding that 

report the action would announced later meeting the Section. 

Previous the business meeting, moving pictures were shown, illustrating 
the construction the Gilboa Dam and the Shandaken Tunnel the Catskill 
Aqueduct. 


Annual Meeting the Northwestern Section 


The Annual Meeting the Northwestern Section was called order 
the St. Paul Athletic Club, St. Paul, Minn., October 17th, 1922; Presi- 
dent Walker the chair; Paul Gauger, Secretary; and present, also, 
members and guests. 

motion, duly seconded, the minutes the previous were ap- 
proved recorded. 

The Annual Report the Secretary-Treasurer for the year October 
17th, 1922, was presented the Secretary, and, motion, duly seconded, 
was adopted. 


The Secretary presented letter from the Minnesota Federation Archi- 


and Engineering Societies stating Section was stand- 


from Gardner Williams, Am. E., together with 


resolution adopted the Detroit the Employment Bureau 


the Society, was presented the Secretary. The subject dis- 
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cussed several members present request, Secretary John Dunlap, 
the Society, stated that the matter was under consideration and that efforts 
were being made make the service useful possible. was the con- 
sensus opinion that the Section should wait until was ascertained what 
steps the Society would take with regard this Bureau, before taking action 
this matter. 


President Walker presented informal report the activities the Sec- 


tion during the past year and, behalf the incoming officers, the 
earnest support all members. 

The following officers were elected: President, George Herrold; First 
Vice-President, James Gilman; Second Vice-President, Burt; and 
Secretary-Treasurer, Alvin Cutler. 

Messrs. Paul Gauger and Thian were representatives 
the Section the Minnesota Federation and Engineering 
Societies. 

After announcing the results the election, President Walker introduced 
the newly elected officers who then took charge the meeting. 

Secretary Dunlap, who was present guest the Section, was intro- 
duced and addressed the meeting Activities the American Society 
Civil Engineers.” 

the conclusion the address, the members present discussed informally 
with Mr. Dunlap the question increasing the membership the Society, 
the question employment bureau, and securing technical papers and 
the procedure for handling such papers. 

the conclusion the discussion, rising vote thanks was extended 
Mr. Dunlap for his visit the Section. 
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MEETINGS 
THE BOARD DIRECTION 


This abstract the notes the Secretary and subject approval 
the Board Direction its next meeting. 


October 2d, 1922.—The Board met 10:10 M., the Palace Hotel, San 
Francisco, Calif.; Vice-President Wall the chair; John Dunlap, 
and present, also, Messrs. Anderson, Brown, Chester, Darrow, Davis, 


Dyer, Freeman (came 11:25 and assumed the chair), Grunsky (came 
11:30 Henny, Hogan, Holland, Hoyt, Huber (came 11:25 
M.), Hudson, Humphrey, Pegram, Ridgway, Talbot, Winsor, and Yates. 

After some discussion, the Board decided recess and meet 
Membership Committee. 
Recess was taken for luncheon 


The Board reconvened at. with the thie 
forenoon. 


FEDERATED AMERICAN ENGINEERING 


was decided postpone the reading and approval the minutes 
previous Board and Executive Committee meetings and invite Mr. 
Wallace, Secretary the Federated American Engineering Societies, 
address the Board, the question joining the Federation had been made 
the order business for this 

President Cooley, the Federated American Engineering Societies, 
had also been invited address the Board, but was unable account 

illness. Secretary Wallace came 2:10 M., and addressed the Board 
for about hour, outlining the aims, activities, and accomplishments the 
Federation. 

After general discussion, Director Humphrey moved rising vote 

thanks Secretary Wallace, which was seconded Director Hogan, and 
unanimously carried. Secretary Wallace expressed his appreciation and with- 

Director Humphrey moved that the regular order business taken up, 
which motion was duly seconded and carried. 

The minutes the meetings the Board Direction held June 

and 20th, 1922, were presented for approval. 

Subsequently, motion Director Humphrey, duly seconded and carried, 
the corrected minutes the meetings June 19th and 20th, 1922, were 
approved. 

The minutes the meeting the Board held August 28th, 1922, were 
approved. 

motion Director Humphrey, duly seconded and carried, the approval 
the minutes the meetings Executive Committee July 18th, and 
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6th; 1922, was deferred until some the items therein mentioned 
had been discussed. 

motion Director Humphrey, seconded Vice-President 
and carried, consideration the question joining the Federated American 
Engineering Societies was postponed until the evening session. 

The Chairman appointed Messrs. Anderson, Darrow, and Yates, Tellers 
canvass the Membership Ballot. The Tellers subsequently reported, and the 
Chairman declared the election candidates.* 

The Secretary reported briefly for the Committee Technical Activities 
and Publications. 


CoMMITTEE CoMMITTEES 


Chairman Davis, the Committee Special Committees, presented the 
following report: 


“Mr. Presipent.—Your Committee Committees has the honor submit 
the following report 

“The question appointing Committee Steel and Struts, 
has been referred this Committee, and has been given consideration. 

“It believed that there need for work this line, collecting and 
digesting existing tests, and extending these where required, and correlating 
results. that.the President appoint committee seven, 
the Strength Steel Columns and Struts shown tests, and 
that this committee authorized enlist the co- Engineering 
Foundation, possible, and any interested organization. 

“The Committee has given consideration the the 
Duluth Section that Committee Maps and Mapping appointed. 

“We believe such committee could useful work, and should ap- 
pointed and instructed investigate and report the co-ordination map 
making and publication, and speeding the completion the 
topographic map the United States, and recommend measures this end. 
The adaptability maps their use: should also considered. 

“We recommend the President authorized appoint committee 
seven Maps and Mapping, representative the publishers, and 
users all kinds. 


Davis, 

Director Hudson the aeceptance the report, which was seconded 
Vice-President Ridgway. Past-Presidents Talbot and Davis the 
question appointing Committee Steel Columns and Struts, referred 
the report, and Past-President Davis recommended that that part the 
report referred the Committee Research. 

Director Hogan moved the adoption the the 
that the President authorized appoint Committee and 
Mapping. 

Vice-President Ridgway seconded this motion, which was duly 

‘Director Hudson moved the adoption the recommendation the re- 
port, that the President authorized appoint Committee seven 
Determine the Strength Steel Columns and Struts. Director Yates sec- 
onded this motion. 


See 702, 
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was participated Messrs. Davis, Hudson, Humphrey, and 
Talbot, during which Director Humphrey offered amendment: 

“That the matter referred the Committee Research for report 
the next meeting for further investigation the scope the work the 
proposed committee and ways and means accomplishing it.” 

This amendment was seconded Past-President Davis, and later accepted 
Director Hudson, and carried. 


Chairman Davis, the Committee Special Committees, presented the 
following further report: 


“On behalf the American Society Refrigerating Engineers, this 
Society has been requested designate representative serve Commit- 
tee Safety Code for Mechanical Refrigeration. The existing committee 


suggestion has been made that the Engineering Profession should have 
universal telegraphic code especially adapted the use engineers and other 
technical purposes. recommend that the President authorized appoint 
Committee five investigate this subject, and submit recommendations.” 

Consideration was first given the question appointing representative 
the Sectional Committee Safety Code for Mechanical Refrigeration 
the American Engineering Standard Committee, which the American 
Society Refrigerating Engineers the sponsor organization. Discussion 
was participated Messrs. Humphrey and Yates, and motion 
tor Hudson, duly seconded and carried, the President was authorized appoint 
such representative. 

The question appointing committee investigate the wisdom 
ing Universal Code specially adapted engineers, was dis- 
cussed Messrs. Chester and Davis, and motion Director Winsor, 
seconded Director Huber and carried, the recommendation the Com- 


mittee Special Committees was adopted. 


Chairman Humphrey, the Committee Licensing Engineers, for 
postponement until later hour. 
Chairman Brown, the Committee Consider the Whole Question the 


Status the Civil Engineer Government Work and His Compensation, re- 
ported progress. 


CoMMITTEE 


The Secretary read the following report from the Committee Pro- 
fessional Conduct, which Committee had been referred the letter July 
17th, 1922, from Robert Cummings, Am. Soc. E., concerning the 
circular from the Portland Cement Association, Chicago, which 
stated that the Association will serve advisory capacity without cost 


the public; also the letter Director Chester this matter, dated 
24th, 1922: 


“New York, Sept. 19, 1922. 


“The Committee Professional Conduct, which was referred the matter 
the complaint against the Portland Cement Association, which the pro- 
posals its circular July 10th, 1922, are cited, finds follows: 
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The proposal this circular furnish free plans confined num- 
ber plans for simple and useful structures built farmers, not re- 
quiring ordinarily the services engineers nor justifying rule the pay- 
ment engineering fee. Manifestly this effort the Portland Cement 
Association increase proper uses cement and thereby benefit their 


business. 
see this procedure stated the circular injury the engineer- 


ing business. Perhaps the employment engineers the Portland Cement 
Association more than offsets any benefits the calling which might derived 


from other sources. 
“The practice furnishing so-called free plans, followed other than 


minor structures, infringes upon the proper prerogatives the engineer and 
engineers should oppose such action except closely controlled com- 


petent engineers. 
The offer expert advice engineers and architects appears 


within the well recognized practices manufacturers many lines pro- 
duction. should recognized that such advice, while valuable, liable 
tended excuse its defects and belittle its proper substitutes. Engineers 
should not place reliance publications except the information 
contained therein will stand under expert scrutiny wholly free from 
influences tending favor the interest product marketed. 

“There apparent way which this Society can properly act other 
than the presentation these views and recommend that this done. 


Discussion was participated Messrs. Anderson, Hogan, Humphrey, 
Pegram, and Talbot. 

motion Director Humphrey, duly seconded and carried, the report 
was accepted, its approved, and copy ordered forwarded 
the Portland Cement Association. 

motion Past-President Talbot, seconded Director Humphrey, and 
carried, this report was ordered printed Proceedings. 

Chairman Humphrey, the Committee Report Rearrangement the 
Fifteenth Floor, reported progress. 


Funps ror Bust Eaps 


Chairman Wall, the Committee Funds for Bust 
Captain Eads, reported progress. The net amount collected date 176.50, 
and Chairman Wall explained that the requirements the Art Committee 
the Hall Fame New York University had raised, thereby increasing 
the expense the proposed bust, which would necessitate the collection 
further subscriptions amounting about 200. 

Discussion was participated Messrs. Anderson, Brown, Freeman, 
Chester, Darrow, Grunsky, Henny, Hogan, Holland, Humphrey, Ridgway, and 
Wall, ways and means securing more funds. was suggested that 
appeal might made the Local Sections. 

Vice-President Ridgway moved that the Secretary requested send 
note each the members the Board asking him secure amount 
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equal one-twenty-eighth the required sum. Director Chester seconded 
this motion. 

Director Henny suggested that the Directors furnished with list the 
names contributors within their District. 

Director Hogan suggested enlarging the Committee 100 and taxing each 
member thereof. 

Director Anderson finally offered amendment refer the matter back 
the Committee with power act, which amendment was accepted Vice- 
President Ridgway, and duly seconded, and carried. 


BENEVOLENT FuND 


Chairman Anderson, the Committee Investigate and Report Regard 
the Desirability Creating Benevolent Fund, called attention the 
draft the report his Committee, submitted the Board its meeting 
April 3d, 1922. 

The matter was discussed Messrs. Anderson, Brown, Chester, Grunsky, 
Henny, Hogan, Holland, Hoyt, Humphrey, Huber, and Talbot. 

Director Brown moved that the report the Committee, including the 
outline the plan, submitted the Local Sections for discussion and 
report the Board their views the subject, which was duly seconded 
and subsequently carried. 

The desirability sending out arguments for and against the proposal was 
discussed. 

Director Hoyt suggested that the report’ published Proceedings 
that members the Local Sections could refer it, and Director Hogan sug- 
gested that individual members who are not members Local Sections 
asked for their opinions. 

Director Humphrey moved that sending out the notice only the plan 
submitted without any arguments for against. This motion was seconded 
Director Hogan. 

Director Henny offered amendment, was. Director 
Holland, and which Director Humphrey stated had objection: 


“That the Secretary instructed send out the Sections the full Com- 
mittee Report and argument against the proposal the Committee 


drafted Director Chester.” 

This was subsequently carried “aye” and “no” vote. result 
the discussion, was understood that both the complete report and Director 
Chester’s argument against the proposal are published Proceedings.* 

request, the Secretary read the report the Committee, but ‘not the 
outline the plan. 

Past-President Talbot reported progress for the Committee Student 
Chapters. 

Chairman Talbot, the Committee Research, reported progress. 

Special Committee the Direction Special Committee the 
Society. 


See 662. 
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Director Humphrey moved: 


“That the sense the meeting that this Special Committee the 
Board.” 
motion was seconded Director Brown, and carried. 
Chairman Brown, the Public Relations Committee, reported progress. 
Chairman Talbot, the Committee Honorary Membership, reported 
progress, and inquired whether was planned have ceremonies the 
Annual Meeting 1923 similar those held the Annual Meeting 1922 
conferring Honorary Memberships. 
Director Humphrey moved that that the sense the Board, which was 
duly seconded and carried. 
Vice-President Ridgway, speaking for Director Holland the Committee 
Federal Charter, reported progress. 
Director Humphrey, the Committee Districts and Zones, reported 
progress. 
The Secretary reported his visits the various Local Sections route 
the meeting the Board. 


Divisions 


the meeting the Board June 19th, 1922, was decided that the 
proposed By-law covering Technical Divisions should brought for con- 
firmation and approval this meeting. 

The Secretary reported that had given this matter careful consideration 
and suggested certain changes the proposed By-law. After extended dis- 
cussion, participated Messrs. Anderson, Brown, Davis, Freeman, Grunsky, 
Henny, Hogan, Holland, Hoyt, Huber, Hudson, Humphrey, Talbot, Winsor, 
and Yates, the following By-law was adopted: 


“ARTICLE Divisions 


Technical Division the American Society Civil Engineers may, 
the action the Board Direction, organized for the consideration 
any engineering, scientific, professional subject, provided that not less than 
members the Society unite making written request for such organ- 
ization. Such division shall designated Division the Amer- 
ican Society Civil Engineers. (The blank shall filled the title the 
specialized.) 

the Society any grade may become the 
Division enrollment. 

“Engineers and others not members the American Civil Engi- 
neers, desiring participate the work the Division may enrolled 
Division Affiliates upon the approval the Executive Committee the Divi- 
sion. Such Division Affiliates shall not any sense members the Amer- 
ican Society Civil Engineers any grade, but shall have privilege 
attending meetings, presenting papers, and taking part the discussions, but 
shall not have the right vote. 

Technical Division may levy division dues upon its enrolled members 
and affiliates action the majority the Division Members, subject the 
approval the Board Direction the Society. 

Division shall elect annually Executive Committee mem- 
bers the Division who shall Corporate Members the American Society 
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Civil Engineers, have charge its affairs under the guidance the 
Board. 


“Other Committees the Division may its Executive Com- 
mittee. 


Division shall financial obligations chargeable the 
Society unless such are specifically authorized the Board Direction and 


provided for its approved budget. liability incurred other than above 
provided shall binding the Society. 


Board Direction the Society may suspend disband any 
Division, days’ notice.” 
President Freeman retired 5:50 M., and Vice-President Wall assumed 
the chair. 


Recess was taken for dinner 6:25 


The Board reconvened 8:15 M., with the same attendance the 
afternoon. 


AMENDMENTS By-Laws 


notice proposed amendment Article VI, Section the By-laws, 
was given Director Humphrey the meeting the Board Direction held 
June 19th, 1922, and copy was forwarded each Director July 29th, 
1922. The amendment was presented for final action, follows: Strike out 
the first sentence, “Business meetings the Society shall held monthly 
the first Wednesday each month, except during the months July and 
August”, and amend the second sentence read follows: “In addition 
the Annual Meeting and the Annual Convention, meetings for the transaction 
business and for the reading and discussion papers shall held 


ordered the Board Direction.” This would make Article VI, Section 
read follows: 


addition the Annual Meeting and the Annual Convention, meet- 
ings for the transaction business and for the reading and discussion 
papers shall held ordered the Board Direction. 

Extended discussion this matter was participated Messrs: Brown, 
Chester, Davis, Freeman, Grunsky, Henny, Hogan, Holland, Hoyt, Huber, 
Humphrey, Ridgway, Talbot, Wall, and Yates. 

motion Director Hoyt, seconded Director Anderson and carried, 
the President was authorized appoint committee three over this 
matter and report the next session the Board. Further discussion was 
had the quality papers published, attendance Society meetings, 
method accepting papers, etc. 


The President subsequently appointed Messrs. Hoyt, Hogan, and Humphrey, 
the Committee referred to. 

the afternoon session October 3d, 1922, Chairman Hoyt reported that 
his Committee recommended that Article VI, Section the By-Laws 
amended striking out the words “on the first Wednesday each month”. 
This would make Section read: 


—Business meetings the Society shall held monthly, except during 
the months July and August. addition the Annual Meeting and the 
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Annual Convention, meetings for the reading and discussion papers shall 
held ordered the Board Direction.” 

Director Humphrey moved the adoption this Section thus amended, 
which was seconded Past-President Davis, and carried “aye” and 
“no” vote. 

Vice-President Wall, who was then presiding, announced that the By-law 
would changed accordingly, this being the final action. 

The Secretary suggested the following amendment the By-laws: Amend 
Article IV, Committees, adding after the words, Section Commit- 
tee Special Committees”, the following words, Committee Profes- 
sional Conduct”; and adding new Section, follows: 

Committee Professional Conduct shall consist three mem- 
bers the Board Direction. shall consider and report the Board 
Direction upon such matters professional ethics and conduct the Board 
may refer it.” 
and changing the Sections now numbered and and respectively. 

Past-President Talbot questioned whether the Committee Research 
should not also included the Standing Committees the Board, which 
resulted discussion the whole matter the status committees, partici- 
pated Messrs. Davis, Henny, Hogan, Humphrey, Pegram, Talbot, and 


‘Wall, but action was taken. 


The Secretary suggested, order correct the record, that the name 
the Publication Committee has been changed “Committee Technical 
Activities and Publications”, Article the By-laws should changed 
before the last word the last sentence the fifteenth paragraph 
Section the words “Technical Activities and”, making the sentence read: 

“The printing all reports special committees shall executed through 
the Standing Committee Technical Activities and Publications”. 

Past-President Grunsky stated that would give such notice the pro- 
posed amendment, and the matter will come for final action the next 
meeting the Board January, 1923. 


The Secretary reported that the “Second Ballot for Official Nominees” was 
canvassed August 15th, 1922, resulting the nomination Baldwin, 
Am. Soe. E., for Director from District No. Mr. Baldwin died 
June 26th, 1922, and the Secretary wrote each member the Board 
Direction August 16th, 1922, notifying him that fact, and that peti- 
tion had been received from 132 members resident District No. requesting 
the Board substitute the name Theodore Condron, Am. E., 
for that Mr. Baldwin. With this letter was enclosed form ballot 
filled out and returned for canvass the Intermediate Meeting the Board 
held August 28th, 1922. This action was taken because the Constitution 
provides that list “Official Nominees” shall mailed the Corporate 
Membership not later than the first day October, and the Board did not 
meet until October 2d, 1922. 
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These ballots were never canvassed, letter questioning the above pro- 
cedure, dated August 26th, 1922,* was received from Director Humphrey. 
Legal advice was sought the matter, and letter dated August 30th, 1922,+ 
was received from Messrs. Parker and Aaron, explaining that this matter can 
properly passed the Board this meeting and that the requirement 
the Constitution, that the list Official Nominees sent out October 
directory rather than mandatory. 

The Executive Committee discussed this matter its meeting Septem- 
ber 6th, 1922, and was decided ask the Board safeguard future situa- 
tions delegating authority the Executive Committee act in‘a similar 
emergency after has canvassed letter-ballot vote the Board the matter. 

Past-President Talbot moved that the name Theodore Condron 
supplied fill the vacancy. This motion was seconded Director Chester and 
carried. 

Director Humphrey spoke against the delegation power the Executive 
Committee, suggested, and Messrs. Davis and Hogan also spoke. 

motion Director Humphrey, duly seconded and the sug- 
gestion the Executive Committee was laid the table. 

motion, duly seconded and carried, the meeting was adjourned 9:35 
M., October 2d, 1922, meet 10:00 October 3d, 1922. 


October 3d, 1922.—The Board reconvened 10:05 M., the Palace 
Hotel, San Francisco, Calif.; President John Freeman the chair; John 
Dunlap, Secretary; and present also Messrs. Anderson, Brown, Chester, 
Darrow, Davis (came 10:10 m.), Dyer, Grunsky, Henny, Hogan, 
Holland (came 10:30 m.), Hoyt, Huber, Hudson, Humphrey, Pegram, 
Ridgway (came 10:25 m.), Talbot, Wall, Winsor (came 
10:15 M.), and Yates. 

Past-President Talbot offered the following resolution, which was seconded 
Director Henny, and after discussion participated Messrs. Anderson, 
carried “aye” and “no” vote: 

“The Board feels that the method nomination officers 
the Society given the new Constitution should have fair trial. believes 


that the welfare the Society demands that the methods presenting the 
merits candidates should characterized inexpensiveness, 
and dignity. 

“The membership the Society urged not permit the elaboration 
campaigning and the use undue progaganda.” 


FROM THE SECRETARY Various ACTIVITIES 


The following matters were reported for the information the Board: 


Canvass Second Ballot for Nominees for Officers:—That, authorized 
the Board, President Freeman had appointed Drew, Soe. 
Chairman the Committee Tellers canvass the “second ballots” for 
nominees for officers, which canvass was made August 15th, 1922. The 
report. the Tellers was immediately forwarded each Director, and accept- 


See 695. 
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ances and biographical records have been received from each these official 
nominees.* 

election June 19th, 1922, Honorary Membership have been received from 
the following: Leon- Jean Chagnaud, Sir Maurice Fitzmaurice, Clemens 
Herschel, John Stevens, and Unwin. 

Koninklijk Instituut van Ingenieurs:—That cable received from Secre- 
tary Van Sandick the Koninklijk Instituut van Ingenieurs The Nether- 
lands, stated that Charles Warren Hunt, Soc. E., Secretary 
Emeritus, had been appointed Honorary Member that Society, 
and that this Society was invited delegate him, some other mem- 
ber, represent the ceremony celebration the Seventy-fifth, Anni- 
versary the Instituut September 8th, 1922. 

That President Freeman had appointed Dr. Hunt such Delegate and that 
had sailed August 19th, 1922, attend this celebration the represen- 
tative the Society. 

The Secretary read the letter from the President and General Secretary 
the Koninklijk Instituut van Ingenieurs dated August 21st, 1922, trans- 
mitting medal commemorating this anniversary. 

Director Humphrey made the following motion which was seconded Di- 
rector Henny, and carried: 

“That the President the Society instructed acknowledge with 
thanks, behalf the Board, the receipt the medal.” 


International Engineering Congress Philadelphia, Pa., 1926:—That 
President Freeman has appointed Messrs. George Webster and Richard 
the representatives the Society the Board Management 
the International Engineering Congress held Philadelphia 1926, 
and that Mr. Webster and Mr. Humphrey have accepted the appointment. 

That the plan adopted the conference held Philadelphia July 19th, 
1922, this matter, provided that the organization meeting the Board 
Management should the senior the representatives the Amer- 
ican Society Civil Engineers, and was desirable that such meeting 
should held not later than November, 1922, President Freeman had 
appointed the representatives mentioned that the meeting could called. 

National Safety Council:—That the letter July 25th, 1922, from Secre- 
tary Williams, the National Safety Council, invited this Society send 
official representatives its Eleventh Annual Safety Congress Detroit, 
Mich., from August 28th September 1st, 1922, and that President Freeman 
had appointed such representatives, Messrs. Fenkell, Arthur 
Blanchard, and John Hawley. 

American Engineering Standards Committee Invites Society Appoint 
Representative Sectional Committee Hose letter 
August from Secretary Agnew, the American Engineering 
Standards Committee, explained that the Committee organizing Sectional 
Committee Hose Specifications and invited the Society designate repre- 
sentative serve thereon. This letter was forwarded President Freeman, 
who much interested this matter and has kindly consented serve the 
Committee. 

Washington Award:—That the term Marshall, Am. 
Soc. E., one the representatives the Society the Washington 
Award, had expired June 1922, and that President Freeman had re- 
appointed Gen. Marshall such representative. 

Metric Conference :—That letter July 13th, 1922, Secretary Par- 
sons, the American Chemical Society, had invited this Society send 
representative the meeting held Pittsburgh, Pa., September 6th, 1922, 


Proceedings, Am. Soc. October, 1922, pp. 583 and 590. 
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World Standardization the Metric System, and that President Freeman 
had appointed Robert Cummings, Am. E., such representative, 
who had accepted and attended the meeting. 


Report CoMMITTEE PRIZES 


The report* from the Committee Prizes was presented. 
motion Director Humphrey, duly seconded and carried, this report 
was received, and the recommendations therein contained were adopted. (It 
was explained that this Committee was asked report this meeting 
enable the prizes awarded the Annual Meeting 1923.) 


Report Status RECENTLY COMMITTEES 


The Secretary reported that the following Committees have been organized: 


Special Committee Stresses Structural Steel: Dufour, Chair- 

Special Committee Flood Protection Data: Grover, Chairman, 
Burdick, William Creager, Eddy, Gerard Matthes, Charles 
Paul, and Ridgway. 


Special Committee Irrigation Hydraulics: Henny, Chairman, 
Samuel Fortier, Vice-Chairman, Allison, Etcheverry, Par- 
shall, Savage, Fred Scobey, Stuart Sims, Stevens, and Franklin 
Thomas. 

Special Committee Impact Highway Bridges: Fuller, Chair- 
man, Eitzen, Kelley, Clyde Morris, and Turneaure. 

Special Committee Hydraulic Phenomena: (President Freeman has not 
yet appointed this Committee). 


request for appropriation $500 for the Committee Stresses 
Structural Steel was reported. 


motion Director Humphrey, seconded Director Hudson and 
ried, this was referred the Executive Committee with power. 


request for appropriation $275 for the remainder the year for 
the Committee Impact Highway Bridges, was reported. 

motion Director Humphrey, seconded Director Brown and car- 
ried, this was referred the Executive Committee with power. 

request for additional appropriation $1000 for the Employment Serv- 
ice, was reported. 

motion Director Humphrey, duly seconded and this was 

referred the Executive Committee with power. 


ENGINEERING 


The Sanitary Engineering Division has now been formed, and the five 
names which stand highest the list for members its 
Executive Committee are follows: Messrs. Kenneth Allen, Harrison 
Eddy, Frederick ackson, Goodnough, and George Hammond. 


See 653. 
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motion Director Humphrey, duly seconded and carried, the Execu- 
tive Committee was approved named. 


The Board its meeting June 19th, 1922, adopted set resolutions* 
requesting Engineering Foundation make study Engineering Society 
Organization, endeavor overcome the existing confusion and duplica- 
tion activities Civil Engineering organizations, and the other Founder 
Societies were asked join with this Society this request. The Board 
further referred the Executive Committee, with power, the preparation 
financial plan this matter. 

The Secretary reported that letter dated September 16th, 1922, has been 
received from Secretary Flinn, the Engineering Foundation, stating that 
this matter was considered Engineering Foundation its meeting 
September 14th, 1922, when was reported that the other Societies were not 
favor this project. was voted, therefore, lay the matter the table. 

The following letter received from Secretary Flinn, Engineering 
Foundation, dated September 13th, 1922, was presented: 


“Among the projects suggested Engineering Foundation there have been 
repeatedly various hydraulic problems. Unfortunately, resources have closely 
limited the work which could done. 

“Your Past-President Clemens Herschel was granted modest sum for 
experiments new form weir and obtained valuable results. 

“An investigation arch dams, suggested and endorsed members 
your Society individually, being organized basis co-operation with 
governmental authorities, corporations owning dams and engineers experienced 
design and construction. 

“Engineering Foundation was proceeding further, its attempts meet 
this need, develop co-operative undertaking other hydraulic studies; but 
having received information from you the three committees hydraulic 
research being organized your Society, Engineering Foundation desires 
know what way can most helpful one your agencies for research 
conjunction with the other Founder Societies. 

“Close co-operation should established not only this, but also other 
fields between Engineering Foundation and your various research committees. 
Cannot the committee which serves the Advisory Board Civil Engi- 
neering Research for the Division Engineering National Research 
Council, also the medium for co-operation with Engineering Foundation 
Through this Committee details co-operation with specific committees 
could then arranged. 

“Engineering Foundation would have the American Society Civil Engi- 
neers and all the Founder Societies realize more fully that the Foundation 
not outside organization, but one their own instrumentalities for con- 
ducting and furthering research subjects special interest the members 
the societies. desires used more fully the societies and have 
their active assistance increasing its resources and realizing the aspira- 
tions of. its Founder and the representatives societies who collaborated 
with him establishing the Foundation.” 


motion Director Humphrey, duly seconded and carried, this matter 
was referred the Committee Research. 
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For the information the Board, was reported that the meeting 
the Engineering Foundation Board, September 14th, 1922, the following 
passage from the Address President the Annual Convention 

1922, was read: 


“The Engineering Foundation was established aid advancing Applied 
Science, and aid developing new data, far-seeing engineer who in- 
tended his own gift merely nucleus which others adding might 
testify substantial way the help they had received from 


the Engineering Societies and the researches their predecessors; or, they 
had prospered, might pay like manner part their debt the Profession. 

“Cannot our Society take more active part making this great idea bear 
more fruit, both increment this fund and adding data for the prac- 
tical engineer? Would not show finer spirit appreciation toward those 
who build this Foundation fund, every dollar its income from endow- 
ment was devoted its main purposes, while the four National Societies took 
themselves the whole expense its administration 


The Engineering Foundation Board decided refer this the Founder 
Societies’ Joint Finance Committee for favorable consideration. 


INTERNATIONAL Co-OPERATION ENGINEERS 


letter introduction was given Dr. Ledoux before went abroad, 

signed the Presidents the four National Societies. For the record, the 
following reply from the Institution Civil Engineers, dated July 7th, 1922, 
was reported: 


“Your letter the 22d April, 1922, was received with much gratification 
the President and Council this Institution their last meeting, when 
had the pleasure reporting them also the very cordial greeting conveyed 
Dr. Ledoux person. 
“The President and Council desired express the four National 
Engineering Societies the: United States, through you, their acknowledg- 
ment appreciation the courteous message good thus com- 
municated. 
“In doing may express the pleasure which gave meet Dr. 
Ledoux, both personally and the representative the Societies.” 


The Secretary further reported that there has been great deal informal 
discussion and correspondence regarding International Engi- 

neers, and letter from the American Institute Mining and Metallurgical 

Engineers under date September 8th, 1922, states: 


“In conformity with the suggestion Dr. Ledoux, who has recently 
returned from consultation with European Engineering Societies, President 
Dwight was authorized our Executive Committee meeting held Sep- 
tember 6th, 1922, appoint committee two from the Institute confer 
with like committees from the three other Founder Societies, for the purpose 
formulating basis co-operation between international technical bodies. 
President Dwight has appointed Albert Ledoux and Charles Rand 
members this Committee.” 
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motion Director Henny, duly seconded and the President 
was authorized appoint committee this Society co-operate with simi- 
lar committees the other Founder Societies. 


The Secretary reported that invitations had been received from the Lou- 
isiana Section hold the Spring Meeting the Society, New Orleans, 
April, 1923; from the City Richmond, Va., the Mayor, the State Virginia, 
including the Governor, and the Chamber Commerce, hold the next 
Annual Convention Richmond; and from the Illinois Section hold the 
1923 Fall Meeting Chicago. Discussion the subject was participated 
Messrs. Anderson, Chester, Davis, Freeman, Grunsky, Hogan, Hoyt, Huber, 
Humphrey, and Ridgway. 

Vice-President Grunsky moved and Vice- President Ridgway seconded the 
motion, and was carried, that was the sense the meeting that the Spring 
and Fall meetings the Society should held New Orleans, La., and 
Chicago, respectively. 

The Secretary explained the desirability arranging schedule meet- 
ings year advance order that proper accommodations may se- 
cured, etc. 

The following motion was made Director Humphrey, and was duly sec- 
onded and. carried: 


“That the Spring Meeting held New Orleans the month April.” 


The Secretary reported regard the allotment funds Local Sec- 
tions, the Executive Committee had asked that investigation the 
matter made, and gave brief résumé the policy pursued the Board, 
and asked for instructions regard certain cases. 

Director Brown, duly seconded and the President 
was authorized appoint Special Committee the Board Local Sections 
consisting three members, and these matters are referred this 
Committee. 


JOHN Fritz Boarp 


was reported that the term Past-President Talbot one 
four representatives this Society the John Fritz Medal Board Award 
will expire January 19th, 1923. 

motion Director Humphrey, duly seconded, and carried, 
Freeman was appointed fill this vacancy for term four years.. 


was reported that the term Past-President George Pegram one 
the three representatives this Society the Board Trustees the 
United Engineering Society will expire January 25th, 1923. 

motion Director Humphrey, duly seconded and carried, Mr. Pegram 
was re-elected for term three years. 
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REPRESENTATIVES AMERICAN ENGINEERING STANDARDS COMMITTEE 


was reported that the term Martin Schreiber, Am. Soc. 
one the three representatives this Society the American Engineer- 
ing Standards Committee will expire December 31st, 1922. 

motion Director Humphrey, seconded Director Yates and carried, 
the filling this vacancy was referred the Executive Committee with 
power. 


The Secretary reported that some provision should made for the prepara- 

tion the Annual Report the Board Direction. 

motion Director Humphrey, duly seconded and carried, the Chair- 
men the Standing Committees the Board were appointed Committee 

prepare such report. 


The approval minutes meetings previously postponed, was taken up. 
motion Director Humphrey, seconded Director Holland and 
ried, the minutes the meeting the Executive Committee July 18th, 
1922, were approved, follows: 


The Executive Committee met 2:15 President John Freeman 
the chair; John Dunlap, Secretary; and present, also, Messrs. Pegram, 
Ridgway, and Treasurer Hovey. 

The minutes the last meeting this Committee held April 18th, 1922, 
were reported to, and approved by, the Board Direction its meeting 
June 19th, 1922. 

Messrs. Strickler and Conway were appointed President Free- 
man attend the organization meeting held Washington, C., June 
19th and 20th, 1922, the American Construction Council, with view 
finding out the purposes the Council and whether not this Society should 
participate. Their report, dated June 26th, 1922, was presented, stating 


part follows: 


“We are impressed the need centralizing agency the construction 
industry and believe should receive the sympathy and moral support the 
Engineering Profession. not, however, consider advisable for the 
American Society Civil Engineers join the American Construction 
Council association member, for the following reasons: 

“1. The project somewhat outside the general scope the Society’s 

The engineer occupies quasi-judicial position adviser arbiter 
many construction matters, and the active participation this Society 
organization the American Construction Council would tend weaken 
the strength that position the public mind.” 

motion Vice-President Ridgway, duly seconded, and carried, this 
report was received and ordered filed. The American Construction Council 
has accordingly been informed that this Society has decided not participate 
directly its activities although sympathetic its aims. 

was reported that the Board its meeting June 20th, 1922, referred 

the Executive Committee with power letter from Stephen Child, Am. 
Soc. E., addressed President Freeman concerning the establishment 
clearing houses Civic Improvement all over the world. 
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President Freeman’s request, more time was granted this matter. 
The following letter dated June 26th, 1922, from Lavis, Am. Soe. E., 
President Freeman, was presented: 


“Perhaps you will remember that several years ago (in 1916) during the 
Presidency Mr. Corthell, joint committee members the four 
National Societies was appointed and called the Pan-American Joint Engi- 
neering Committee. The purpose this committee was try and form some 
sort closer relations between the engineers North and South America. 
acted Secretary this Committee during its life, and tried cor- 
respondence with various societies South America develop something 
along those lines, but did not meet with much success and owing the 
entry the United States into the war, the matter was crowded out and the 
committee disbanded. 

“During recent trip Bolivia, met some the delegates Engi- 
neering Congress held Lima the time the Peruvian Centennial last 
year, and had several lengthy talks with Dr. Julio Figueroa, who repre- 
sented the ‘Associacion Internacional Permanente del Congreso Sudamericano 
Ferrocarriles’, who was very keen about this matter establishing closer 
relations between the engineers North and South America. 

“In December last received letter from Don Santiago Brian, Buenos 
Aires, who President that Association, indicating the-official interest 
the Association this idea and asking take with the engineers 
the United States. 

should have taken this matter before, but have been very busy since 
return from Bolivia April. think, however, that any delegation 
engineers going the Centennial Brazil, that they might see what could 
done take further steps along these lines that time. 

“In any event should like have you keep this mind and discuss 
with the Board Direction and perhaps bring the attention the Council 
the Joint Societies. can help any let know, and any event 
like write Mr. Brian about it, can tell him anything worth 
while 


After discussion, motion Past-President Pegram, duly seconded, and 
carried, the Secretary was instructed see Mr. Lavis this matter, well 
the Secretaries the other National Societies, and others, and report back 
the next meeting. 

The Secretary was also instructed write friendly letter inquiry 
the Institution Civil Engineers London, asking what extent co-opera- 
tion now effect between the Institution and engineering organizations 
South America. 

was reported that letter June 25th, 1922, from Mr. Sebastiao Sampaio, 
Brazilian Commercial Attaché, transmitted invitation this Society from 
the Club Engenharia Rio Janeiro, Brazil, participate the Inter- 
national Engineering Congress held Rio Janeiro, September 7th 
1922, and that President Freeman had appointed the following delegates, 
other names also being under consideration: Messrs. Walter Charnley, 
Comstock, Easterbrooks, Verne Roy Havens, Leon Heilbronner, 
McConnel, Armando Arruda Pereira, George Ribeiro, George Schobinger, 
Victor Silva Freire, Stevenson, Sundstrom, and Thayer. 

was reported the June Board meeting that the term Anson Marston, 
Am. one the representatives this Society the Engi- 
neering Division the National Research Council would expire June 30th, 
1922, and that under the rules was not eligible for re-election the 

The Board empowered the Executive Committee fill this vacancy. 
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President Freeman reported that Director Marston had recommended him 
the appointment Hatt, Am. E., and motion, duly sec- 
onded and Mr. Hatt was appointed. 

Article VII the Constitution provides that the Board shall, each year, 
review the existing geographical divisions and, necessary, changes 
their boundaries. The Board empowered the Executive Committee appoint 
Committee Districts and Zones report the Board its January meet- 
ing, and the protests received from the Colorado and San Francisco: Sections 
concerning the existing boundaries are referred that Committee, to- 
gether with the letter from Breithaupt, Am. Soe. E., suggesting 
the consideration the possibility having the whole separate 
voting district. letter received President Freeman from Past-President 
Webster was presented, suggesting the appointment Director Humphrey 
Chairman such Committee. 


After consideration, the following committee was appointed: Messrs. Rich- 


Humphrey, Chairman, George Anderson, Frank Darrow, ohn 


Hogan, and Walter Huber. 
was reported, for the record, that the Board had referred the invitation 


appoint representative the Sectional Committee the Safety Code for 


Mechanical Refrigeration, the Committee Special Committees for recom- 
mendation the Executive Committee. 

More time was granted the Committee Special 

letter was presented, dated July 14th, 1922, from Chairman Stevenson 
the Nominating Committee the American Engineering Standards Com- 
mittee, asking for suggestion member this Society representing 
the Committee, nominated candidate for its Executive Committee 
for 1923. 

motion, duly seconded and carried, Director Yates was suggested for 
re-appointment, such nominee. 

reported that under date July 1922, Henry Goldmark, 
had written suggesting the appointment new committee, the 
re- appointment the old committee, Steel Columns and Struts, 
which letter had been forwarded the Committee Special Committees. 

The action referring this matter the Committee Special Commit- 
tees was confirmed. 

was suggested that might well this for the Commit- 
tee Special Committees clarify the situation the existence the 
Bridge Committee, the Research Committees Stresses Steel 
and Impact Highway Bridges, the two latter being authorized, but not 
yet appointed. 

letter dated July 2d, 1922, was presented from Mr. Radford, sug- 
gesting that the Society investigate subway dust collection. 

After discussion, decided refer this question the Transit 
Commission. 

letter, dated July 17th, 1922, was presented from Robert 
E., attention the circular letter from the Portland 
Association, Chicago, stating that the Association will serve ‘an 
advisory capacity, without cost, the public. Mr. Cummings the 
effect this injure the professional livelihood large number engi- 
néers who have studied cement and concrete specialty and are present 
unable obtain adequate employment, and asked advised the dis- 
position this communication made the Board. 

motion, duly seconded and carried, the letter was ordered sent the 
Professional Conduct. 

Messrs. Robert Ridgway, George Pegram, John and William 
Bensel,. Past- President, Am. Soc. 
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The Board, its meeting June 20th, 1922, after learning that the Fed- 
erated American Engineering Societies would discontinue the conduct the 
Employment Bureau after July 1st, 1922, and that would turned back 
the Founder Societies, adopted resolution authorizing the Secretary 
ordinate the service with the employment activities “the other engineering 
societies and directed him continue the service rendered the past the 
membership this Society. 

The following actions were also 


“That the Executive Committee requested investigate and report upon 
the feasibility having clearing houses registration bureaus established 
each, some least, the Local Sections the Society act co-opera- 
tion with the central committee and report the cost that kind service.” 


Also, 


“To include any further recommendations connection with employ- 
ment service which seem proper.” 


Also, 

“That the Executive Committee consider also the desirability undesir- 
ability making charge those who make applications for position the 
Service.” 


The Secretary further reported that the minutes the Engineering So- 
cieties Employment Service July 5th, 1922, state: 


“Voted: That each society immediately pay $500 into the Treasury order 
meet current expenses, and hereafter and until further notice $350 the 
first every month.” 

discussion, authorization was granted pay the Service $500 now, 
and continue monthly payments $350 suggested, but that the amount 
000 the Budget for 1922 not exceeded. 

The Secretary was asked look into the possibility having the Local 
Sections establish clearing houses, suggested, and report the next 
meeting. 

The Board, its meeting June 20th, 1922, referred the Executive 
Committee with power, the request for additional appropriation 
from the Special Committee Bridge Design and Construction. 

motion Past-President Pegram, duly seconded and this 
request was granted. 

The Board, its meeting June 20th, 1922, referred the Executive 
Committee with power, and with recommendation for favorable action, the 
request the Virginia and Toledo Sections for allotments. 

motion, duly seconded and carried, authority was allowed grant 
allotments members these Sections, who have paid dues the Section 
and who are good standing with the Parent Society. 

The Board, its meeting June 20th, 1922, referred the Executive 
Committee with power, the matter mileage and secretarial expenses the 
Special Committee Irrigation Hydraulics, 

motion, duly seconded and carried, $500 was appropriated this 
mittee. 

reported that Messrs. Quimby, Schreiber, and Yates, had 
the meeting Washington, C., June 15th, 1922, representatives 
the Society the American Engineering Committee. 

motion, duly seconded and carried, $100 was appropriated defray 
mileage expenses the above. 

motion, duly seconded, the sum $75 was appropriated the share 
the Society the expenses Director Craver, the Engineering Societies 
Library, visit Denver, Colo., assist the organization Engineering 
Library there the invitation the Colorado Engineering Council. This 
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appropriation was made, provided the other three Founder Societies likewise 
contributed similar amount. 
facilitate the work the office, the amount carried the Secretary 
petty cash was increased from 500 500. 
The Secretary was authorized visit Local Sections, passing, his way 
the Fall Meeting the Society San Francisco, Calif. 


The minutes the meeting the Executive Committee September 6th, 
1922, were next considered, follows: 


The Executive Committee met 2:45 President John Freeman 
the chair; John Dunlap, and present, also, Messrs. Pegram, Ridg- 
way, and Webster. 

was announced that the minutes the last meeting this Committee 
held July 18th, 1922, had been forwarded each Director, and these minutes 
were approved. 

The question joining the Federated American Engineering Societies 
made the order business the next meeting the Board Direction 
held October 2d, 1922, San Francisco, Calif. The President and 
Secretary the American Engineering Council the Federated American 
Engineering Societies have been invited present that time, and report 
rendered this Committee the prospect discharging the 
obligation the Society favorable joining. the last meeting this 
Committee, the matter was postponed until more definite information was 
secured from Secretary Wallace the Federated American Engineering 
Societies, and meanwhile the Secretary and Treasurer were asked prepare 
general statement covering the finances the Society. letter dated July 

29th, 1922, from Secretary Wallace was presented, showing that the assess- 
ment for the American Society Civil Engineers join the Federation would 
amount $10 853.46. 
Financial statements were presented, showing expenditures date under 
the various items the 1922 Budget, with request for additional appropria- 
tions. 
After careful consideration the various items the Budget, the 
expenditures date, and the probable expenditures the end the year, 
was noted that the total expenditures would amount about and 
our entire income including interest, initiation fees, and income from the 


Fifty-seventh Street property would the neighborhood $260000 
$265 000. After further consideration the ways which the original budget 
$237930 had been exceeded, the Committee was the opinion that, 
the largest item, for Publications, activity should not restricted; that 
there would probably saving next year upward 000 which was 
incurred the present year from the overlapping the office Secretary 
and traveling expenses for the retiring Acting Secretary; that the extra 
expense incurred the initiation Spring and Fall meeting was believed 
well warranted and should not curtailed; that the only opportunity 
apparent now for substantial saving was having two general meetings the 
Board Direction instead four, and that that the interve- 
ning business could the Executive Committee. 
motion Past-President Webster, duly seconded and carried, was 
decided recommend the Board Direction, the approval the additional 
items set forth, amounting all $17 716.34. 
motion Past-President Pegram, duly seconded and carried, was 
decided also recommend the Board, the amendment the present regula- 
tion for mileage allowance the effect that such mileage allowance the 
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rate cents per mile for members Committees and Directors, with per 
diem subsistence allowance. 

the last meeting this Committee, letter was presented from Lavis, 
Am. E., dated June 26th, 1922, President Freeman the 
matter establishing closer relations between the engineers North and 
South America. This Committee instructed the Secretary see Mr. Lavis 
and the Secretaries the other Founder Societies and report back. 

The Secretary reported, for the record, that several conferences were held, 
which representatives from the Founder Societies were present, resulting 
the soliciting papers for the Brazilian Congress from experts the various 
subjects interest South American engineers. These conferences (at 
which Messrs. Fred Lavis, McConnel, Milton Freeman, Verne LeRoy 
Havens, and Philip Henry, represented the Society), were well attended and 
proved interesting and helpful. All the members the Society resident 
Brazil have been urged help make the Engineering Congress Rio 
Janeiro success. 

The Secretary was also instructed write friendly letter inquiry 
the Institution Civil Engineers, asking what extent co-operation now 
effect between the Institution and engineering organizations South Amer- 
ica and the following reply, dated August 21st, 1922, was presented: 


“My Mr. reply your letter the 26th July, have 
say that this Institution’s relations with engineers, both collectively and 
individually, North and South America, have always been most cordial. 
number its members are practice the latter continent, and number 


papers have been published the Institution from time time subjects 


engineering interest those countries, besides which the Institution 
touch with the engineering Institutions that part the world. 

“Our relations with the United States and, course, with Canada have for 
great number years been even closer, and need hardly remind you the 
several occasions upon which visits have been exchanged between members 
our Institutions. are proud count among our members number 
eminent engineers these two countries, and trust that the co-operation 
between engineers this country and the American continent may grow 
time goes on.” 


The “Second Ballot for Official Nominees” was canvassed August 15th, 
1922, resulting the nomination Baldwin, Am. E., for 
Director from District No. Mr. Baldwin died June 26th, 1922, and 
the Secretary wrote each member the Board Direction August 16th, 
1922, notifying him that fact, and that petition had been received from 
132 members resident District No. requesting the Board substitute the 
name Theodore Condron, Am. Soc. E., for that Mr. Baldwin. 
With this letter was enclosed form ballot filled out and returned for 
canvass the Intermediate Meeting the Board held August 28th, 
1922. This action was taken because the Constitution provides that list 
“Official Nominees” shall mailed the Corporate Membership not later 
than the first day October, and the Board will not meet until October 2d, 
1923. 

was reported that these ballots have not yet been canvassed, the fol- 
lowing letter, dated August 26th, 1922, questioning the procedure, was received 
from Director 


“My pear Mr. ballot for nominee fill the vacancy the 
eighth district the list ‘Official Nominees’ opinion not legal. The 
Constitution provides for the selection nominees fill vacancies the 
Board Direction. 

“The Board Direction, therefore, the only body that can authorize 
ballot for this purpose; since the Board does not meet for the transaction 
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business until October 2d, 1922, the ballot canvassed August 28th, 
unauthorized the Board. 

“The list ‘Official Nominees’ can mailed the corporate mem- 
bership the Society October with note stating that the result 
the action the Board Direction filling the vacancy caused the death 
Mr. Baldwin will communicated the members immediately after 
its meeting San Francisco, Calif., October 2d, 1922. 

“This matter brought your attention the Secretary the Board 
Direction.” 


“Very truly yours, 
HuMPHREY.” 


was further reported that legal advice had been sought the matter and 
the following letter, dated August 30th, 1922, was presented from Messrs. 
Parker and Aaron explaining that the matter can properly passed the 
Board its meeting October 2d, 1922, and that the requirements the 
Constitution that the list official nominees should sent out Ocio- 
ber directory rather than mandatory. 


West 39th Street, New York City. 


beg acknowledge receipt your letter August 29th, 
1922, enclosing copy letter the Secretary the members the Board 
Direction, dated August 16th, 1922, and also the letter Mr. Richard 
dated August 26th, 1922. 

summarize the facts gather them from your enclosures 
ollows: 


“Tn the canvass August 15th, 1922, the second ballot for official 
nominees for directors, that Baldwin received the 
greatest number votes candidate from District No. Mr. Baldwin died 
June 26th, 1922. August 16th, 1922, letter was sent the Secretary 
each the members the Board Direction requesting each member 
the Board ballot for another nominee for the office Director from Dis- 
trict No. the official nominee place of. Mr. Baldwin. 

“Your communication does not disclose whose authority direc- 
tion the letter August 16th, 1922, was sent out. No-action was taken 
the subject so-called intermediate meeting the Board Direction held 
August 28th, 1922; and the ballots sent out with the letter August 16th 
have been canvassed, but proposed canvass them meeting 
the Executive Committee held September 6th, 1922, and send 
out the name the person found have received the greatest number votes 
members the Board Direction the ‘official nominee’ for Director 
from District No. 

“Mr. Humphrey raises the point that the Board Direction the only 
body that can authorize ballot select such ‘official nominee’, and that 
the next meeting the Board Direction which such matter can 
attended the.second day October, 1922. 

“You ask our opinion two questions: 

“Would the letter ballot which taken, but not canvassed, canvassed 
the Executive Committee September 6th, enable the Executive Committee 
legally declare the person having the greatest number votes such 
‘eanvass the ‘official nominee’ for from District No. and 
justify the inclusion his name the list official nominees sent 
the first day October every corporate 
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“You ask further that the letter ballot were invalid, the 
Executive Committee such could, its meeting September 6th, exercise 
the power the Board Direction select such 


“Taking first the matter the ballot vote the members the Board 
Direction, make general observation that matter strict legal 
practice the Direction Trustees cannot take binding legal action 
individual letters written the members. The Board Direction, like 
ordinary business Board Directors business corporation, must act 
meeting and person. They may not act proxy nor mail vote. 
find nothing your Constitution By-Laws that exempts your Board 
Direction from the usual requirements governing the action Boards 
Trustees Directors. are, therefore, opinion that the letter ballot 
the Board Direction not legal method fulfilling the requirements 
your Constitution that the selection the nominee shall the Board 
Direction. This contemplates that the Board shall meet, confer, exchange 
views, and vote, only those present being entitled have their votes counted. 

“With respect the second question: may well that the Board 
Direction might have empowered the Executive Committee act such 
matter the designation ‘official nominees’, where that duty was otherwise 
imposed upon the Board Direction. us, however, that the resolu- 
tion January 19th, 1922, hardly broad enough-to confer such author- 
ity upon the Executive Committee. Their duties are first, routine matters, 
and second, emergency matters. Inasmuch the matter the election 
Director will not come before the Society for action until January, 
there immediate emergency the affairs the Society justifying the 
Executive Committee assuming duties otherwise not delegated them. 
our opinion, the matter can properly passed upon the Board Direction 
its scheduled meeting October 2d, 1922, and the nominee there selected 
may that day sent out the membership. The requirements the 
Constitution that the list official nominees should sent out October 
1st what the lawyers directory rather than mandatory. That is, the fact 
that the list was sent out hours later would not make any respects 
illegal. simply convenient date for the purpose giving ample oppor- 
tunity the electorate become familiar with the names the nominees 
before deciding whether they wish file independent nominations. The 
course suggested Mr. Humphrey the third paragraph his letter would 
legally valid and correct; would, however, save separate mailing 
send the list and supplemental slip with the additional name out the 
even the 3d, which could done without creating condition that 
would make the nominations invalid. 


“Very truly yours, 
AND AARON.” 


After discussion, was decided ask the Board safeguard future situa- 
tions delegafing authority this Committee act similar emergency 
after has canvassed letter-ballot vote the Board the matter. 

The Secretary was instructed have the ballots question hand the 
meeting the Board October, 1922. 

Past-President Webster left the meeting 4:10 

The Secretary addressed the Committee regard securing publicity for 
the Society, and explained his ideas the subject. 

definite action was taken, but was suggested that the Secretary see 
various well-known men this line and ascertain ways and means accom- 
plishing the desired end. 

President Freeman here letter had just received from David 
Rushmore, Am. Soc. E., against the licensing engineers, matter 
was discussed, but action taken. 
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The Secretary presented his proposed itinerary visits the Local Sec- 
tions route to, and returning from, the San Francisco Fall Society Meeting, 
and reported that planned start September 18th, 1922. This itinerary 
was heartily approved the Committee. 

letter was presented, dated August 18th, 1922, from Mr. Dunlop, 
Organizing Director the World Power Conference held 1924 
the British Empire Exhibition, explaining that has been arranged hold 
the first World Power Conference during the Exhibition the summer 
1924. The general scheme set forth booklet which Mr. Dunlop sent, and 
stated that would grateful for any assistance rendered. called 
attention the list distinguished gentlemen who have consented serve 
this connection and stated that was already touch with the American 
Institute Electrical Engineers and was writing the Mining Engineers, the 
Mechanical Engineers, and the Power Club. 

The Secretary was instructed consult with the Secretaries the other 
National Societies this matter. 

Reference was had the letter from Stephen Child, Am. E., 
addressed President Freeman concerning ‘the establishment clearing 
houses civic improvement all over the world, which the Board its meet- 
ing June 20th, 1922, referred this Committee with power. 

was decided Nelson Lewis, Am. Soc. E., this 
connection. 

invitation represented Joint Committee the Delamater- 
Ericsson Historical Collection was received. 

letter August 9th, 1922, was presented from Chairman Porter 
this Committee, enclosing statement, National Engineering Museum”, 
explaining that had secured the consent the American Society Mechan- 
ical Engineers join and was now asking the other Societies unite 
endorsing the project. The letter continued: 


desire make this National movement which every engineer 
the country will participate and trust that shall secure the engineers 
your field through yaur interested activity. 

“As other Societies join the movement they will represented our 
Committee whose title will modified appropriately and whose scope will 

“Of course, cannot foretell what financial policy such re-organized 
Committee will adopt, but present not contemplated that the constituent 
Societies will more than endorse the movement and propaganda 
for its popular and private subscriptions. 

“We should appreciate your appointing your early one 
more répresentatives to,take this matter with that can get the 
movement under way soon possible.” 


motion, duly seconded and carried, the President was authorized 
appoint representative attend meeting the subject and report back. 

the meeting the Board Direction held April 3d, 1922, pro- 
posed amendment the Constitution regarding the compounding dues 
was reported. The Board referred the matter the Executive Committee and 
its meeting April 18th, 1922, the Executive Committee laid the matter 
the table. 

(At the Board June 20th, 1922, Director Humphrey 
stated informally that thought this should taken off the table.) 

letter August 14th, 1922, from Edward Howe, Am. 


addressed the Executive Committee was presented suggesting amend- 
ment. to. Section Article the Constitution, covering fees for com- 


pounding dues. The letter also encloses letter written Mr. Howe Peter 
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Junkersfeld, Soc. E., Chairman the Committee Referred 
Amendments, dated April 18th, 1921, with enclosures relating the same 
matter. 

The Secretary was instructed reply Mr. Howe explaining that this 
matter was previously laid the table was felt that the new Constitu- 
tion should not amended for least year, and that his communications 
would filed for future attention. 

order facilitate the work the office, was suggested that the 
Executive Committee pass resolution providing that the Preliminary Lists 
which members the Board indicate the classification applicants for 
admission should returned two weeks prior the Board Meeting when 
the meeting held outside New York City and one week prior the Board 
Meeting when the meeting held New York City. 

The Secretary requested authority disregard Preliminary Lists received 
from Board members after that date. 

motion, duly seconded and carried, this request was adopted. 

1921, the Board authorized the issuance cards Juniors certifying 
their membership the Society. The resolution provided that these cards 
should not sent Juniors arrears dues. has been found practice 
somewhat difficult handle, and was suggested that hereafter the Secretary 
instructed forward cards all Juniors the first each year. 

motion, duly seconded and carried, this suggestion was adopted. 

was reported, for the record, that President Freeman had appointed 
Messrs. Baxter Brown, Frank Jonah, and Rolfe, Committee 
prepare the memoir the late Robert Moore, Past-President, Am. Soc. 

was reported, for the record, that telegram condolence dated August 
1922, had been sent Mrs. Alexander Graham Bell, signed the Secre- 
taries the four Founder Societies, and Secretary Flinn the United Engi- 
neering Society, expressing sympathy the death Dr. 

was reported that, under date August 9th, 1922, Sabin, Assoc. 
Am. E., had written President Freeman, outlining plan for the 
publication journal engineering abstracts, and copy this letter was 
ordered sent each Director. 

This matter come the next meeting the Board with the ap- 
proval this Committee. 

Advertising Proceedings was discussed, and was decided refer this 
matter the meeting the Committee Technical Activities and Publica- 
tions, held October and 3d, 1922, San Francisco, Calif. 

was reported that the biographical records Official Nominees for 
Offices filled the coming Annual Meeting had been received and edited 
the office and their publication the October Proceedings was 


Director moved that the recommended increase the Budget 
$17 716.34, approved, which was seconded Director Yates 
and 

Past-President Talbot inquired several items the Budget, which the 
Secretary explained. 

Director Humphrey moved and Vice-President Grunsky seconded the 
motion, which was carried, that the suggestion holding two general meetings 
the Board instead four not approved. 

regard the recommendation amend the present mileage 
Humphrey, Pegram, and Ridgway. 
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motion Director Humphrey, seconded Director Chester and 
was decided make change the existing regulation for 
mileage for Directors and members Committees. 

Vice-President Ridgway reported, Secretary the Alfred Noble 
Memorial Committee, that Hugh Cooper, Am. Soe. E., had resigned 
member that Committee, and that Chairman Rea had suggested that 
Waldo Smith, Am. Soe. E., appointed Mr. Cooper’s successor. 

motion Director Humphrey, duly seconded and carried, the President 
was empowered appointment. 

Recess was taken for luncheon 12:30 


The Board reconvened 1:35 M., with the same attendance the 
forenoon. 

Director Humphrey called attention the matter compounding dues 
which was laid the table the Executive Committee, and asked that 
that Committee comply with the request the Board report the matter. 

The approval minutes meetings was resumed. 

The corrected minutes the meeting the .Executive Committee 
September 6th, 1922, were approved. 

The informal recommendation made the meeting the Board 
August 28th, 1922, for reconsideration the decision made the meeting 
June 19th, 1922, with reference facilitating the work applications, con- 
sideration which had previously been postponed, was taken up. 

This matter was fully discussed Messrs. Chester, Davis, Hogan, Hoyt, 
Humphrey, and Wall. The wisdom having Directors scan and report only 
applications within their Districts was considered, and the previous report 
Vice-President Wall’s Committee the matter was discussed. 

Director Hoyt made the following motion, which was duly seconded and 
carried: 


“That copy the original report sent the members the Board 
and that the Secretary asked make study and send out state- 
ment from the standpoint the Secretary’s office, time for taken 
the next meeting.” 


The following further motion made Director Humphrey, and seconded 
Director Yates, was carried: 


“That the sense this Board that each member the Board shall 
hereafter scan all the names the Preliminary Lists and report thereon.” 


Vice-President Wall retired from the meeting. 


CoMMITTEE LICENSING ENGINEERS 


Director Humphrey, the Committee Licensing Engineers, addressed 
the Board, and discussion this subject was participated Messrs. Ander- 
son, Brown, Chester, Davis, Freeman, Grunsky, Henny, Hogan, Holland, 
Huber, Hudson, and Talbot. 
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motion Director Hogan, seconded Past-President Davis and 
ried, the Committee Licensing Engineers was instructed bring report 
the next meeting. 


QUESTION JOINING THE FEDERATED AMERICAN ENGINEERING SOCIETIES 


The question joining the Federated American Engineering Societies was 
taken up. 


Director Humphrey moved: 

“That the sense this meeting that the Society join the Federated 
American Engineering Societies.” 

This motion was seconded Director Brown, and extended discussion was 
participated Messrs. Anderson, Brown, Chester, Davis, Grunsky, Henny, 
Hogan, Holland, Hoyt, Hudson, Humphrey, Pegram, Ridgway, Talbot, and 
Winsor. 

Former Acting Secretary Chandler’s letter, previously presented, was men- 
tioned, and the financial aspect was considered with particular reference 
the amount funds assigned Local Sections, and the possibility postpone- 
ment until the January, 1923, meeting when there would fuller knowledge 
finances for next year and possibly other methods proposed for raising 
money. 

Director Humphrey further moved: 

“That his motion made the order business the January meeting 
the Board.” 

This motion was seconded Director Henny, and carried “aye” 
and “no” vote. 

Director Humphrey then offered the following motion: 


“That this Board sympathetic joining the Federation when financial 
and other conditions permit.” 


Director Hudson asked for roll-call this. After dis-. 
cussion, this vote was taken with the following result: 

“Ayes” (12): Messrs. Anderson, Brown, Chester, Darrow, Davis, Dyer, 
Freeman, Grunsky, Henny, Hoyt, Humphrey, and Talbot. 

“Noes” (8): Messrs. Hogan, Holland, Huber, Hudson, Pegram, Ridgway, 
Winsor, and Yates. 

The Board récessed 5:10 meet 10:50 M., Membership 
Committee. 


The Board reconvened 10:50 M., with the same attendance the 
afternoon. 

The report the Membership Committee was presented. 

motion, duly seconded and carried, the this Com- 
mittee, which were not read, were adopted the action the Board. 

the Headquarters the Society. 
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THE SOCIETY 


[Society Affairs. 


November Ist, 1922.—The meeting was called order 8:05 M.; 


President John Freeman the chair; John Dunlap, Secretary; and 


present, also, 153 members and guests. 


The minutes the meeting October 4th, 1922, were approved printed 


Proceedings for November, 1922. 


The Secretary announced the election the following candidates Octo- 


ber 2d, 1922: 


MEMBERS 


ALBERT, Dayton, Ohio 

Epwarp Bartow, Iowa City, Iowa! 

Henry Craco, Duluth, Minn. 

Dorron, University, Miss. 

Etspass, Lakewood, Ohio 

Roy Victor Enestrom, Wheeling, Va. 

Epwarp THEODORE GRANDLIENARD, Philadelphia, Pa. 
WALTER HEBBLEWHITE, Evansville, Ind. 
BENJAMIN FRANKLIN Hilo, Hawaii 
Sheffield, England 

Otis Cedar Rapids, Iowa 

Victor Mann, Rolla, Mo. 

Lewis Mayer, York, Pa. 

Henry Morey, Lincoln, Nebr. 

JULIAN CLEVELAND Montreal, Que., Canada 
Ora Edwardsville, Kans. 


MEMBERS 


Harmon Wisconsin Rapids, Wis. 


JAMES Chester, Pa. 
JOHN SAMUEL Atlanta, Ga. 


FarnswortH Baker, Westport, 


Tra Atchison, Kans. 

Owen Los Angeles, Calif. 
ATWELL Pittsburgh, Pa. 
Harrison Birmingham, Ala. 
ALEXANDER Davis Brooklyn, 
Boyp Davis, New Orleans, La. 

Erik West Duluth, Minn. 
Jr., Council Bluffs, Iowa 
Fuston, Dallas, Tex. 

Merritt Greer, Duluth, Minn. 

Harry Hart, Shanghai, China 
Perit Minneapolis, Minn. 
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Picton, Nashville, Tenn. 
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Jr., Chambersburg, Pa. 

Lewis, Birmingham, Ala. 

Norman Topeka, Kans. 

Hiram Pappock, New York City 

Ft. Thomas, Ky. 

Ramp, New Martinsville, Va. 
Rascu, Baltimore, Md. 

Ray Manila, Philippine Islands 
CHARLES Morrison Wauwatosa, Wis. 
Harmon Dayton, Ohio 

Bayarp Francis Snow, Seccondee, Gold Coast, West Africa 
Howarp Snyper, New York City 


Maynarp STEERE, Radersburg, Mont. 
Epwin Seattle, Wash. 

Tuomas, Stanford University, Calif. 
Mare Island, Calif. 


ALLEN, Cincinnati, Ohio 
Epwarp New Haven, Conn. 
Fort Worth, Tex. 
JAMES JR., Verona, Pa. 
Davis, Berkeley, Calif. 
JOSEPH Cincinnati, Ohio 
Curtiss Waban, Mass. 
Henry San Francisco, Calif. 
FRANKLIN Kansas City, Mo. 
Hutt Pasadena, Calif. 
Grant Lenox Miner, JR., Richland Center, Wis. 
Hersert Aucustus Lawrence, Kans. 


Fenton Sarvis, Cincinnati, Ohio 
Oscar Century Stupp, St. Louis, Mo. 

Los Angeles, Calif. 
FRANKLIN TuRNER, Russellville, Ark: 


| | 
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The Secretary announced the transfer the following candidates Octo- 
ber 3d, 1922: 


From MEMBER MEMBER 


ALEXANDER ACKERMAN, Corozal, Canal Zone, Panama 
TOWNSHEND CHEVALIER, Brooklyn, 
Davis, Tuscaloosa, Ala. 
Epwin Leroy Manila, Philippine Islands 
Garrett Epwarps, Ennis, Tex. 
Epcar Dow Cincinnati, Ohio 

Manton Hannan, Waco, Tex. 

JAMES Harvey, Santa Fe, Mex. 

MacLean Lewis, New York City 

JAMES Lone, Norristown, Pa. 

Brooxs Morris, Pasadena, Calif. 

Everett Murray, Washington, 

Harry Preston, New York City 

Dennis Bozeman, Mont. 

JoHN REVELL, Fort Collins, Colo. 

Montreal, Que., Canada 

Toner, Pittsburgh, Pa. 
South Bend, Ind. 
Lytron Iowa City, Iowa 
WILEY, West Lafayette, Ind. 


From AFFILIATE MEMBER 


Epwarp JoHN MEHREN, New York City 


From Junior MEMBER 


CLARENCE Baltimore, Md. 
Lewis Stanton, Minneapolis, Minn. 
CorNELIUS VAN Lansing, Mich. 


The Secretary announced the following deaths: 


CHAMBERLIN, Fort Worth, Tex., elected Member, Octo- 
ber 5th, 1904; died July 14th, 1922. 

New York City, elected Junior, March 7th, 
1883; Member, December 1886; died October 9th, 1922. 

Henry McCann, Hoboken, J., elected Member, April 2d, 
1890; died October 25th, 1922. 
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Harrisburg, Pa., elected Associate Member, May 
6th, 1908; Member, March ist, 1910; died October 27th, 1922. 

Frank SHERMAN New York City, elected Member, Novem- 
ber 7th, 1888; died October 9th, 1922. 

Cresson, Jr., Am. Soc. E., Chief Engineer the Port New 
York Authority, addressed the meeting Rapid Survey Important 
European Inquiry into the Lessons Drawn from Them”, 
illustrating his remarks with lantern slides. 

The meeting was then opened for discussion, which was participated 
Col. Edward Burr, Corps Engineers, Army, and Messrs. Charles 
Turner, and Nelson Lewis. 

Adjourned. 


SAN FRANCISCO, CALIF., MEETING 


October 4th, 1922.—The First Session the Fall Meeting the Society 
was called order M., the Palace Hotel, San Calif.; 
President John Freeman the chair; John Secretary and 
present, also, 368 members and guests. 

President Freeman introduced John Britton, Am. Soc. E., 
Vice-President and General Manager the Pacific Gas and Electric Company, 
who ‘presented address 

President Freeman the extended Mr. Britton. 

The Symposium “The Water Power Problem” was opened Arthur 
Davis, Past-President, Am. Soc. E., who presented paper “The Colorado 
River illustrating his remarks with lantern slides. Mr. Davis 
was followed John Hogan, Am. E., whose subject was “Present 
Tendencies Water Power Development New York Mr. Hogan 
also illustrated his remarks with lantern slides. paper Osear Merrill, 
Am. E., entitled “The Operation Federal Water Power 
was presented the author. 

The papers were followed oral discussions the subjects Messrs. 
Lippincott, Jarvis, and Henny. 

Past-President Charles Marx took the chair. 

Announcements relative excursions, were made Secretary Dunlap 
and Markwart, Am. Soc. E., Chairman the Committee 
Arrangements. 


October 4th, Second Session the Fall Meeting was called 


order M.; President John Freeman the John Dunlap, 
Secretary; and present, also, 252 members and guests. 


See 710. 

See 711. 

Proceedings, Am. Soc. E., November, 1922, 

Loe, cit., 1758. 
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continuation the Symposium “The Water Power Problem”, 
Gerard Matthes, Am. Soc. E., presented paper entitled “Aerial 
Photography Aid Map Making, with Special Reference Water Power 
Surveys”,* which illustrated with lantern slides. The subject was discussed 
Messrs. Tibbetts, who also illustrated his remarks with lantern slides, 
Louis Hill, and Birdseye. 

brief address presenting data the design, development, and operation 
hydro-electric plants the United States, which have been collected the 
Geological Survey, was made Hoyt, Am. E., after 
which film entitled Story Water”, was shown illustrate the methods 
used the Geological Survey this work and the application the 
results. Moving pictures showing the development and construction the 
National Power Highways the East, which were prepared under the direction 
the Highway Engineers Bureau Public Roads and the De- 

Secretary Dunlap and Mr. Markwart made further announcements relative 
various matters connection with the meeting. 


Adjourned 9:30 M., meet again October 5th, 1922, 


October 5th, 1922.—The Third Session the Fall Meeting was called 
order M.; President John Freeman the chair; John Dunlap, 
and present, also, 346 members and guests. 

continuance the Symposium “The Water Power Problem”, 


Frederick Fowler, Assoc. Am. E., presented paper “Water 
Power Potentialities the Coast”. Mr. Fowler was followed John 
Galloway, Am. Soc. E., whose paper “Hydro-Electric Developments 
the Pacific Coast”,+ was illustrated with lantern slides. 

These papers were followed oral discussions the subject Messrs. 

paper Mr. Peek, Jr., Engineer, General Electric 
Company, Pittsfield, Mass., entitled “High-Voltage Power 
was presented the author with the aid lantern slides and film. Mr. Peek 
was followed Harris Ryan, Professor Electrical Engineering, Leland 

tanford Junior University, whose paper “High-Voltage Phenomena En- 
countered Power Transmission”,§ was also illustrated with lantern slides. 
These papers were followed oral discussion the subject Mr. 
Jollyman. 

paper Dennis, Am. Soc. E., and Barre, Executive 
Engineer, Southern California Edison Company, Los Angeles, Calif., entitled 
“Growth the Use Electric Power Southern California and Probabilities 
Its Future Growth with Reference Sources was 
presented Mr. Dennis. 

See Papers and Discussions, 1824. 

Loc. cit., 1846. 

Proceedings, Am. Soc, E., November, 1922, 1766. 


See Papers and Discussions, 1859. 
Loc. cit., 1865. 
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the absence Charles Loweth, Am. E., Secretary Dunlap 
presented the conclusions his paper entitled Power Develop- 
ment Related Electrification Railroads”.* 

Announcements relative badges, registration, were made Thomas 
Means, Am. E., the Local Committee Arrangements, and 
Secretary Dunlap. 


Adjourned. 


EXCURSIONS AND ENTERTAINMENTS 
SAN FRANCISCO, CALIF., MEETING 


The arrangements for the Fall Meeting were made Local Committee, 
Tibbetts. With this beginning, much larger General Committee was organ- 
ized, and numerous Sub-Committees were appointed, make the meeting 
success. The Sub-Committees consisted the following: 

Binkley, assisted Mr. Eckart. 

Registration and Monroe, Chairman, and Lee 
Murphy, assisted Messrs. Lutge, Burkhead, and Roy Cook, and 
Mrs. Charles Jackson. 

Publicity—Mr. Nathan Bowers, Chairman, with details Mr. Howard 
Hanvey the Publicity Organization. 

Bumsted. 

Ladies Entertainment.—Miss Clotilde Grunsky. 

very effective system was developed for handling the work registra- 
tion. Four attendants, provided the Local Section, were Registration 
Headquarters daily, and decisions about trips and the dissemination infor- 
mation generally was aided fourteen pieces circular and descriptive 
matter for distribution, follows: 


containing general information for members and guests (San 
Francisco Section) booklet the Yosemite Valley (National Park Service) 
“Greeter’s Guide San Francisco” for September, 1922; “California Develop- 
ment”, August, 1922 (California Development Association); showing 
transmission lines California (Pacific Gas and Electric Company); The 
Peninsular Excursion Automobile Road Mapt (California Automobile Associ- 
ation); “Aims and Activities the American Society Civil Engineers” 
(Parent Society); Pacific Service Magazine for September, 1922 (Pacific Gas 
and Company); General Electric reprint issue March, 
1922, containing two articles, “The Future Power Demand California” and 
“Financing the Biggest Job Facing California”; reprint+ from Journal 
Electricity and Western Industry, descriptive Pit River Project; foldert 
information the Hetch Hetchy Project (M. O’Shaughnessy, Am. 
Soe. E.); mapst for the Don Pedro trip, and general information the 
Don Pedro Development; list reprint from 
Engineering News-Record September 21st, 1922, Hetch Hetchy Dam. 


Dinner for Board Direction—On Tuesday evening, October 3d, the San 
Francisco Section gave dinner the members the Board Direction, 


See Papers and Discussions, 1872. 
Printed especially for the Fall Meeting. 
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which was attended members and guests. Mr. Markwart, Chairman 

the Local Committee Arrangements, acted Toastmaster and called for 
brief talks from President John Freeman, Past-Presidents George 
Pegram, Talbot, and Arthur Davis, and Messrs. Derleth, Jr., 
and O’Shaughnessy. 

Peninsula Automobile Wednesday afternoon, October 
4th, the Committee Arrangements had planned automobile excursion 
for the visitors. Thirty members the San Francisco Section brought their 
automobiles the Palace Hotel providing ample room for the 176 
guests who took the trip. This excursion covered about 100 miles San 
and vicinity. The route lay past points interest the city, 
such Twin Peaks Tunnel, the summit Twin Peaks, the ocean boulevard, 
Golden Gate Park, thence down the San Peninsula, through the 
suburban towns and past the Spring Valley Lakes, Pulgas Tunnel, and, 
finally, Leland Stanford Junior University, where welcome the Faculty 
and light refreshments charge the Student Chapter awaited the visitors. 
The party returned the Palace Hotel time for the evening program. 

Entertainment for the the meetings were session, the 
wives the members attendance were entertained committee ladies 
representing the San Francisco Section. Individuals and small groups were 
taken shopping tours, visits Chinatown, the Cliff House, the campus 
the University California, and other near-by points interest. 
Miss Clotilde Grunsky, Chairman, and the friends assisting her, the 
ladies owe great debt gratitude. 

Mt. Tamalpais Trip—The Thursday afternoon, October 5th, 
consisted trip Mt. Tamalpais, across the Golden Gate 
Sausalito, and thence train the mountain. The weather was 
fine and the party enjoyed delightful outing, the Palace 
Hotel time for the Dinner and the Smoker. 

Dinner and dinner and smoker Thursday evening was 
attended 313 members and guests. President John Freeman acted 
Toastmaster, and paper* Charles Marx, Past-President, Am. E., 
entitled “Social and Aspects Power”, was pre- 
sented the author. Short addresses were made Messrs. George 
Anderson, Grunsky, and John Britton. meeting adjourned 
shortly after M., time for those attendance take the special train 
for the Hetch Hetchy Excursion, leaving 

Hetch Hetchy 126 members and guests could accom- 
modated the Hetch Hetchy Excursion, but more than this number had 
registered for the trip. was possible make this excursion between Thurs- 
day evening, October 5th, and Sunday morning, October 8th, the use 
special Santa train and the right way not only along the Hetch Hetchy 
Railroad, but also over the various features the project. The work the 
dams, tunnels, power houses, penstocks, was the height construction 
activity. The fact that several the early pioneers the Hetch Hetchy 


Proceedings, Am. E., November, 1922, 1781. 
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Project, namely, Messrs. Freeman, Grunsky, Marx, and Greene, were among 
the visitors, added interest, particularly the after-dinner talks Mr. 
O’Shaughnessy and others, the purpose and progress the work. 

The mountain scenery and the long rides through the forests perfect 
October weather combined make ideal outing. The guests obtained 
true conception the magnitude the work when they made trips into the 
tunnels flat-cars, were lowered skip from overhead cableway into 
the canyon where the dam under construction, and otherwise came into close 
personal touch with the diversified activities. The thrill the trip, however, 
was the 500-ft. ride down Early Intake Incline which drops 700 ft., with 
maximum slope per cent. 

Saturday afternoon, October 7th, when members separated from 
the main Hetch Hetchy party Mather, start the side trip Yosemite, 
there was prolonged cheering and degree enthusiasm that marked this 
excursion fitting climax one the most successful meetings the 
history the Society. 

Attendance.—There were 325 members the Society attendance the 
Fall Meeting. addition, ladies, guests, and members Student Chapters 
inereased the registration 633. The students attendance included 113 
members the Student Chapter the Society the University California, 
and members the Student Chapter Leland Stanford Junior University. 
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ADDRESS WELCOME THE FALL MEETING THE 
SOCIETY, SAN FRANCISCO, CALIF., OCTOBER 4ru, 1922 


Mr. Chairman and Members the American Society Civil Engineers: 
behalf the State California, and particularly the City San Fran- 
cisco, bid you most hearty and cordial welcome. your travels within 
this State, you will find evidences the work accomplished your predeces- 
sors. You will find much yet done that character and type work 
that you, the pioneers civilization, will notice. 

About the time the American Society Civil Engineers came into ex- 
istence, some years ago, this State was mecca for those seeking only 
wrest from its soil the gold which had been hidden there for ages. that 
search for gold, the skill those men constructive engineering was shown. 
them, the mountains had terrors; gorges, gouged out the ancient 
glaciers, were places for the conservation water; granite cliffs and deep 
canyons were places for the construction flumes and ditches. To-day, 
from the summit the Sierras the fertile valleys, works that character 
exist, which bear the lasting impress the skill and science exhibited the 
civil engineers thosé days. 

During the last years, many changes have occurred. From the days 
the red-shirted miner, the care-free and pleasure-loving population, has 
come change stable, reliable, energetic, and forceful people, and the days 
gold have been forgotten. The days constructive engineering have taken 
their place, and although much has been done for which Californians are 
proud, much more remains done. Engineers are needed now, and will 
always needed, for the fuller development the great possibilities the 
future California. 

Civil Engineering originally embraced all classes engineering, until 
civilization, its marvelous growth, demanded specialization. Therefore, 
civil engineers, you will, sure, interested brief recital devel- 
opments this State. Owing the long period drought after the run-off 
the snows the Sierras has taken place, particular attention has had 
given the construction dams for the conservation flood waters, and 
the construction reservoirs for the establishment permanent water sup- 
plies the rapidly growing cities and towns. 

Although the old days hydraulic mining have the soil the 
foot-hills still holds untold measures gold, and, to-day, great gold dredges 
are operation. bridges spanning the canyons, and the construc- 
tion highways, and the railroads through the mountains, are reflected 
examples engineering unequaled anywhere. Last, but means least, 
hydro-electric development, this State leads the world. the City San 
Francisco, the first central station was constructed and placed operation, 
generating electrical energy steam power. 


Vice-Pres. and Gen. Mgr., Pacific Gas Elec. Co., San Francisco, Calif. 
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The first hydro-electric plant for commercial purposes was placed service 
this State, also the first long-distance, high-tension, transmission line and 
the longest high-voltage submarine cables. Until recently, received credit 
for the largest span aerial cables carrying high-tension energy; and 
possess the most powerful single discharge turbine and the most powerful 
high-head water turbine the world. 

Time will not permit further detail the engineering accomplishments 
this State. Therefore, this land promise, endeavor, and accomplishment, 
this city undaunted fire and earthquake, rising superior it, the 
greater accomplishments the Panama-Pacific International Exposition, 
the contribution men and money the winning the World War, this 
State stands supreme. presents the greatest possibilities for the studies 
the problems power, transportation, and industry, which will lodestone 
attract the best the minds engineers. Welcome, therefore, this city, 
and may your pleasure and profit this visit exceed your utmost expectations. 


REPLY ADDRESS WELCOME THE FALL MEETING 
THE SOCIETY, SAN FRANCISCO, CALIF., OCTOBER 1922 


Mr. Britton, want say that appreciate your words welcome. 
might add that are inspired and look forward the joy this meeting. 
stranger your city; have made many trips here, and frank 
confess that when first became acquainted with your delightful shores, 
always felt and maintained the idea that, ultimately, this city might 
home. think the same thought held every one here. not only are 
much impressed with the natural beauties this great State, its climate, 
vision, and inspiration, but also with the dominant and aggressive spirit 
its people. 

was forcibly impressed, Mr. Britton was speaking, with the pioneer 
work done this State which are all the beneficiaries, the great 
pioneers, and particularly their energy and courage. have only mention 
few developments, such the Pelton water wheel, the San Mateo Bend, 
the first the large concrete structures, the railroads, the civic center, and 
many other highly developed points this State wherein you have the good 
fortune dwell. Nowhere has such foresight and ingenuity been shown and 
displayed that the early pioneers the effective and beneficial work 
steel pipes. remember that Clemens Herschel, Past-President, Am. Soc. 
who was the first have charge the building the water-works 
the East Jersey Company, asked permission the Board Directors make 
trip California order study the methods and practice vogue 
regard steel pipes, especially the emergency factors safety pertaining 
thereto and the benefits derived only the conditions were carefully 
studied. Throughout the pioneer work the Profession, the remarkable 
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minds your workers have demonstrated what they could do, for which 
are all your debtors. 

was much impressed the visit the Pit River Power Plant, 
thinking the developmment power during own short life. now 
nearly fifty years since the engineers one the water power companies 
New England installed what was then considered the largest water power 
project. those days, Lowell and Lawrence, Mass., were great water power 
centers. fact, they were the greatest water power centers the world, 
having 150 turbines, which, altogether, developed about The single 
unit which the Pacific Gas and Electric Company started operation, 
Pit River September 30th, 1922, develops more power than the 150 turbines, 
combined, Lowell and Lawrence. showing the advancement and progress 
engineering, the deyelopment the water-power problems, the bringing 
those great powers mankind, was interesting hear the statement that 
that great plant would cared for only three men, which contrast 
the great number required each shift, for the 150 turbines previously 
mentioned. also think that your transmission lines, and many matters 
which the engineer has supervise and build, you have been the pioneers 
and have demonstrated what courage and energy might for the sake 
mankind. 

The topic for discussion this meeting, appropriately, has been taken 
“The Water Power Problem”. think that one the most eloquent and in- 
structive addresses, President the Society, that ever heard, was that 
made the late George Morison about thirty years ago.* philosophic 
vein, traced the growth manufacture and industry, primarily, the 
development water power and its allied and contributory advantages placed 
the hands mankind throughout the world. There available some inter- 
esting statistics and facts that subject. The design the great plant 
which was recently visited—the Pit River Power Plant—and the important 
relation plant bears civilization and progress, and the horse- 
powers per unit which forcibly tended bring mind its great possibilities, 
makes one realize what can done for industries when they are supplied with 
modern equipment. Again, considering this modern service, could not help 
but think also conditions observed them China and Korea, where 
the power man served for manufacturing and industrial activities, men 
turning rice mills and towing boats, and that unnecessary waste human 
energy that might better turned into other channels. 

sure shall all learn great deal this meeting and think 
can state that engineers already have learned great deal from your practices 
water power development. Perhaps you will interested know that 
with the exception New York State, California has more members the 
American Society Civil Engineers than any other State. 

thank you, Mr. Britton, for this sincere and hearty welcome, and, 
closing, might say, particularly these young men, that have had the 


pleasure your acquaintance for many years and have learned much about 


Transactions, Am. E., Vol. XXXIII (1895), 467. 
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your work. believe that man the United States can look back 
prouder record the confidence his fellow men and the loyalty his 
whole organization, the Pacific Gas and Electric Company. have been much 
touched with what have heard past years and the confidence with which 


the whole public regards the spirit, endeavor, and effort that great public 
corporation. 
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SPECIAL COMMITTEES REPORT ENGINEERING SUBJECTS 


Special Committee Irrigation Hydraulics 
(Abstract) 


October 4th and 5th, 1922.—Meetings the Special Committee Irriga- 
tion Hydraulics were held the Engineers Club, San Francisco, Calif., 
October 4th and 5th, 1922. Present, Henny (Chairman), Samuel Fortier, 
Etcheverry, Franklin Thomas, Stuart Sims, Stevens, and Fred 

motion, duly seconded, Mr. Stevens was chosen Secretary. 

During informal discussion, Mr. Henny outlined the research work that 
was being carried the Reclamation Service, and suggested that 
close co-operation should exist between the work the Committee and that 
Government and State agencies. Mr. Fortier outlined the work the 
Department Agriculture, the investigation silts the Colorado, Rio 
Grande, and other southwestern streams, flow water steel pipes and 
flumes, Professor Thomas discussed the needs Southern California 
with regard surface and underground storage, and Mr. Stevens mentioned 
the need data regarding conversion losses conduits and outlined plan 
laboratory experiments determine the physical laws governing such 
losses. Professor Sims offered the use the hydraulic laboratory Corvallis, 
Calif., for the experiments outlined Mr. Stevens. 

result this meeting, was decided: 


Messrs. Stevens and Sims outline the Committee definite 
plan for their proposed experiments conversion losses and the laboratory 
facilities for carrying out such experiments. 

2.—That each member send the Chairman November 1922, list 
definite subjects for investigation, that should undertaken the Com- 
mittee and state those which prepared assist. 

3.—That bibliography experimental data prepared the following 
subjects: (a) Evaporation losses from reservoirs; (b) conversion losses open 
conduits; (c) silt problems diversion works and irrigation canals; (d) uplift 
under masonry dams; (e) movement and pressure water under dams and 
other irrigation structures porous foundatiops; (f) hydraulics chutes 
and drops; (g) coefficient discharge head-gate structures with all gates 
fully opened; (h) efficiency siphon spillways; means measuring irriga- 
tion deliveries; and effectiveness linings the prevention seepage 
losses from irrigation canals. 

order prepare bibliography these subjects, the work was 
divided, the members the Committee agreeing list and prepare brief 
abstracts articles these subjects follows: Publications the 
Department Agriculture, Mr. Fortier; publications the Reclama- 
tion Service and Geological Survey, Messrs. Henny and Savage; 
college publications and experiment station bulletins, Professor Sims; 
Minutes Proceedings the Institution Civil Engineers, the Transactions 
the Society, and Engineering (London), Professor. Thomas; India papers, 
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French publications, and textbooks, Professor Etcheverry; Engineering 
News-Record, Mr. Stevens; and complete bibliography the flow water 
steel pipes, Mr. Scobey. 

5.—Those members who were not present the meeting are advise the 
Committee promptly what part the work, outlined, they are prepared 
assist. 


The meeting was adjourned subject the call the Chairman. 


Special Committee Bridge Design and Construction 
(Abstract) 


October 6th and 7th, 1922.—The meetings were called order the 
Headquarters the Society. Present: Seaman (Chairman), 
Harding (Secretary). 

motion, duly seconded, Harding was elected Secretary 
the Committee succeed Mr. Baird, resigned. 

motion, duly seconded, the following resolution was adopted: 

“That the Standard Specifications for Structural Steel for Bridges, Serial 
Designation A-7-21, and the Standard Specifications for Structural Nickel 
Steel, Serial Designation A-8-21, the American Society for Testing Materials 
adopted this Committee”. 

Mr. Hovey presented draft specifications for Section Workmanship; 
Section Shop Inspection; Section Full Size Eye-Bar Tests; and Section 
Weighing and Shipping, which were prepared Sub-Committee 
Messrs. Hovey and Greiner. motion, duly seconded, these specifica- 
tions were adopted the Committee with various changes. 

Section General; Section Loads and Unit Stresses; 
and Section Details Design, modified the June, 1922, meeting 
the Committee, were presented for reconsideration the Secretary, and, 
motion, duly seconded, were adopted with various changes. 

Mr. Kelley, for the Sub-Committee composed himself and Professor 
Ketchum, presented section Live Loads for the Tentative Specifications 
for Steel Highway and Electric Railway Bridges, and, motion, duly sec- 
onded, these Specifications were adopted the Committee with changes. 

motion, duly seconded, was unanimously decided that the Chairman 
authorized appoint Sub-Committee draft Sections Materials and 
Workmanship for the Tentative Specifications for Steel Highway and Electric 
Railway Bridges. The Chairman subsequently appointed the following 
members this Sub-Committee: Messrs. Kelley, Chairman, Ames 
and Slack. 


Special Committee Codify Present Practice the Bearing Value 
Soils for Foundations, Etc. 


(Abstract) 


October 18th, 1922.—The meeting was called order M., the 
Headquarters the Society. Present, Robert Cummings (Chairman), 
Allen Hazen, and Meem. 
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The minutes the previous meeting were approved submitted. 

Mr. Meem reported progress behalf the Sub-Committee Codifica- 
tion, and letter from Mr. Haines the same subject was also presented. 

The work being conducted the Iowa State College was discussed, well 
the work the United States Bureau Public Roads. 

Mr. Meem urged that steps taken have full-size tests made under the 
auspices the Committee, the desirability which was agreed to, but the 
matter was deferred until ways and means could found. 

Mr. Cummings reported progress the study the colloidal state clay. 

report Land Slides the Geotechnical Commission the Royal 
State Railways Sweden was presented. Copies thesis “Lateral 
Pressure” Dr. Feld were also presented, and distributed for consideration 
the members the Committee. 

suggestion from member the Research Committee the Society for 
the Committee membership, order give immediate con- 
sideration important divisions the work Piles and Pile Driving, 
Land Slides, was considered. the beginning the Committee’s inves- 
tigation, sub-committees were organized, but their activities were suspended, 
pending research study soil itself. Inasmuch the physical charac- 
teristics soil have been brought understandable state, was decided, 
motion, duly seconded, that the Chairman communicate with the Board 
Direction asking gor increase the membership the Committee 
cover these subjects. 
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ANNOUNCEMENTS 


The Reading Room the Society open from M., and 
from M., every day, except Sundays, New Year’s Day, 
Washington’s Birthday, Memorial Day, Fourth July, Labor Day, Thanks- 
giving Day, and Christmas Day; during August, closed 


FUTURE MEETINGS 


December 20th, 1922.—8.00 M.—A regular business meeting the 
Society will held, the program for which will announced later. 


ANNUAL MEETING 


The Seventieth Annual Meeting will held the Headquarters the 
Society, West 39th Street, New York City, Wednesday, Thursday, and 
Friday, January 17th, 18th, and 19th, 1923. 


SEARCHES THE LIBRARY 


the Library the American Society Civil Engineers has been merged 
the Engineering Societies Library, requests for searches, copies, translations, 
should addressed the Director, Engineering Societies Library, 
West 39th Street, New York City, who will gladly give information concerning 
the charges for the various kinds service. more comprehensive statement 
regard this matter will found page the Year Book for 1922. 


NEW LOCAL SECTIONS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


The Constitutions the following Local Sections have been approved the 


Board Direction since the list was prepared for the 1922 Year Book, pp. 
seq.: 


Dayton Section (Constitution Approved Board, 1922). 

Charles Paul, President; Grant, Secretary-Treasurer, Winters 
Bank Building, Dayton, Ohio. 
Lehigh Valley Section (Constitution Approved Board, 1922). 

George Blakeley, President; Fuller, Secretary-Treasurer, 732 
Avenue Bethlehem, Pa. 
Sacramento Section (Constitution Approved Board, 1922). 


Albert Givan, President; Joseph Gross, Secretary, Forum Building, 
Sacramento, Calif. 


Toledo Section (Constitution Approved Board, 1922). 

Riggs, President; George Schoonmaker, Secretary-Treasurer, 
716 Stickney Avenue, Toledo, Ohio. 
Virginia Section (Constitution Approved Board, 1922). 


Carpenter, President; James MacTier, Secretary-Treasurer, 1312 
Maple Avenue, Roanoke, Va. 
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NEW STUDENT CHAPTERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS* 


The following Student Chapters have been authorized the Board 
Direction since the list was prepared for the 1922 Year Book, pp. 


Clemson Agricultural and Mechanical College South Carolina. 

Baumann, President; Stribling, Secretary, Clemson Agricul- 
tural and Mechanical College South Carolina, Clemson College, 
Georgia School Technology. 

Harrison, President; Kennedy, Jr., Secretary, West North 

Avenue, Atlanta, Ga. 

Lehigh University. 

Ertner, President; Van Ness, Secretary, 228 Summit Street, 
Bethlehem, Pa. 
North Carolina State College Agriculture and Engineering. 

Fisher, President; Gay, Secretary, North Carolina State Col- 
lege, Raleigh, 

Norwich University. 

Kane, President; Allen Hamilton, Secretary, Norwich University, 
Northfield, Vt. 

Stadia Club (University Oklahoma). 

Lester Ellis, President; Edward Mars, Secretary, University 
Oklahoma, 734 DeBarr Street, Norman, Okla. 

University Virginia. 

Kiener, Secretary, Box 423, University, Va. 


Worcester Polytechnic Institute. 
Carl Meyer, President; Albert Hayden, Secretary, Worcester Poly- 
technic Institute, Worcester, Mass. 


recent ruling the Board Direction, the minimum membership Student 
Chapter has been fixed instead 20. 
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MEMBERSHIP 


(From October 4th October 27th, 1922) 


ADDITIONS 
MEMBERS Date 
Membership. 
ANDREW, CHARLES Bridge Engr., State Washington, 
Mitchell Hotel, Apartment Olympia, Wash............... June 19, 1922 
Prof. and Head, Dept. Chemistry, State Univ. 
Iowa, 101 Close Hall, Iowa City, 1922 
BURKHOLDER, Care, The Barahona Co., Inc., Assoc. Sept. 1913 
Barahona, Dominican Republic............... Aug. 28, 1922 
CHEVALIER, WILLARD TOWNSHEND. Associate Editor, Jun. April 1909 
Engineering News-Record, 10th Ave. and 36th Assoc. April 30, 1912 
Craco, WILLIAM Cons. Min. Engr., 307 First National 
Henry Chf. Engr., Chile Ex- Assoc. 1908 
ploration Cp., Chuquicamata, Chile........... 1922 
Prof., Eng. Problems, Iowa State 
GARRETT. Engr., Ellis County Road Assoc. Dec. 1915 
GEORGE WARREN. With The Graselli Chemical Co., Cleve- 
land (Res., 1581 Belle Ave., Lakewood). Ohio.............. 
FEELEY, WILLIAM Patrick. Div. Engr., Buffalo Jun. 1911 
Great Lakes Dredge Dock Co., 1100 Morgan Assoc. Nov. 1914 
JoHN Chf. Engr., Div. Water, City Newark, 
City Hall, Newark (Res., Mercer Ave., North Plain- 


WILLIAM Engr., Timber Preserva- 
? 


.M. May 15, 191 
tion, Soo Line Ry., 1517 Soo 2552 15, 1917 


GRANDLIENARD, THEODORE. Asst. Prof., Civ. Eng., Univ. 

GRUNSKy, CARL Cons. Engr. (C. Grunsky Co.), 

Harvey, JAMES CAROTHERS. Contr. (French Harvey), Assoc. Sept. 10, 1918 

HEBBLEWHITE, GILBERT WALTER. Chf. Engr., International Steel 

Iron Co., 1228 Chandler Ave., Evansville, Ind............... Oct. 1922 


Henry Prof. Emeritus, Bridge 
Eng., Coll. Eng., Cornell Univ., 201 Fairmount. 
Leon. Cons. Engr. and Insp., Board Education, 
1801 Fourth Ave., Cedar Rapids, Oct. 
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MEMBERS— 


Sage Foundation, 130 East 22d St., New York 


Lewis, Executive Engr., Russell Jun. 
City (Res., 114 Twenty-first St., Elmhurst, Y.) 


Civ. and Const. Engr., Boyer Assoc. 


Engr. and Contr., 414 East 23d St., 
MANN, Victor. Head, Dept. Eng. Drawing, Missouri 
School Mines and Metallurgy, Box 39, Rolla, Mo........ 
Chf. Engr. and Vice-Pres., York Rys., 
MEHREN, JoHN. Engineering News- Jun. 
Record, 10th Ave. and 36th St., New York Affiliate 
Henry. Chf., Bureau Roads and Bridges, State 
Nebraska, 1834 Perkins Boulevard, Lincoln, Nebr 
Preston, Harry Asst. Engr., Valuation 
Dept., R., Room 3754, Grand Central 


CHARLTON Dascom. Civ. and Landscape Engr., 1010 


REVELL, JOHN. City Engr. and Asst. Commr. Works, Assoc. 


Fort Collins, Colo 
SAUERBRUN, ALFRED Care, Societa Anonima Italiana 
MacArthur, Via Onorato, No. Palermo, Sicily........... 
SMITH, JULIAN CLEVELAND. Vice-Pres. and Gen. Mgr., Shawinigan 
Cos., 314 Ave., Westmount, Montreal, Que., 
Spurr, Henry Vose. Chf. Engr., Purdy Henderson Co., East 
New York City 


THOMSON, RIELLE. Secy., Lignite Utilization Assoc. 


Board, 288 St. James St., Montreal, Que., Canada. 


ARTHUR Dist. Engr., Portland Cement Assoc. 


Assoc., 1904 Farmers Bank Bldg., Pittsburgh, Pa.. 
JOHN Farmers Trust Bldg., South 


Univ., 777 Russell St., West Lafayette, Ind..... 


WILLIAMSON, County Engr., Wyandotte County, 
and Res. Engr. for State Federal Projects, Edwardsville, 
Kans, 


ASSOCIATE MEMBERS 


AIKEN, WILLIAM Asst. Engr., Office Engr. Structures, 
ALDRICH, City Engr., Wisconsin Rapids, 
AYDLOTTE, ROSWELL JAMES. County Engr., Delaware County, 515 
Parker St., Chester, 


Assoc. 


[Society Affairs. 
Date 

Membership. 
Feb. 1913 
Nov. 28, 1916 
Oct. 1922 
Jan. 13, 1919 
Oct. 1922 
June 19, 1922 
Oct. 1922 
Oct. 1922 
Oct. 30, 1906 
Jan 1913 
Oct. 1922 
1922 
April 1908 
Oct. 1922 
Aug. 28, 1922 
Nov. 27, 1917 
Oct. 1922 
Aug. 28, 1922 
Aug. 28, 1922 
1914 
1922 
Oct. 1912 
Oct. 1922 
Nov. 28, 1916 
1922 
Feb. 1908 
May 31, 1916 
Oct. 1922 
1922 
Aug. 28, 1922 
Oct. 1922 
Oct. 1922 
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JOHN SAMUEL. Constr. Engr., Portland Cement 
BAKER, GEORGE Camp Dudley, Westport, Y....... 
STEINER. 601 Commercial St., Atchison, Kans......... 
Hydrographer, Southern California Edison Co. 
(Res., 4511 Finley Ave.), Los Angeles, Calif............... 
CHANEY, CHARLES ATWELL. Div. Engr. Bridges, City Pitts- 
burgh, 6410 Phillips Ave., Pittsburgh, 
CONZELMAN, JOSEPH Birmingham Office, Pitts- 


burgh Testing Laboratory, 216 Clark Bldg., Birmingham, Ala. 


Davis, Contr. Engr., Virginia Bridge Iron Co., 


Civ. Engr., Minnesota Steel Co., 5603 
WILLIAM JOSEPH, JR. Res. Engr., Highway Comm., 
1020 Fourth Ave., Council Bluffs, 
GREER, CLINTON Designer and Asst. Bridge Engr., 
St. Louis County, 212 Court House, Duluth, Minn......... 


HANAUER, WILLIAM. Works, Egyptian 
Ministry Public Works, rue Mamelukes, Heliopolis, Egypt. 
Hart, WALTER Structural Bureau, Portland Cement 


111 West Washington St., Chicago, 
HELMICK, Storms. 1200 Second Ave., South, Minneapolis, 


JEWELL, Field and Constr. Engr., Oakland 


County Road Commrs., 483 Orchard Lake Ave., Pontiac, Mich. 


KENNEDY, THoMAS B., Engr., The Frog, Switch Mfg. Co., 


Kurz, Ernst 805 East State St., Ithaca, 
LEWIS, JAMES ARTEMUS. With Miller Martin, 910 Title Guar- 

Chf. Engr., Florida Farms Industries 

Co., Box 387, Green Cove Springs, 
Civ. Engr. and Surv., North Pearl St., 


MITCHELL, WILLIAM 4967 Lake Park Ave., Chicago, 
Hiram. Robertson Ave., White Plains, Y.. 
WILLIAM County Road Engr., Wetzel County Road 
Dept., New Martinsville, 
CHARLES Engr. Examiner, Shipping Board, 
Emergency Fleet Corporation, 2846 Guilford Ave., Balti- 


CHARLES Morrison. Asst. Engr., Hydr. Tur- 


bine Dept., Allis Chalmers Co., Milwaukee 


(Res., 239 Sixth Ave., Wauwatosa), Wis...... 
Harmon. Designing and Contr. Engr., 1010 
SMITH, Asst. City Engr., 437 West Main 


Assoc. 


Date 

Membership. 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Aug. 28, 1922 
Oct. 1922 
Aug. 28, 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Aug. 28, 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
Oct. 1922 
May 28, 1912 
Oct. 1922 
Oct. 1922 
Oct. 1922 
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ASSOCIATE MEMBERS— (Continued) 


Snow, Francis. Chf. Engr., African Union Co., 
Howarp Cons. Engr. (Ball Snyder), East 
Epwarp Structural Engr. and Plan Examiner, 
Jersey City Bldg. Dept., Webster Ave., Jersey City, J... 
STACKPOLE, DONALD CAMERON. Dist. Engr., Dist. No. State High- 
WILLIAM Associate Prof., Civ. Eng., Jun. 
and Coll. Texas, College Station, Tex. Assoc. 
STEERE, MAYNARD JOSEPH. Res Engr., Gerharz-Jaqueth Eng. Co., 
WALTER Chf. Draftsman and Asst. Office Engr., 
Reclamation Board, State California, 2036 Thirty-fourth 
Royce Jay. Chf. Engr., San Luis Val. Land Min. Co., 
Van EENENAAM, Chf. Draftsman, Bridge 
Office, Michigan State Highway Dept., 904 Dewey 
Dist. Engr., Pennsylvania State High- 
way Dept., Bedford, 
and Ga. R., 4th Floor, Station, 


Assoc. 


JUNIORS 


Backes, WILLIAM. Monte No. Havana, Cuba.......... 
CoHEN, 128 President St., Passaic, 
Estimator, McKenzie Constr. Co., 606 Bedell 

JAMES, JR. 2541 Oliver Bldg., Pittsburgh, Pa.. 
Frias, 301 Bryant Ave., Ithaca, Y..... 
GARDNER, CuRTISS TARRING. Material Insp. with Y., 

Henry 312 Church St., San Francisco, Calif 


Asst. Engr., Public Works 
Dept., Office, Care, José Pool, Santo Domingo, 
FRANKLIN, JR. 3741 Bell St., Kansas City, Mo.......... 
JOHNSON, Munson. Draftsman and Field Engr., Maracaibo 
(Venezuela) Oil Co., 108 Broadway, Bayonne, J........ 
(The Miner Co.), 2234 Macdonald Ave., 
Asst. City Engr., Emporia, Kans.... 


ROBERT GUYLE FENTON. 8315 Curzon Ave., Cincinnati. Ohio. 


[Society Affairs. 


Date 
Membership. 
Oct. 1922 
1922 
1922 
1922 
June 11, 1917 
1922 
1922 
1922 
June 19, 1922 
Mar. 11, 1919 
Oct. 1922 
1922 
June 19, 1922 


WALTER Junior Asst. Engr., Bureau Public 


JENO. 917 West Water St., Elmira, 


Oct. 1922 
1922 
1922 
1922 
Oct. 1922 
Oct. 1922 
April 1922 
Oct. 1922 
1922 
1922 
1922 
Oct 1922 
1922 


Aug. 28, 1922 


December, 


m 


Oscar Designing Concrete Engr., Craven 

TROXELL, Junior Engr., Geological Survey, 

Water Resources Branch, 602 Federal Bldg., Los Angeles, 

WADDINGTON, RAYMOND. Asst. Chf. Dispatch Engr., 

Standard Oil Co., Marine Dept., 433 Linden Ave., Elizabeth, 


REINSTATEMENTS 
ASSOCIATE MEMBERS Date 
Reinstatement. 
DEATHS 


CHAMBERLIN, CHESTER Elected Member, October 5th, 1904; died July 
14th, 1922. 

HASKINS, WILLIAM JEWETT. Elected Junior, March 7th, 1883; Member, December 
Ist, 1886; died October 9th, 1922. 

McCann, Henry. Elected April 2d, 1890; died October 25th, 1922. 
WASHBURN, FRANK SHERMAN. Elected Member, November 7th, 1888; died October 
9th, 1922. 


Total Membership the Society, October 27th, 1922 


Associate Members.......... 260 
Honorary 
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ENGINEERING SOCIETIES SERVICE BUREAU [Society Affairs. 


ENGINEERING SOCIETIES EMPLOYMENT 
SERVICE 


Engineering Societies Service Bureau was established December 1st, 
1918, activity Engineering Council. was managed board made 
the Secretaries the four Founder Societies, and funds for its main- 
tenance were provided these Societies. January Ist, 1921, this Bureau 
was taken over The Federated American Engineering Societies and was 
known the Employment Service that organization. the man- 
agement the Service has been taken over the Founder Societies. 
weekly Employment Bulletin, listing the positions available, may seen 
the office any Secretary Local Section. Members the American 
Society Civil Engineers who desire register should apply for further 
information, registration forms, Walter Brown, Manager, Engi- 
neering Societies Building, West 39th Street, New York City. order 
included the list published Proceedings, copy must received 
before the first each month. All communications should addressed 
Mr. Brown. 


EMPLOYMENT BULLETIN 


POSITIONS AVAILABLE 


SALES ENGINEERS sell con- 
crete mixers, saw rigs, cranes, 
penses will paid. Application person. 
Headquarters, New York City. 


SALES manufacturer 
located East-Central Section desires man 
familiar with sale raw materials and 
primary products. Prefer man acquainted 
with steel and allied industries. Write 
fully stating experience and salary desired. 
Application letter. Headquarters, Chi- 
cago, 


SALES ENGINEER, sell industrial paint 
unique qualities. Possibility handling 
other interesting lines. Sales experience 
not necessary. Good proposition for recent 
graduate wishing enter sales line. Ap- 
plication person appointment. Head- 
quarters, New York City. 


SALES EXECUTIVE for well established 
firm Engineers and Constructors New 
York City. Must man character 
and standing, with wide acquaintance 
among business men and talent and per- 
sonality for sales. Assured future for 
right man. Application letter giving 
full information. Salary not stated. Lo- 
cation, New York City. 


SALES REPRESENTATIVES represent 
gas and oil-burning equipment company 
United States. Application letter. 


SALES ENGINEER, young, single man having 
years’ practical experience for ex- 
ploiting sale line industrial equip- 
ment New England and Middle Atlantic 
States. Application letter, stating age, 
experience, and salary expected. 
quarters, New York City. 


SALES ENGINEER sell crushing and 
grinding machinery. Application per- 
son. Location, New York City. 


ARCHITECTURAL DRAFTSMAN able 
make working drawings, sketches, 
any details necessary filing city depart- 
ments, ete. Application person. Loca- 
tion, New York City. 


ENGINEER with advertising catalogue 
writing experience. Application letter, 
stating age, education, and experience 
detail. Location, New York State. 


DRAFTSMAN DESIGNER, Civil Engineer, 
structures, reinforced concrete. Must 
good draftsman well designer. Ap- 
plication letter. Location, New York 
City. 


SALES ENGINEER, preferably between 
and years age, with experience 
sale foundry equipment, act dis- 
trict representative. Right man can make 
very profitable connection. Application 
letter. Location, Cleveland, Ohio. V—2561. 


DRAFTSMAN for sugar-mill. Prefer young 
man recently graduated from college 
architectural engineering school, who 
could classed good draftsman. Work- 
ing knowledge Spanish desirable. Ap- 
plication letter. Transportation from 
New York plantation. Headquarters, 
New York City. Location, Cuba. V—2580. 


STRUCTURAL ENGINEER thoroughly 
trained design structural steel and 
reinforced concrete for buildings. One 
who can write specifications and attend 
supervision preferred. Application 


letter. Location, Arkansas. 
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MINING ENGINEER familiar with mining 
silica all branches, check report 
property, purchase, install and operate 

Application 

Conn. 


equipment, 
not 


YOUNG GRADUATE ENGINEER with 
little building experience, learn business 
from the office end. Estimate primarily. 
Application letter. Location, New 
York City. 


ENGINEER experienced road building 
and handling crushed stone, call 
firms investigate the market Illinois 
with view opening lime quarry. Ap- 


INSPECTORS CONSTRUCTION (3) for 
Naval Station Pearl Harbor. Subject 
non-competitive examination. Applica- 
tion letter. Headquarters, Washing- 
ton, 


STRUCTURAL STEEL DRAFTSMAN expe- 
rienced ornamental and light steel 
work. Application person. Location, 


DRAFTSMAN familiar with power plant, 
water supply, and architectural work. 
Must speak Spanish. Application let- 
ter. South America. 


ARCHITECT experienced general design, 
office, industrial, and municipal buildings. 
Must speak Spanish. Application let- 
ter. Location, South America. 


CHIEF DRAFTSMAN take charge 
drafting office. Must speak Spanish. Ap- 
plication Location, South 


COST ENGINEER experienced general 
contracting cost work, also cost plus basis 
system for municipal work. Must able 
establish cost system for contractor’s 
office. Spanish desirable. Application 
letter. Location, South America. 


REINFORCED CONCRETE ENGINEER with 
wide experience construction rein- 
forced Temporary 
work months), supervising build- 
ing forms and placing reinforcement. 
Application letter. Location, Mass. 


DRAFTSMAN with water-wheel experience. 
Age between and 45. not neces- 
sarily technical graduate. Applica- 
tion letter. Location, Mass. 


ARCHITECT remodeling and miscel- 
laneous repairs public buildings. Allow- 
ance for travel from New York and re- 
turn. Knowledge Spanish desirable, 
but not essential. Application person 
appointment. Location, Santo Domingo. 


CIVIL for road construction. 
Age years. Spanish desirable, but not 
essential. Must single. Experience de- 
sirable. Application person appoint- 
ment. Location, Santo Domingo. 


ENGINEER with experience manufacture 
loose-leaf books. Manufacture 
pocket-book contemplated. Want man 
starting necessary plant and 
taking charge operations. Application 
letter only. Location, Penna. 


etc. 


stated. Location, 
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ENGINEER write articles dealing with 
economic, political, and social problems 
the Must capable writing orig- 
inal articles that will interest intelligent 
people all classes and secure attention 
engineers, business men, educators, and 
statesmen, Application letter only. 
Location, Penna. 


ENGINEERS capable gathering informa- 
tion needed different branches en- 
gineering and putting most 
form for publication bound books 
used conjunction with loose-leaf service. 
Penna. 


SURVEYOR take charge party and 
run his own instrument general city 
work. Temporary position months’ 
work). Application letter. Location, 
Mass. 


ARCHITECTURAL DRAFTSMAN experienced 
frame buildings and country homes. 
Application person. Location, Conn. 


STRUCTURAL STEEL DRAFTSMEN, 
DRAFTSMEN familiar with reinforced 
concrete work. Application letter. 
Location, South Carolina. 


SALESMEN (2). Age 28. Will 
sent factory for course training be- 
fore going road. Prefer unmarried men 
willing live some other city, either 
District Manager Assistant Dis- 
trict Manager. Application 
Headquarters, York City. 


STREET RAILWAY ENGINEER, between 
years age, having had some 
technical education and number years 
practical experience actual operation 
all classes street railway rolling 
stock. Application letter giving edu- 
cation, experience, age, and salary desired. 
Location, New York City. 


STRUCTURAL DRAFTSMEN (10). Appli- 
cation letter. Location, New York City. 


MANUFACTURER Constant Potential 
Battery Charging Systems for Battery 
Service Stations, has several districts open 
for agencies and desires hear from men 
experienced sale battery equipment 
and acquaintance the Appli- 
cation letter. Headquarters, Chicago, 


CHECKER AND DETAILER, for gen- 
eral structural and bridge work. Must 
experienced, reliable and absolutely com- 
petent handle any kind work out- 
lined. Application letter. Location, 
St. Louis, Mo. 


SALES REPRESENTATIVE: Trained corre- 
spondent and sales engineer. Graduate 
Traveled Chicago, Indianapolis, and Cin- 
cinnati territories. Application letter. 
Headquarters, Cincinnati, Ohio. 


EXPORT SALES REPRESENTATIVE for 
company manufacturing nestable culvert. 
Man representing other company who has 
his own office and would interested 
add other products his present line, 
desired. Application person. Salary 
not stated. Location not stated. 
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PLATER experienced continuous process 
coating fine wire. Must have sufficient 
knowledge chemistry make own for- 
mulas. applicant has executed experi- 
ence there oppartunity become in- 
terested the business. Application 
letter. Location, Mass. 


STENOGRAPHER, Secretary and General 
Assistant Manager several electric 
light and water properties New Jersey. 
Excellent position with unlimited field for 
advancement. not apply unless thor- 
oughly experienced and competent. Male 
preferred, but not essential. Living con- 
ditions excellent. Application letter. 
Location, New Jersey. 


CONTRACTORS Qualified Engineers 
into the matter cost construction 
tunnel underneath river which 650 
ft. wide, together with cost approaches, 
etc. Application letter. Salary not 
stated. Location, North 


ENGINEER thoroughly experienced rail- 
way and transmission line location 
supervise and co-ordinate work several 
field parties. Application letter. 
tion, Central Penna. 


TRANSITMEN (2) act chief party; 
must have experience railroad trans- 
mission line location. Application let- 
ter. Location, Penna. 


SALES ENGINEER with experience, pref- 
erably handling plant equipment, sell 
heavy capacity scales. Application let- 
ter. Location, New York City. 


ASSISTANT PLANT ENGINEER handle 
some construction and experimental work. 
Application letter. Location, New Jer- 
sey. 


EXPERIENCED ELECTRICAL LAYOUT 
DRAFTSMEN (2) familiar with both rail- 
way and commercial sub-station layouts. 
Permanent position. Application letter. 
Location, Georgia. 


SALES ENGINEER. Reliable company 
cated East wishes the services 
competent sales engineer organize and 
develop organization for marketing its 
line internal combustion engines. 
not apply unless you can produce results. 
Application letter. Headquarters, New 
York State. 


POWER PLANT ENGINEER AND MAIN- 
TENANCE MAN, charge maintenance 
and power plant. man capa- 
ble handling men. Application let- 
ter. Location, Middle West. 


YOUNG MEN, high grade, travel through 
the great manufacturing and industrial 
districts install, inspect, and test elec- 
trical instrument and temperature con- 
trolling equipment; special consideration 
will given applicants who have had 
experience handling instruments, meters, 
gauges, recorders, controllers, edu- 
cated men preferred; unusual chance for 
promotion. Application letter, stating 
experience, education, age, and 
sired. Headquarters, New York City 


DRAFTSMAN, 
experienced 
machinery. Application person. 
tion, New York City. 


college graduate preferred, 
hoisting and conveying 
Loca- 
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PATENT ATTORNEY (Young Man). Duties 
follow cases office, the prepara- 
tion and presentation cases handled 
outside attorney. Application letter. 
Location, New York City. 


ENGINEER-DRAFTSMAN plot- 
ting surveys, from field notes and 
doing miscellaneous engineering work un- 
der direction. Desire single man and ex- 
pect employees remain Venezuela for 
period months, end which 
time, they are entitled days’ leave, 
expenses coming this country and re- 
turning Venezuela being borne com- 
pany. Application letter. Location, 
Venezuela. Headquarters, Philadelphia, 
Pa. 


ASSISTANT DRYER ENGINEER. Must 
have construction experience, drafting, and 
dryer. Application letter. Location, 
New York City. 


ENGINEER design reinforced concrete 
and structural steel. Familiar with build- 
ing laws New York and Philadelphia. 
Application person. Location, Philadel- 
phia, Pa. 


ARCHITECTURAL 
enced designer. Work institutional 
buildings. Application Loca- 
tion, Philadelphia, Pa. 


EXECUTIVE SECRETARY large Engi- 
neering Society the East. Technically 
trained man least thirty-five with ex- 
perience secretarial management, prac- 
tical handling Club, technical publica- 
tion, and general Club House management. 
Tact, initiative, and ability meet men 
affairs essential. Application let- 
ter, stating experience detail and accus- 
tomed compensation. 


ASSISTANT RESIDENT ENGINEER for 
water-supply work, which includes all 
phases from earth excavation installa- 
tion machinery. Should have building 
construction experience. Must willing 
live job. Application person. 
Location, New Jersey. 


DRAFTSMEN who have had intimate con- 
tact with sugar industry, and are really 
good draftsmen power plant and general 
industrial work, including transmission, 
conveyors, tanks, and other miscellaneous 
apparatus. Preference shown those 
who have had sugar experience, although 
other competent men will considered 
necessary. Position will open 
near future. Application letter only. 
Location, New York City. 


ENGINEER thoroughly qualified for respon- 
sible position connection with plant and 
machinery layouts, installation machin- 
ery, design supporting structures, design 
both the above and machine design, 
preparation cost estimates, and en- 
gineering office routine. Prefer man with 
civil, mechanical, and some chemical en- 
gineering experience. References. Appli- 
cation letter, stating salary expected and 
availability. Location, New York State. 


DISTRICT MANAGER for high temperature 
heating material. Applicant must fa- 
miliar with Pittsburgh, Pa., and surround- 
ing section. Application letter. Head- 
quarters, New 
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SALES ENGINEER for sub-agencies the 
following district: Southern Ohio, Ken- 
tucky, and Western West Virginia. Com- 


pany manufactures road machinery, 


tractors’ equipment, All engineering 
supervision drawings, specifications, and 
publicity furnished. Application letter. 
Headquarters, Ohio. 


CIVIL, ELECTRICAL, MECHANICAL 
ENGINEER for writing specifications 
automatic machine switching. Appli- 

cation person. Man about 30. 
Location, Ill. 


IRRIGATION ENGINEER Assistant for 
determination seepage losses irriga- 
tion canals. Should capable observ- 
ing and noting conditions influencing the 
tests; should good health, willing 
work, and should have had experience 
measuring the discharge canals and 
Location, Texas. 


PROFESSOR for head Department 
Civil Engineering. not apply unless 
willing accept when definite offer 
made. Application letter. Location, 
Porto Rico. 


SALES ENGINEER sell Industrial Con- 
veyors. Must have well balanced com- 
bination engineering, analytical, and 
selling ability. Will called facili- 
tate, expedite, and economize movement 
and transportation materials through 
and out processes production all 
kinds Industrial Plants and handle all 
sorts things means conveyors 
many different mercantile and commercial 
establishments. Must able analyze 
processes and economical factors involved 
thoroughly and have sufficient ability 
instil confidence, inspire respect, and carry 
tion, New York State. 


SALESMEN well versed elevating and 
conveying work, who might put directly 
sales work, with only short appren- 
ticeship estimating, simply give 
little familiarity with our products and 
methods. Application letter. 
quarters, New York State. 


SALESMAN for outside work. Columbia man 
preferred. Sales experience with 
tion and industrial plants. Application 
person. Location, New York City. 


SALESMAN AND SALES MANAGER, Com- 
pany makes “Quick Fire’ which 
preparation added motor gasoline 
prevent formation carbon. Work 
selling and repair shops. 
Application person. Location, New York 
and East. 


SUPERVISOR installation heating, 
ventilating, and power plant equipment. 
Should thoroughly experienced this 
work. Application letter. Location, 
New York City. 


ENGINEER for sales office work for routine 
matters. Sales experience with construc- 
tion and industrial plants. Application 
person. Salary not stated. Location, New 
York City. 


SALESMAN for soliciting contracts. Man 
will assisted General Electric man 
soliciting lighting jobs. Young man pre- 
ferred. Application letter. Location, 
New York City. 


SYRACUSE AND ALBANY, Y., DIS- 
TRICT REPRESENTATIVES 
growing company, specializing complete 
accountancy service for medium and 
small businesses. Requirements—success- 
ful sales experience business 
executives; general knowledge and appre- 
ciation accountancy principles. Tech- 
nical education preferred. Remuneration, 
straight commission paid monthly total 
business force. Income small first, 
but builds rapidly. Application 
letter, giving complete history. Head- 
quarters, New York State. 


BUILDING SUPERINTENDENT act 


architect’s representative work. Ap- 
plication letter. Salary not stated. 
Location, New York City. 


STRUCTURAL STEEL 
power plant building experience. Appli- 
cation person. Salary $200 start. 
Location, New York City. 


GENERAL MANAGER for New York Eng. Co. 
having hand and nearly all financed, rail- 
road and other development two foreign 
stable countries, possessing valuable ex- 
clusive rights and grants connection 
therewith and needing temporary capital 
keep going until put over. limit 

age eitker way can supply the few 
thousands needed for next few months 
hold engineers and promoters. active 
interest enterprises desired, can have 
anything wanted and organize suit, 
co-operation with present staff. Further 
particulars and complete information 
right party. Application letter. 


ARCHITECT’S SUPERINTENDENT familiar 
with Hotel, Residential and Office Build- 
ing work. Must familiag with orna- 
mental plastering, plumbing, etc. Age 
years. Application letter. Loca- 
tion, New York City. 


FIELD ENGINEER capable taking charge 
transmission line survey party. 
perienced man only. Application per- 
son. Salary not stated. Location not 
stated. 


REINFORCED CONCRETE DESIGNERS (3) 
experienced foundation work and power 
plants. Experienced men only. Appli- 
cation person. Salary not stated. Lo- 
cation not stated. 


HYDRAULIC ENGINEER for field and office 
investigation work. Experienced man only. 
Application person. Salary not stated. 
Location, New York City. 


MEN AVAILABLE 


YOUNG CIVIL ENGINEER; degree 
Experience surveying, industrial build- 
ings, apartments, alterations, concrete 
and steel, residences, and conveyor de- 
sign. Available immediately. Location, 
New York City and Brooklyn, 
CE-368. 


DESIGNING ENGINEER, Assoc. Am. Soc. 
E.; age 32; Graduate Civil Engineer. 
Desires position with consulting engineer, 
engineering firm, contractor’s engi- 
neer. Ten and one-half years’ experience, 
covering design and construction high- 
way bridges and structures, buildings, 
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water-works, railways, and port works 
private, city, State, Federal, and foreign 
work. Available, February 15th, 1923. 


CIVIL ENGINEER open for responsible 


executive position; 
Twenty years’ practical experience de- 
sign and construction work all kinds; 
thoroughly conversant with appraisal 
work, the preparation reports and 
financial statements, and the analysis 
general business conditions, regard 
engincering projects. Highest technical 
and business references. 


CIVIL ENGINEER, Assoc. Am. Soc. 


age 40; married; technical. Seventeen 
years’ experience miscellaneous engi- 
neering and construction work, including 
designs, heavy earthwork, railroad yards 
and buildings, etc. Extensive experience 
steam and electric railway valuation 
and maintenance. Now employed 
executive position with large utility prop- 


erty. Desires change. Will consider 


position with railway, industry, con- 
tractor. 


Personal interview solicited. 


CIVIL AND MINING ENGINEER, Assoc. 


E.; age 31; married. Desires position 
with firm engaged concrete construction, 
excavation, shaft-sinking, and tunneling. 
Eleven years’ experience mining and 
construction work. 


Assoc. Am. Soc, E.; graduate, 1909; 


age 35; experienced design concrete, 
steel, and other materials, specialized 
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harbor improvement and concrete bridges, 
will free about December 15th, 1922. 
Will anywhere. Health good and can 
stand cold climates equally well. 
Foreign countries 


GRADUATE CIVIL ENGINEER, Am. 


Soc. E.; Dr. Eng.; Int. Assoc. 
Nav. Cong. Specialist hydrography, 
river and harbor 
works, and jetty construction. Can design 
and execute the works indicated. Has 
had professional experience the United 
States, Mexico, Guatemala, Panama, and 
Brazil. familiar with the Portuguese. 
Spanish and French languages. Best 
references furnished. 


STRUCTURAL ENGINEER. Nineteen years’ 


experience steel for office and mill build- 
ings, structures for 
devices: towers, bridges, derricks, cranes, 
timber, concrete, and foundations. 
Mechanical experience connection with 
machinery for these devices. Responsible 
position, plant office. 


CIVIL ENGINEER, Yale graduate, Am. 


Soc. Twenty-five years’ experience 
(20 years chargé engineer office and 
executive positions), heavy construc- 
tion work (concrete, stone, earthwork), 
river and harbor improvements, roads, 
railroad work, ete. South 
America for about two years responsible 
charge work for prominent firm 
American contracting engineers, whom 
reference will made. Available once 
for position anywhere. Salary $5000 
000, dependent location and char- 
acter work. 
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NEW BOOKS* 
(From October October 31st, 1922) 


The statements made these notices are taken from the books themselves, 
and this Society not responsible for them. 


DONATIONS ENGINEERING SOCIETIES LIBRARY 


ADVANCED LABORATORY PRACTICE ELECTRICITY AND MAGNETISM. 


Earle Melvin Terry. and Lond., McGraw-Hill Book Co., Inc., 
1922. 261 pp., illus., diagrams, in., cloth. $3.00. 


This book intended for those students who have only one year for the study elec- 
tricity and magnetism, addition the work covered elementary course general 
physics. addition the usual work electrical measurements, the book includes study 
the discharge electricity through gases, radio-activity, and The book 
work given third-year students electrical engineering the University 

isconsin. 


JIGS, TOOLS, AND FIXTURES: THEIR DRAWING AND DESIGN. 


Philip Gates. Y., Van Nostrand Co., 1922. pp., 
diagrams, tab., in., cloth. $2.50. 


This simple book the drawing and design jigs, tools, and fixtures, covers equipment 
for practically all modern machine tools. Chapters are devoted drill jigs, milling fixtures, 
chucks, cutters, taps and dies, gauges, press tools, etc. chapter office procedure also 
given. The subject presented simple, practical manner. 


CONDENSED CATALOGUES MECHANICAL EQUIPMENT, 12th ANNUAL, 1922. 


American Society Mechanical Engineers, 1922. 622 pp., illus., 
in., fabrikoid. $5.00. 


The twelfth issue this convenient reference book appears new form; the book now 
having 10-in. type page and being printed thin India paper and bound flexible 
covers. other ways, the volume follows the plan previous years. contains catalogue 
information, condensed, uniformly presented, and illustrated, about the products 372 manu- 
facturers mechanical equipment; classified directory manufacturers equipment, 
which 200 firms are listed under, 300 headings; and directory consulting engineers, 
containing the names and addresses 1000 engineers, under 400 headings. each these 
divisions, the new issue shows enlargement and thorough revision, 


AIRCRAFT YEAR BOOK, 1922. 
Y., Aeronautical Chamber Commerce America, 1922. 251 
illus., diagrams, tab., in., cloth. $3.20. 


general review the year’s progress aviation prepared especially for those in- 
terested its commercial development. The book also contains discussion the problems 
aerial transportation, account the comparative effectiveness aerial and naval 
armament, review aeronautics different countries, and account technical progress 
construction during the year. The second section contains collection aircraft and 
engine designs, chiefly recent. The Appendix contains information the aircraft trade asso- 
ciations, the Government bureaus dealing with aviation, and various commercial and historical 
tables. 


AUTOMOTIVE REPAIR; VOL. FOR ELECTRICAL SERVICE MEN. 
Wright. Y., John Wiley Sons; Lond., Chapman Hall, 
1922. 417 pp., illus., diagrams, cloth. $3.00. 


ume this comprehensive manual for repairmen treats the electrical 
presents carefully detailed instructions for fifty-six electrical 
repair jobs, covering the derangements that occur most frequently. These are fully illustrated 
with drawings and photographs. addition, account electrical theory given, suf- 
ficient for thorough understanding the functions the electrical equipment automotive 


CHILTON TRACTOR INDEX, JULY, 1922. 
Phila., Chilton Company, 1922. 336 pp., illus., in., paper, $2.00. 


Unless otherwise specified, these books have been donated the 
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Directories manufacturers tractors, farm power-machinery, threshers, plows, 
cultivators, clectric plants, etc., and tractor parts and equipment are given well 
specifications and prices the various machines the market. There are also indexes 
trade names. The Index convenient summary technical and trade information fre- 
quently needed makers and users tractors and farm machinery. 


HAND BOOK CASINGHEAD GAS. 


Henry Westcott. Third Edition. Erie, Pa., Metric Metal Works, 
1922. 642 pp., illus., in., cloth. $3.75. 


The author this work has collect, one volume convenient size, all 
the chemical, physical, and engineering information the extraction gasoline from 
natural gas, which likely needed the man the field. treats the examina- 
tion and leasing gas wells, determination their capacity, and the gasoline content 
the gas, gathering lines, measuring gas, compression, absorption, blending, transportation, etc. 
Although few radical changes methods have been developed since the preceding edition 
the book was published, many minor improvements have been made, which are now described. 


BROWN’S DIRECTORY AMERICAN GAS COMPANIES AND GAS ENGINEERING 


And Appliance Catalogue, 1922. Y., Robbins Publishing Co., 1922. 
966 pp., illus., in., cloth. $10.00. 


The book divided into two sections. The first section catalogue gas-plant 
equipment, which contains alphabetical index the firms represented, classified index 
their products, and condensed catalogues describing them. catalogue books the 
gas industry included. The second section directory gas companies. contains 
index the cities and towns supplied with gas, statistics the gas companies North 
America, and holding and operating companies, financial reports holding and operating 
companies, the high and low prices gas securities, list public service commissions, 
‘and alphabetical list the members the leading gas associations. 


WELDING ENCYCLOPEDIA. 


Mackenzie and Card. Second Edition. Chic., Welding 
Engineer Publishing Co., 1922. 388 pp., illus., tab., charts, in., fabrikoid. 
$5.00. 


This work intended reference book the theory, practice, and application 
four processes for ‘autogencus welding. The first half the book dictionary the 
words, terms, and trade names used the industry. Included this are instructions for 
the common types repair and production work, descriptions tests, specifications for rods 
and wires, and descriptions the application welding various industries. Following 
the dictionary are separate chapters the four processes for welding, giving detailed 
descriptions each and instructions for its use. Chapters boiler, tank, pipe, and rail- 
joint welding are then given, followed section the regulations Federal and State 
authorities, and insurance companies, and chapter the heat treatment steel. 
collection charts and tables and catalogue section are also provided. 


ESSAIS SOUDURES AUTOGENE ELECTRIQUE PIECES 

Hoehn. Paris, Ch. Béranger, 1922. pp., illus., diagrams, 
in., paper. francs. 

This report gives the results extensive series tests autogenous and electric 
welds applied boiler construction, carried out 1921 the Association Suisse Pro- 
priétaires Chaudiéres Vapeur. The points investigated included the welding 
flanges tubes and boiler shells, the welding plates right angles, tensile tests dif- 


ferent forms welds, the influence skin welds, the electric process, and the 
strength welded tanks. 


UNTERSUCHUNGEN UND NEUERUNGEN VENTILKOMPRESSOREN. 
Von Breinl. Miinchen, Oldenbourg, 1922. 110 pp., diagrams, 
illus., in., paper. 252 marks. 


This book contains record the results obtained extended study air-com- 
pressor valves, and interest designers and manufacturers. 


UNTERSUCHUNGEN DAMPFSTRAHLAPPARATEN. 


Von Heinl. (Forschungsarbeiten auf dem Gebiete des Ingenieurwesens. 
Heft 256.) Berlin, Julius Springer, 1922. pp., 10x in., paper. marks. 


The author gives the results investigation determine whether the circulation 
hot-water heating systems can maintained means one more injectors fed with 
high-pressure steam, instead the usual methods. The points examined were 
the heat given the water the injected steam, under the most favorable conditions, 
any given rate pressure, and the possibility regulating the apparatus 
the quantity tests were made model system built for the purpose. 
study the action injectors included. 
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DIE STATIK DES KRANBAUES. 


Von Ludwig Andrée. Dritte Auflage. Miinchen, Oldenbourg, 1922. 
370 pp., diagrams, in., paper. 848 marks. 


The author gives eighty examples static calculations for cranes and similar structures. 
These examples include traveling, cantilever, bridge, rotary, gantry, portal, floating, tower 
and shipbuilding cranes, aerial ferries, cableways, hoist frames, inclined bridges, grab 
buckets, and swing and bascule bridges. This edition apparently reprint the second. 


FOUNDRYMEN’S HANDBOOK. 


Based Data Sheets from The Foundry. Cleveland, Ohio, Penton Pub- 
lishing Co., 1922. 309 pp., tab., in., cloth. $5.00. 


Since 1907, The Foundry has reguiarly published containing .practical 
information matters interest foundrymen. The result large accumulation 
general and scientific data, specifications, formulas, and recipes, which are now presented 
classified form, with index, convenient volume for reference use. 


BLAST FURNACE AND THE MANUFACTURE PIG IRON. 

Robert Forsythe. Third Edition, Revised Meissner and 
Mohr. Y., Book Co., 1922. pp., illus., diagrams, tab., 
in., cloth. $4.00. 


Most recent writers this subject have, Mr. Forsythe’s opinion, addressed them- 
selves too exclusively those acquainted with it. He, therefore, has written this concise 
statement general principles, treated essentially American lines, for beginners. The 
present edition has been revised two expert blast-furnace managers, order that may 
present the practice to-day. 


METALLURGICAL AND ANALYTICAL APPLICATIONS THE SPECTROGRAPH. 
Lond., Adam Hilger, Ltd., 1922. pp., in., paper. 


This brochure contains three fine showing the are spectra pure lead, 
pure copper, and lead and copper combination. The accompanying text discusses the 
application the spectrograph metallurgy and chemical analysis. bibliography 
quantitative spectrum analysis included. 


ENCYCLOPEDIA. 


Marcel Mitzakis. Y., John Wiley Sons; Lond., Chapman Hall, 


This encyclopedia covers wide range information interesting those engaged the 
oil industry. articles are devoted engineering and geological subjects, localities 
where oil occurs, commercial information, and the history the industry. brief bibliog- 
raphy included. The work will interesting those engaged the oil trade. 


HANDBOOK THE PETROLEUM INDUSTRY. 


David Day. Y., John Wiley Sons; Lond., Chapman Hall, 
1922. illus., diagrams, tab., in., fabrikoid. $15.00. 


The scope and authoritativeness this work are shown the contents and contributors. 
written with especial reference the engineers who produce and refine oil, but 
addressed the public interested the increase production and the better utilizatic 
the oil supply. Throughout the book, attention has been directed present conditions, aud 
historical matter has been omitted. Contents: The Occurrence Petroleum, 
Clapp; Field Methods Petroleum Geology. Frederic Lahee; Oil-Field Development 
and Petroleum Production, Louis Sands; Statistics Petroleum and Natural Gas Pro- 
duction, Annie Coons; Transportation Petroleum Products, Forrest Towl; 
Characteristics Petroleum, Day; Petroleum Testing Methods, Del- 
bridge; Natural-Gas Gasoline, Cooper; Asphalt, Smith; Oil Shale, 
David Day; Refining, Smith; Cracking Processes, Roland Day; Use 
Fuel Oils, Best; Internal Combustion Petroleum Engines, Arthur Golding- 
ham; Lubrication, John Gill; Pipe Standards and Use Pipe, Speller; 
General Tables; Current Petroleum Literature; Glossary; Index. 


Gertrude Elles. (Cambridge Geological Series.) Cambridge, Eng., 
University Press, 1921.. pp., pl., diagrams, maps, in., cloth. $4.00. 
(Gift Macmillan Co.) 


This book intended the attention students the fundamental principles 
geological map-reading, and show what can obtained from maps when read 
intelligently. 

MANUAL SEISMOLOGY. 

Charles Davison. (Cambridge Geological Series.) Cambridge Univ. 
Press, 1921. 256 pp., illus., diagrams, in., cloth. $7.00. (Gift Mac- 
millan Co., Y.) 
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The author has given outline present knowledge the origin earthquakes, their 
distribution, nature, intensity, frequency, propagation, and effects. the volume belongs 
series geological manuals, special attention given the geological aspects the 
subject, rather than those mathematical physical character. Good bibliographical 
footnotes are included. 


DUST EXPLOSIVES. 

David Price and Harold Brown. Bost., National Fire Protec- 
tion Association, [1922]. 246 pp., illus., diagrams, tab., in., cloth. $3.00. 

The authors this book are engineers and chemists connected with the Bureau 
Chemistry the Department Agriculture, who have been engaged investigation 
dust explosions mines and factories. the present work, they consider the nature and 
theory dust explosions, what explosions have done, and what has been learned studying 
those that have occurred various industries. They then discuss the measures that have 
proved most effective preventing explosions retarding their development when started. 
bibliography included. 


EXAMINATION HYDRO-CARBON OILS AND SAPONIFIABLE FATS AND WAXES. 


Holde. Second English Edition Translated from the Fifth German 
Edition Edward Mueller. John Wiley Sons; Lond., Chapman 
Hall, 1922. 572 pp., illus., tab., in., cloth. $6.00. 


This manual offers the oil chemist, one compact volume, general methods for investi- 
gating oils, petroleum and petroleum products, lubricants, natural asphalt, ozocerite, tars 
from various bituminous materials, saponifiable fats, and industrial products prepared from 
them, and waxes. This edition has been practically rewritten. Many completely new sec- 
tions special oils have been introduced, practically all chapters have been fundamentally 
revised, and much information included the substitutes for oils and fats used the 
German oil industry during the World War. 


CALCULATIONS QUANTITATIVE CHEMICAL ANALYSIS. 
Book Co., 1922. 200 pp., in., cloth. $2.00. 


This text the calculations quantitative analysis that (1) permits the instructor 
devote more time the the chemistry quantitative analysis; (2) aids the 
student grasping stoichiometric principles without extensive personal instruction; (3) 
provides ample material for home assignments and for quizzes; and (4) prepares the way 
more difficult problem work physical and engineering chemistry. 


VAN NOSTRAND’S CHEMICAL ANNUAL. 
Edited John Olsen. Fifth Issue, 1922. Y., Van Nostrand, 
1922. 900 pp., port., charts, tab., in., fabrikoid. $4.00. 


This book intended supply, convenient form, the tables and numerical data most 
frequently required chemists. The present fifth edition has been carefully revised and 
enlarged. The literature has been searched for new data the compounds listed the 
book and corrections have been made when necessary. considerable number new com- 
pounds have been included, and forty-six new tables have been added, 


INTRODUCTION THE CHEMISTRY SUBSTANCES. 
S..Russell. Toronto, Macmillan Company Canada, 1922. 173 pp., 
tab., charts, boards. $2.00. (Gift Macmillan Co., Y.) 


thor has given short account the chief facts concerning the chemistry 
present known, which intended for students the subject. 
stated be, far the author aware, the only book English, which reason- 


ably up-to-date. 


Paul Foote and Mohler. (American Chemical Society, Mono- 
graph Series.) Y., Chemical Catalog Co., Inc., 1922. 250 pp., plates, 
diagrams, tab., in., cloth. $4.50. 
the mathematical aspects the quantum theory spectra 
the authors this book feel that too little attention has been paid 
the experimental consideration the problem. The present book, therefore, devoted 
the presentation the experimental results that have been achieved and their relation 
theoretical developments. The volume forms one the series monographs issued the 


American Chemical Society. 


PATENT ESSENTIALS. 
John Robb. Lond., Funk Wagnalls Co., 1922. 436 pp., 


pl., charts, in., cloth. $5.00. 
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This text treats the nature patents, the mechanism their procurement, claim 
drafting, conduct patent cases, and special proceedings, forms. the work 
experienced patent attorney, but intended for laymen who wish understand the 
essentials law and practice before the Patent Office, rather than for experts. 


EXPORT MERCHANDISING. 


Walter Wyman. and Lond., McGraw-Hill Book Co., 1922. 
405 pp., illus., in., cloth. $4.00. 


The book contains extended discussion the principles which the American 
exporter should base his efforts, with advice concerning proper practical methods. All 
phases exporting are experienced exporter. 


SCIENCE PURCHASING. 


Helen Hysell. Y., Appleton Co., 1922. 261 pp., in., cloth. 
$2.50. 


The author discusses the qualifications purchasing agent, the principles and policies 
adopted, the legal, economic, and ethical principles observed, and the organization 
and conducting purchasing departments. 


THOMAS’ REGISTER AMERICAN MANUFACTURES, 1922. 
Y., Thomas Publishing Co., 1922. 4500 pp., in., cloth. $15.00. 


The Register answer immediately the three usual questions that arise every pur- 
chasing department. contains lists the makers more than 70000 articles and gives 
the capital rating and address each. also furnishes directory manufacturers, 
giving their addresses, lines, branches, Section lists more than 50000 trade named 
articles, with the names their manufacturers. For many years standard directory, this 
edition has been carefully revised the time issue. 


COST CONTROL AND ACCOUNTING FOR TEXTILE MILLS. 


Eugene Szepesi. Y., Bragdon, Lord Nagle Co., 1922. 441 pp., 
tab., in., fabrikoid. $10.00. 


suggested the Contents, this book discusses the various factors that contribute 
the cost manufacturing textiles and the methods determining their several contributions. 
system cost accounting described detail, which adapted the needs manu- 
facturers textiles. Contents: Cost Control Factors Article; Cost Article; 
Labor; Burden the Product; Burden and Its Proper Application; General Burden and Its 
Determining the Burden the End the Month; Manufacturing Waste, Its Control 
and Relation Cost Control Accounts Modern Cost Control Organization Records Con- 
trol General; Control Records Material Requirements; Control Records Supplies and 
Supply Purchases; Raw Materials, Their Physical Control and Control Records; Control 
Records Goods Process; Construction Production Records; Production Orders and 
Other Records Authorizing Records Registering Progress Production; Cost 
Without Red Tape. 


DAVISON’S TEXTILE “BLUE BOOK”. 
Thirty-fifth Annual Edition, July, 1922, July, 1923. Y., Davison 
Publishing Co., 1670 pp., in., cloth. $7.50. 


The text covers all phases the textile industry, including manufacturers, dealers, and 
commission merchants, every kind textiles, well dealers textile supplies. The 
directory entries give concisely the location, officers, number employees, and products 
each mill, arranged geographically. The edition has been thoroughly revised. 


HIGHWAYS GREEN BOOK. 


Third Annual Edition. Wash., C., American Automobile Assoc. 1922. 
427 pp., illus., port., in., cloth. $3.00. 


The book contains convenient summary the important highway activities 1921. 
The information includes accounts road improvements under Federal, State, and local con- 
trol, number papers construction and maintenance, and articles other engineering 
and economic topics. Will useful all students current highway development. 


INVENTION THE TRACK CIRCUIT. 

Y., Signal Section, Am. Ry. Assoc., 1922. 113 pp., illus., port., 
in., paper. 

honor the Fiftieth Anniversary the invention the track circuit Dr. William 
Robinson Brooklyn, Y., the present volume has been prepared Special Committee 
the Signal Section the American Railway Association. Section gives history the 
invention, Robinson’s patent, and his own description the invention. Section 
memorial Baldwin, formerly General Superintendent the Pennsylvania Railroad, 


who first installed automatic block signals controlled track circuits. Section describes 
the track circuit used Section treats European usage. 
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LUMBER, ITS MANUFACTURE AND DISTRIBUTION. 


Ralph Clement Bryant. John Wiley Sons; Lond., Chapman 
Hall, 1922. 539 pp., illus., map, tab., cloth. $4.50. 


This book intended text and reference book for students lumbering. treats 
first the manufacturing plant, discussing its location and arrangement, log storage, saw- 
mill equipment, saws, handling and transfer equipment. and power plants. The second sec- 
tion devoted lumber manufacture, and deals with labor, sawing, and trimming, seasoning, 
re-manufacture lumber, lumber products, mill refuse, and fire prevention. The concluding 
section, markets and marketing, treats lumber trade associations, grades and inspection, 
transportation, domestic and foreign markets, import trade, and tariffs. The Appendix con- 
tains bibliography, glossary, and tables statistics. The text covers subject which 
few general books are available. 


WOOD-PRESERVING TERMS. 
Ernest Hartman and Paddock. Y., Protexol Corporation, 


The book useful glossary terms used wood preservers, including chemical, 
pathological, and engineering terms, well those which are merely industrial. The 
definitions frequently are encyclopedic fullness and accompanied references the 
literature, that the pamphlet forms convenient reference work. 


CEMENTS, LIMES, AND PLASTERS. 

Edwin Eckel. Second Edition. Y., John Wiley Sons, Lond., 
Chapman Hail, 1922. 655 pp., illus., diagrams, maps, tab., in., cloth. 
$6.50. 


This book summary covering the composition and character the raw materials 
used for cementing structural materials, the methods manufacturing the latter, and their 
properties. The author pays especial attention the chemical and physical processes under- 
lying the manufacturing methods, but also discusses costs, output, etc. The new edition has 
been extensively revised and 100 pages have been added, chiefly relating Portland and 


magnesian cements and gypsum 


REINFORCED CONCRETE SIMPLY EXPLAINED. 

Oscar Faber. (Oxford Technical Publications.) Henry Frowde 
and Hodder Stoughton, 1922. pp., diagrams, cloth. 
(Gift Oxford Univ. Press, American Branch.) 


This book intended for readers who not aspire specialist’s knowledge, but want 
clear understanding the general principles involved reinforced concrete, 
able make simple designs safe, but not necessarily the last word economy, and take 
intelligent interest reinforced concrete construction. 


STRUCTURAL PROBLEMS. 
Young. Second Edition. Toronto, Eng. Univ. Toronto, 
1922. pp., diagrams, in., paper. $2.00. 


These are typical the design steel and timber structures, prepared 
assist students elementary structural design and used the author’s classes the Univer- 
sity Toronto guides the preparation similar designs. The problems not con- 
stitute systematic development the subject, but indicate the method applying structural 
theory the design number simple structures and members, Intended supplement 


lectures and textbooks. 


HYDRAULIC PRINCIPLES GOVERNING RIVER AND HARBOR CONSTRUCTION. 
Curtis McD. Townsend. (Engineering Science Series.) Y., Mac- 
millan, 1922. 189 pp., tab., in., cloth. $2.60. 


During his professional career, Col. Townsend has prepared numerous projects and has 
answered many criticisms the methods used the improvement rivers and harbors, and 
this book derived principally from these sources. treats the formation rivers, 
the flow water rivers, the flow sediment, flood prediction, river regulation, dikes, 
canalization, dredging, removal obstructions, reservoirs and levees, 
estuaries, river mouths, harbors, and the economics water transportation. bibliography 
included. The work excellent statement the principles governing the flow water 


natural channels. 


| 
| 
| 
| 
| 
| 
| 
| 
4 
q 


ENGINEERING LITERATURE 


December, 1922.] 


CURRENT CIVIL ENGINEERING LITERATURE 


KEY ABBREVIATED REFERENCES PUBLICATIONS INDEXED* 


Abbreviated References. Publication. 

Am. Concrete Institute, Proceedings (Y.) 

Institute Electrical Engineers, Journal (M.) 

ings 

Society for Testing Materials, Proceedings (Y.) 

Am. Soc. Society Civil Engineers, Proceedings (M.) 

Am. Soc. Mun. Impvts..American Society for Municipal Improvements, Pro- 
ceedings (Y.) 

Am. Assoc......American Waterworks Association, Journal (Bi-M.) 

Am. Wood Prs. Assoc..American Wood Preservers Association, Proceedings (Y.) 

Ann. des Travaux Publics Belgique (Bi-M.) 

Assoc. Ing. Gand......Annales des Ingénieurs sortis des Ecoles 
Spéciales Gand (Q.) 

Bost. Soc. Society Civil Engineers, Journal (M.) 

Can. Engineer (W.) 

Cem. and Engineering News (M.) 

Cornell Civil Engineer (M.) 

Dock Harbour.......Dock and Harbour Authority (M.) 

Eisenbau Lisenbau (M.) 

Eng. (W.) 

Eng. and Contracting (W.) 

Eng. Inst. Institute Canada, Journal (M.) 

Eng. News-Record (W.) 

Engrs. Club, St. L..... Engineers Club, St. Louis; Journal (Bi-M.) 

Engrs. Soc. Pa........Engineers’ Society Pennsylvania, Journal (M.) 

Engr. (W.) 

Engrs. and Engineering, Engineers’ Club Phila- 
(M.) 

Gesund. Ingenieur (W.) 

Inst. Civil Engineers Minutes Proceedings (Q.) 

Inst. Mun. Co. Municipal and County Engineers, Jour- 
nal (W.) 

Int. Ry. Railway Association, Bulletin (M.) 

Land. Architecture (M.) 

Mech, Engineering (M.) Journal the American 
Society Mechanical Engineers 

Mil. Military Engineer (M.) 

Min. and Metallurgy (M.) American Institute 
Mining Engineers 

Mun. Co. and County Engineering (M.) 

Assoc....New England Water Works Association, Journal (M.) 

Club......New York Railroad Club, Proceedings (M.) 

Oest. Ing. Arch, Ingenieur und Architekten Verein, 

(W.) 

Rev. Générale des Chemins Fer (M.) 

Ry. Age (W.) 

Ry. Main. Engr.......Railway Maintenance Engineer (M.) 

Ry. Review (W.) 

Schw. Bauzeitung (W.) 

Sci. Scientific American (M.) 

Soc. Ing. Civ. des Ingénieurs Civils Mémoires 
Comptes Rendus (Q.) 

Ver. deu. deutscher Ingenieure, Zeitschrift 

West. Ry. Railway Club, Proceedings (M.) 

West. Soc. Engrs..... Western Society Engineers, Journal (M.) 

Zeit. fur (Q.) 

der Bauverwaltung (Semi-Weekly) 


Place. 


Detroit 
New York 


Chicago 
Philadelphia 
New York 


New York 
Baltimore 
Baltimore 
Paris 
Brussels 


Ghent 
Boston 
Toronto 
Chicago 
Ithaca 
London 
Leipsig 
London 
Chicago 
Montreal 
New York 
St. Louis 
Harrisburg 
Pittsburgh 
London 


Philadelphia 
Paris 
Munich 
London 


London 
Brussels 
Harrisburg 


New York 
Washington 


New York 
Indianapolis 
Boston 
Brooklyn 


Vienna 
New York 
Paris 
New York 
Chicago 
Chicago 
Zurich 
New York 


Paris 
Berlin 
Chicago 
Chicago 
Berlin 
Berlin 
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Applied Sciences 


Processes Calculation 


Graphical and Nomographical Processes 

Einheitliche Bezeichnungen fiir die von Ingenieurbauwerken.* 
(Uniform Symbols for Calculations the Strength Engineering Structures.) Schaper. 
Bauver. Sept., ’22. 


Applied Mechanics 


Mechanics Solids (Strength Materials) 

Elastic Solids 

Bending Moments Pins Shafts Determined Graphically.* Winslow. Eng. 
Oct. °22. 

Verdrehung von Vierkanteisen mit Quadratischem und rechtechkigem Querschnitt.* (Torsion 
Quadrangular Iron with square and rectangular Section.) Dassen. ’22. 

Verdrehversuche mit von kreuzférmigem Querschnitt.* (Torsion Tests with Bars 
Cross-shaped Section.) Féppl. Ver. deu. Ing. Sept. ’22. 

Biegung durchlaufender Platten und rechteckiger Platten mit freien (Flexure 
Continuous Plates Rectangular Plates with Free Edges.) Nadai. Ver. deu. Ing. Sept. 

Jointed Systems 

Beitrag zur Theorie der gegliederten und gestiitzten Systeme.* (Contribution 
the Theory Variable Articulated and Supported Systems.) Geller. 
Serial beginning Aug., ’22. 

Heterogeneous Solids (Reinforced Materials) 

Torsional Strength Reinforced Concrete Beams.* Young. Can. Engr. Oct. 10, ’22. 

Calcul Répartition des Etriers d’une Piéce Fléchie Béton Armé. (Calculation and Dis- 
Supports for Bent Piece Reinforced Concrete.) Taton. Gen. 
Sept. ’22. 

Pulverulent Masses (Earth Pressure) 

The Distribution Pressure Surfaces Supporting Mass Granular Material.* Frank 
Harvey Hummel and Finnan. Inst. Pt. 

Les Procédés Géophysiques d’Etude Sous-Sol.* (Geophysical Processes for the Study 
the Subsoil.) Michaut. Gen. Civ. Serial beginning Sept. ’22. 


Hydraulics 

Processes Measurement 

Investigation the Herschel Type Weir.* Richard Morris and Albert 
Houston. Mech. Eng. Oct., 

Industrial Hydraulics 

Hydro-Electric Irrigation Installation.* Stephen Leggett. Inst. 1920— 

Lewis Moody. (Paper read before Univ. Toronto.) Can. Engr. 
une 

Queenston-Chippawa Hydro Power Development.* Can. Engr. July ’22. 

Nipigon Hydro-Electric Power Development.* Can. Engr. Aug. ’22. 

Situation the St. Lawrence Region.* Johnston. Can. Engr. Sept. 

Ueber Schwerkraftspannungen Rohrleitungen von grossen Durchmessern und deren 
rationelle Konstruktion.* (Upon Stresses due Gravity Large Diameter Pipe Lines 

and the Rational Construction the same.) Karlsson. Schw. Bauz. Sept. 

Pneumatic Mail Tubes and Operation Automatic Railroads.* Kenneth Stuart. Engrs. 
Eng. Oct., 

Turbine Evolution.* Birchard Taylor and Lewis Moody. Mech. Eng. 

First Pit River Power Project Completed.* Eng. Oct. ’22. 

“Zeleni Vir’’.* (The Electricity Works.) Bauver. 
uly 

Die Wasserkraftanlage den Norwegen.* (The Water Power Plant the 
Nore Falls Norway.) Eger. Bauver. Sept. 


Materials Construction and General Processes 


Lime, Cement, Mortar, Concrete, Brick, Bitumen, Timber, Gravel, etc. 


Cement and Concrete.* William Norman Thomas. Inst. 

Pt. 

Promoting the Art Making Good Concrete.* Tomlinson. Ry. Main. Engr. Serial 
beginning Oct., ’22. 

Nouveaux Procédés Mélange Matériaux des Liants dans Fabrication Béton 
des Pierres (New Processes for Mixing the Materials and Binders the 
Manufacture Concrete and Artificial Mare. Gen. Civ. Sept. 28, 

und des Betons.* (Cubic Strength and Degree Damp- 


Metals 
Standardisation des Cables Association Belge Standardization. (Standardiza- 
tion Wire Rope.) Assoc. Ing. Gan. Pt. 
Weicheisen.* (Researches Soft Iron.) Richard Baumann. Ver, deu. Ing. 
ept. 
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Messing als Werkstoff fiir Kondensatorrohre.* (Brass Material for Condenser Tubes.) 
Schimmel. Ver. deu. Ing. Sept. ’22. 


Rock Excavation. Mining. Rock Removal 
Abstracts Institute Papers Presented the San Francisco Meeting September, 1922.* 
Min. Metal Sept., 
Nouvel Appareil Sondage, Systéme Otlet.* (New Well Drilling Apparatus, Otlet System.) 
Claus. Gen. Civ. Sept. ’22. 
Abbaueinwirkungen auf und Massnahmen ihrer Verhiitung.* (Effects Mining 


Shafts and Methods for Protecting Them.) Vcn Marbach. Ver. deu. Ing. Sept. 16, 


Execution Works. Specifications 


How Eliminate Waste Construction Industry. Knickerbacker Boyd. (Paper read 
before Am. Construction Council.) Can. Engr. Sept. 19, ’22. 

Construction Costs. Connor. (From paper read before Construction Industries Con- 
ference.) Can. Engr. 17, ’22. 

Wood 

Greenheart Teredo Resistant Panama Locks.* Embree. Eng. Oct. 12, ’22. 

Beispiele neuzeitlicher Holzbauweisen.* (Examples Modern Methods Wooden Construc- 
tion.) Bauver. Sept. 20, 

Reinforced Concrete 

Reinforced Concrete for Water Retaining Structures. Ritchie. (Paper read before 
Inst. Water Engrs.) Can. Engr. July 25, 

Construction des Jetées Appontements Béton Armé.* The Construction Piers and 

Flying Bridges Reinforced Concrete.) Gen. Civ. Sept. 23, 


Foundations 
Foundation Tests for Nebraska State Capitol.* Oct. 12, ’22. 


Piles and 
Destructive Action Marine Borers. Hermann von Schrenk. (Paper read before Am. 
Assoc. Port Authorities.) Can. Engr. Sept. 26, ’22. 
Bond Strength Wood Piles Concrete.* Am. Soc. Oct., 
and Clay. Shenton. (From The Surveyor.) Can. Engr.. Oct. 
10, 


Tunnels and 
Colorado Prepares New Plans for Moffat Tunnel.* Sept. 23, ’22. 
Der Ausbau des zweiter Simplontunnels.* (The Completion the Second Simplon Tunnel.) 
Andreae. Bauver. Sept. 23, 
Der Bau des Simplontunnels (19.825 m.). (The Construction the Simplon Tunnel JI.) 
Wagner. Oest. Ing. Arch. Ver. 29, ’22. 


Highways 


Construction 


Controlling Quality Materials Highway Construction. John Bateman. (Paper read 
before Conference Highways Eng., Univ. Mich.) Can. Engr, June 20, ’22. 

Portland Cement Concrete Roads. James Allen. (Paper read before Canadian Good Roads 
Assoc.) Can. Engr. June 20, ’22. 

Drainage Methods for Prairie Roads. MacKenzie. (Paper read before Canadian Good 
Roads Assoc.) Can. Engr. June 27, ’22. 

Improving Earth, Clay and Sand Roads. Robertson. (Paper read before Canadian 
Good Roads Assoc.) Can. Engr. June 27, ’22. 

Inspection and Control Concrete Materials. Crum. (Paper read before Iowa Eng. 
Soc.) Engr. July 25, ’22. 

Road Drag Competition Saskatchewan. Carpenter. (Paper read before Canadian 
Good Roads Assoc.) Can. Engr. July 25, ’22. 

Selection Mineral Aggregates for Concrete Roads. Duff Abtams. (Paper read before 
Am. Road Builders’ Assoc.) Can. Engr. Aug. ’22. 

Design Rigid Type Road Surfaces.* Goldbeck. (From paper read before Am. 
Assoc. State Highway Officials.) Can. Engr. Aug. 

Laying Concrete Culvert Pipe.* Paul Kircher. Ry. Rev. Sept. 23, 

Experiment Asphalt Paving Philadelphia, Pa. Julius Adler. Eng. Sept. 28, 

Road Inaccessible Canyon Built Novel Method.* Eng. Sept. 28, 

Methods That Results Bitumin Road Crossings.* John Stanley Crandell. Ry. Main. 
Engr. Oct., ’22. 

Value Present Tests for Granite Determining Probable Wear Pavements. Clarence 
Pollock. Mun. Co. Eng. Oct., ’22. 

Constructing Bituminous Concrete Pavement Crushed Stone Base Heavy Traffic Provi- 
dence-Danielson Pike Rhode Island.* Irving Patterson. Mun. Co, Eng. Oct., 

Effect Pavement Design Upon Costs.* Walter Rosengarten. Can. Engr. Oct. 

Methods Constructing Brick Pavements. Arthur Blanchard. (Paper read before Con- 
ference Highway Eng. Univ. Michigan.) Eng. Contr. Oct. ’22. 

Systematic Survey Gravel for Roads. Wallace Purrington. (Paper read before Am. 
Road Builders’ Assoc.) Eng. Contr, Oct. ’22, 

Paving the Streets Zion with Concrete.* Eng. Contr. Oct. ’22. 

Practice Tar Road Construction Great Britain. Eng. Oct. 

Concrete Road Tests Completed Pittsburg, Cal. Eng. Oct. 

Construction and Maintenance Low Cost Road Surfaces. William Bosler. (Paper read 
before Highway Convention, Univ. Kentucky.) Can. Engr. Oct. 17, 
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Pavement Continue for Five Years.* Eng. Oct. 19, ’22. 
Ein Kapitel aus dem Wege- und Strassenbau.* Chapter Road and Street Building.) 
Giger. Schw. Bauz. Sept. 16, ’22. 


Maintenance 
Experiments Improving and Maintaining Our Prairie Roads. Clark. Can. Engr. 
June 27, ’22. 
Road Oils and Their Properties Demonstrated Current Tests.* Baskin. Can. 
Engr. Aug. ’22. 
How Illinois County Maintains Its Highways. (Paper read before Con- 
vention Illinois County Superintendents Highways.) Eng. Contr. Oct. ’22. 


Street Cleaning, Dust Prevention, Snow Removal 
Street Cleaning Methods and Costs Akron, Ohio.* Frank Tolles. Eng. Sept. 
28, 
Machinery and Tools 
Economical Methods Handling Materials. Bowlby. (Paper read before Canadian 
Good Roads Assoc.) Can. Engr. June 27, 


Vehicles. Automobiles. Traffic. 


Efficient Methods Providing for During Highway Construction. Hirst. 
before Conference Highway Eng., Univ. Michigan.) Can. Engr. 
uly ’22. 

Maximum Weights, Speeds, Motor Trucks. Cornell. (Paper read before 
Canadian Good Roads Assoc.) Engr. July 11, ’22. 

Modern Transport. Hugh McDiarmid. Inst. Mun. Co. Sept. 26, ’22. 

Effect Wheel Diameter Highway.* Kemp and Crawford. (From The 
Commonwealth Engineer.) Eng. Contr. Oct. ’22. 

Government Road Tests Show Progress.* Contr. Oct. ’22. 

How Pennsylvania Marks Its Detours. Eng. Contr. Oct. 

Traffic Capacity and Width Highways. Smith. (From paper read before National 
Highway Traffic Assoc.) Eng. Contr. Oct. ’22. 

Marking System for Illinois State Roads.* Ralph Benedict. Eng. Oct. 12, ’22. 


Miscellaneous 
Organization and Personnel Applied Roads Scotland. Forbes and James Andrew. 
Inst. Mun. Co. Engrs. Sept. 26, ’22. 
Quarry and Road Plant.* William Ellacott. Inst. Mun. Co. Engrs, Sept. 26, ’22. 
The Road Problem South Africa. Lloyd Davies. Inst. Mun. Co. Engrs. Oct. 10, ’22. 
Colorimetric Test for Concrete Sand Studied.* Charles Proudley. Eng. Oct. 12, 


Bridges, Viaducts, and Arches 


Iron Steel Bridges and Viaducts 

Plans Metallic Superstructure for Rail-Bridges.* Albert Ronsse. Int. Ry. Assoc. 
July,..’22. 

Revised Steel Railway Bridge Specification, Canadian Engineering Standards Association. 
Can. Engr. July 11, ’22. 

Surfacing Driveway Victoria Bridge.* Irving Parker. Can. Engr. July 11, 

Annapolis River Bridge, Annapolis Royal, Archibald. Can. Engr. July 25, ’22. 

The Railway Bridges. Wilson. (Paper read before British Assoc.) Eng. 
Sept. 15, 

Highway Bridge East Angus, Que.* Edward Holgate. Can. Engr. Sept. 
26,’ 22. 

Tentative Speeifications for Steel Railway Bridges.* Discussion: Charles Evan Fowler and 
Alfred Niles. Am. Soc. Oct., ’22. 

Strengthening Truss Bridge Over Tracks Chicago.* Eng. Oct. 12, ’22. 

Strassenbriickenbauten und Mazedonien.* (Highway Bridge Construction Old 
Servia and Macedonia.) Oest. Ing. Arch. Ver. July 21, ’22. 

Die der Eisenbahnbriicken, eine notwendige Voraussetzung fiir die 
von Grossguterwagen und von schwereren Lokomotiven.* (The Strengthening Railroad 
Bridges, Necessary Premise for the Introduction Large Freight Cars and Heavy 
Locomotives.) Kommerell. Ver. deu. Ing. Sept. 23, 


Concrete and Reinforced Concrete Bridges and Viaducts 


Note sur Pont-Route Randan (Ligne Riom Vichy).* (Note the Rondan High- 
way Bridge (Line from Riom Vichy.) Chartiée Blot. Rev. Gen. Sept., 
Pont Béton Armé, (Ande).* (Reinforced Concrete Bridge Castel- 
naudary (Ande). Paul Thomann. Gen. Civ. Sept. ’22. 

Modern Specification for Concrete Bridge Construction. Can. Engr. July 11, 

Cumming’s Bridge Across Rideau River, Ottawa.* Guy Dale. Can. Engr. Aug. 

Placing Concrete Several Methods Same Job.* Eng. Sept. 28, ’22. 

The Comparison Concrete Groined Arches Aid Their Design.* Philip Macqueen. 
Am. Soc. Oct., 

Building Five-Span Concrete Bridge Cold Weather.* Scales. Oct. 

Boldly Designed Center for Heavy Concrete Arch.* Eng. Oct. 19, 


Computations, Tests, etc. 


-Locomotive Loadings for Railway Bridges.* Discussion: Purdon, Robert Strachan, 
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Rogers, Stone, Harold Bird, Almon Fuller, Carlton Bishop, Clyde 
MacCornack, and Disney. Am. Soc. Oct., ’22. 


Inland Waters 


Canals (General Articles) 


Panama Canal Ample for Least Years.* Baxter. Eng. Oct. 
19, 


Regulation Waterways—Volume Discharge, Freshets, Floods, Soundings 
Silt.* Herbert Chatley. Inst. Pt. 
Silt Observations the River Tigris.* Alfred Dale Lewis. Inst. Pt. 
The Measurement the Discharge the Nile Through the Sluices the Assuan Dam.* 
Murdoch MacDonald and Hurst. Inst. Pt. 
Flood Discharge and the Dimensions Spillways India.* George Branby Williams. 
Engr. Sept. 29, ’22. 
Island Removal Causes Scour Upstream.* Ivan Houk. Eng. Contr. Oct. 11, ’22. 
Checked Against Hydraulic Formulas.* Benjamin Jones. Eng. 
ct. 12, 


Diverting Dams. Locks. Lifts. Inclined Planes 

Some Notes the Location and Construction Locks and Movable Dams the Ohio 
River, with Particular Reference Ohio River Dam No. 18. Discussion: Gardner 
Williams and Morris Knewles. Am. Soc. Oct., ’22. 

Schleusen und bewegliche Wehre kanalisierten and Movable Weirs 
the Canalized Ohio.) Schinkel. Bauver. Sept. 13, ’22. 

Wehranlage der Weser bei Bremen.* (Weir Installation the Weser Bremen.) 
Schw. Bauz. Sept. 23, ’22. 


River and Lake Ports, Equipment 


Illiana Harbor. Judson. West. Soc. Engrs. July, ’22. 
Petroleum Spirit Dock the Manchester Ship Canal.* Sept. 29, 


Utilization Inland Waterways, Freight, Capacity 
Water Borne Transportation Inland and Marine.* John Millis. West. Soc. Engrs. Oct., 


Maritime Works 


Dredges and Dredging. Pumps. Refloating and Removing Wrecks. Ice-Breakers 


The Grab Dredger.* Oglethorpe. Dock and Harbour Oct., ’22. 
Suggestions for the Installation and Operation Dredging Pumps.* Cem. Eng. Oct., ’22. 


Wharves. Mooring Buoys. Equipment 


Factors Port Which Determine the Kind and Amount Freight Handling Machinery. 
Jr. (From paper read before Am. Assoc, Port Authorities.) Can. Engr. 
Oct. 

Port Péche Lorient (France).* (The Lorient (France) Fishing Port.) Bouckaert 
Mullie. Ann. Belg. Aug., ’22. 


Harbors (General Articles) 


Port Improvements Newcastle, New South Wales.* Percy Allan Inst. Pt. 
Development.* George Nicholson. Dock and Harbour Serial beginning 

Control Waste Fuel Oil Harbors. Bancroft (From paper read before Am. Assoc. 
Port Authorities.) Can. Engr. Oct. ’22. 

Seaports Nation and World Planning. Cyrus Kehr. (Abstract paper before Am. Assoc. 
Port Auth.) Can. Engr. Oct. 17, 

Richtlinien fiir die Aufstellung von (Guides for the Arrangement 
Harbor Construction Plans.) Bauver. Sept. 16, 


Utilization Inland Waterways. Capacity 


and River Jetties.* Dock and Harbour Serial beginning 
ct., 


Railroads. Street and Interurban Railways. Automobiles. Aeronautics 


Railroads 
General articles 
Development Concrete Railway Construction.* Hirschthal. Ry. Age Oct. 14, ’22. 
Das Gedingeverfahren den der Deutscher Reichsbahn.* (The Contract Method 
the German State Railroad.) Hans Martens. Ver. deu. Ing. Sept. 
Compte Rendu Sommaire des Séances Session Congrés International des Chemins 
Fer Tenue Rome 1922. (Summary Report the Meetings the 9th Session 
the International Railway Congress, held Rome 1922). Rev. Gen. Sept., 
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Location 

Reverse Studies Detect Errors Railroad Location. Conard. Sept. 28, ’22. 

Roadbed. Construction Work. Tunnels 

Culvert Pipe.* Kircher. Ry. Rev. Sept. 23, ’22. 

Trac 

Cleaning Track with Power Driven Sweeper.* Ry. Age Oct. ’22. 

Tie Preservation Danish Railroads.* Eng. Contr. Oct. 18, ’22. 

Oberbau fiir erhéhte Raddriicke.* (Permanent Way for Increased Wheel 
Ver. Ing. Sept. 23, ’22. 

Eiserne Hohlschwelle.* (Hollow Iron Ties.) Ver. deu. Ing. Sept. 23, 

Signals and Safety Apparatus 

Train Orders Signal Indications.* Fugina. Ry. Age Sept. 23, ’22. 

Rolling Stock (Locomotives, Cars) 

St. Paul Adopts Water Treatment Large Scale.* Herschel Koyl. Ry. Age Sept. 23, ’22. 

The Ljungstrom Turbine-Driven Locomotive.* Ry. Age Sept. 23, 

Design and Operation the Unit Railway Steam Car.* Ry. Rev. Sept. 30, ’22. 

Recording Riding Qualities Cars.* Crocker. Ry. Rev. Sept. 30, ’22. 

Extensive Treating C., St. Ry.* Herschel Koyl. Eng. 
Oct. 

Steam Applied Hungarian Motive Power.* Desider Ledacs Kiss. Ry. Rev. 
Oct. 

The Design Modern Steel Freight Car Equipment.* John Pilcher. (Paper read before 
Ry. Club Pittsburg.) Ry. Rev. Oct. ’22. 

The Performance Locomotive the Union Pacific.* Ry. Rev. Oct. 14, ’22. 

Service Records Mountain Type Locomotives.* Ry. Age Oct. 14, ’22. 

Modifications Apportées par Compagnie son Systéme Chauffage des Trains.* 
the Eastern Company Its System for Heating Trains.) Rev. 
Gen. Sept., ’22. 

Les Nouvelles Voitures-Lits Compagnie Internationale des Wagons-Lits.* (The New 
Sleeping Cars the International Sleeping Car Company). Gen. Civ. Sept. 16, ’22. 

Die Kunze-Knorr-Giiterzugbremse.* (The Kunze-Knorr Freight Car Kurt Wiede- 
mann. Ver. deu. Ing. Sept. 23, ’22. 

Grossgiiterwagen fiir Massenverkehr.* (Large Freight Cars for Bulk Transportation.) 
Gustav Laubenheimer. Ver. deu. Ing. Sept. 23, 

Die Grundlagen des Arbeitsdiagrammes eines Lokomotiv-untersuchungswerkes.* (The Basis 
Working Plan Locomotive Testing Works.) Neesen. Ver. deu. Ing. Sept. 

Mechanische Lokomotivfeuerungen.* (Mechanical Locomotive Firing.) Meineke. Ver. 
deu. Ing. Sept. 23, 

Use Electricity 

The Electrification the Turin-Cirie-Valleys Lanzo Railway with Continuous Current 
4000 Volts.* (From Revista dei Trasporti.) Int. Ry. Assoc. Sept., 

Adapts Electrification Terminal Ry. Age Oct. 21, ’22. 

L’Electrification Chemin Fer Turin Ceres Courant Continu 4000 Volts. 
the Railroad from Turin Ceres with Continuous Current.) 
Gen, Civ. Sept. 16, 

Die Hochspannungsleitung Bevers-Albulawerk der Werke fiir Elektrizitat.* (The 
Bevers-Albula-Plant High-Tension Line the Retian Electric Works.) Lorenz. Schw. 
Bauz. Serial beginning Sept. 16, ’22. 

Stations. Engine Houses. Shops 

New Shop Agreements Have Novel Features. Ry. Age Sept. 10, ’22. 

New Engine House Construction Southern Pacific.* Ry. Rev. Sept. 23, 

Work Under Way Union Station Headhouse.* Ry. Age Sept. 30, ’22. 

Temporary Passenger Station Unusual Design.* Ry. Main. Engr. Oct., 

Railway Car-Icing Plant Serve Refrigerator Trains.* Eng. Oct. 19, ’22. 

Bridge and Building Meeting Cincinnati. (Reports presented Am. Ry. Bridge and 
Building Assoc.) Ry. Age Oct. 21, ’22. 


Special Railroads 
Aerial Railroads (funicular, monorail) 
Cable-Way Among the Clouds.* Harrison Burlingham. Sci. Am. Nov., ’22. 
Narrow Gauge. Light Railways 
Automatic Couplings Light Railways.* Bonnevie. Int. Ry. Assoc. July, ’22. 


Street Railways. Elevated Railways. Subways 

Trac 

Rehabilitation Street Railway Tracks.* Walker. Bost. Soc. Sept., 

Rolling Stock 

Steam-Propelled Unit Railway Motor Car.* Ry. Age Oct. 14, ’22. 

Traction 

Nine Methods for Reclamation Poles.* (From Committee Report Am. Elec. Eng. 
Assoc.) Eng. Contr. Oct. 18, ’22. 


Automobiles 


Internal Combustion Engine Automobiles 
French Suction Gas Lorries.* Engr. Sept. 29, ’22. 


Aeronautics 
Aeroplanes 
Gliders and Gliding.* Sci. Am. Nov., 
Der (Gliding Flight.) Jos. Hofmann. Bauver. Sept. 16, ’22. 
Aerodromes and Landing Fields 
Airship Sheds and Their Erection.* Luke Hamilton Larmuth. Inst, 1920-21, Pt. 
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Recent Types Reinforced Concrete Sleepers.* Desprets. Int. Ry. Assoc. 

uly, 

How Lay Out and Build Airplane Landing Field.* Archibald Black. Eng. 
Sept. 28, 

Balisage Lumineux Aérien. (Erecting Aerial Light Beacons.) Ed. Marcotte. Soc. Ing. 
Civ. Fr. April—June, ’22. 


Municipal Water-Works. Agricultural Engineering 


General Articles 
The Amritsar Hydro-Electric Irrigation Installation.* Stephen Leggett. Inst. 1920-21, 


Die der Stadt Oberstein N.* (The Enlargement the Water- 
works Oberstein, N.) Kurz. Gesund. Ing. Sept. 16, 


Resources 


Water Resources Index Inventory Filing System.* Can. Engr. July ’22. 

Théorie Captage des Eaux Soutcrraines dans les Sables Aquiféres son Application 
aux Eaux Campine.* (Theory the Collection Underground Waters Water- 
Bearing Sands and Its Application the Waters the Campine.) Francois. Ann, 
Belg. Aug., ’22. 


Dams and Reservoirs 


Hinckley Reservoir Operation.* Edward Gibson. Cornell Oct., ’22. 

Tentative Plan for the Construction 780-Ft. Rock-Fill Dam, the Colorado River, 
Lee Ferry, Arizona.* Discussion: Samuel Fortier. Am. Soc. Oct., ’22. 

Aerial Serve Mixing Plant Gilboa Dam.* Charles Traber. Eng. 

The Littleton Reservoir for the Metropolitan Water Board.* Eng. Serial beginning Oct. ’22. 

Core Walls Reclamation Service Dams.* Howell. (From Reclamation 
Record.) Eng. Contr. Oct. 11, 

Dam Construction New England.* Eng. Contr. Oct. 18, ’22. 


Analysis and Purification Water 
Modern Water Filtration Plant Built Ashland, Kentucky.* Donald Maxwell. Mun. 
Co. Eng. Oct., 
Pollution Water Supply Sources. Edward Wall. Mun. Co. Eng. Oct., ’22. 
Filtered Well Water Recommended for Memphis, Tenn. Eng. Oct. ’22. 
Water Treatment Works Buenos Aires, Argentine Republic.* Eng. Oct. 12, ’22. 


Distribution Water 

Irrigation Canals Graphically Determined.* Baumann. Can. Engr. July 

Line Augments Kansas City Water Supply.* Frank Miller. Cem. Eng. 
Oct., 

Drainage Ditches for Rio Grande Irrigation Project.* Lawson. Eng. Oct. 

Notes Meters for Town Water Distribution. Burt Andrews. Inst. Mun. Co. 
Engrs. Oct. 10, ’22. 

The High Pressure Fire System Boston. Mcinnes. Eng. Contr. @ct. 11, ’22. 

Alimentation, Eau Potable, l’Agglomération Bruxellois des Principales Villes 
Basse Belgique. (Supplying Potable Water the Brussels District and the Principal 
Cities Low Belgium.) Walin Deblon. Assoc. Ing. Gand. Pt. ’22. 


Drainage Land 
The Drainage Auckland, New Zealand.* Walter Ernest Bush. Inst. 


Sewerage. Sewage and Refuse Disposal 


Sewers and Drains 
The Southern and Western Suburbs Ocean Outfall Sewer, Sydney, New Wales.* 
Algernon Peake. Inst. Pt. 
Berechnungsregen.* (Rainfall Calculations.) Schubert. Gesund. Ing. Sept. ’22. 


Sewage Disposal. Purification 


Activated Sludge. John Hawarth. (From Water and Water Engineering.) Can. Engr. 
July 25, 
Some Recent Experiences the Process Sewage Disposal. Haigh Johnson. (Paper 
read before Assoc. Managers Sewage Disposal Works.) Can. Engr. Sept. 19, ’22. 
Disposal Plant Chicago Heights, Ill.* Sherman. Eng. 
Sept. 

Cleveland’s Westerly and Sewage-Works Use.* George Gascoigne. Eng. 

Notes Two New Sewage Treatment Louis Tribus. Mun. Co. Eng. 

10, 

Fertilizing Value Activated Sludge. Brown. (From Annual Report Provincial 

Board Health Ontario.) Can. Engr. Oct. 10, 
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Rules and Regulations for Operating Iowa Sewage-Works. Eng. Oct. 12, ’22. 
Disposal Activated Sludge. Can. Engr. Oct. 17, ’22. 
Sewage Pumping Station for London, Ontario.* Hector Philips. Can. Engr. Oct. 17, 
Sewage Tanks for Trickling Edmund Besselievre. Eng. Oct. 
Refuse Disposal 


Zur Bekimpfung der Fliegenentwicklung auf (On Fly 
Refuse Dumping Grounds.) Wilhelmi. Gesund. Ing. Sept. 


Miscellaneous 


L’Assainissement des Agglomérations des Cités Ouvriéres.* (Sanitation Manufacturing 
Districts and Cities.) Ch. Dantin. Gen. Civ. Sept. 

Einfluss von Anlagen der Stadteassanierung auf die Volksgesundheit und deren Bedeutung 
volkswirtschaftlicher Hinsicht.* (The Influence Works Municipal Sanitation 
the Health the Public and Their Significance from Economic Voit. 
Gesund. Ing. Sept. 23, ’22. 


Heat Engines. 


Steam ‘Engines. Boilers 
Dampfverlust Labyrinthdichtungen.* (Steam Losses Labyrinth Packings.) Wink- 
haus. Ver. deu. Ing. Aug. 26, ’22. 
Forces Rotary Motors.* Karl White. Mech. Eng. Oct., ’22. 
The Degasification Boiler Feedwater.* McDermet. Mech. Eng. Oct., ’22. 


Steam ‘Turbines 


Expect from the Compound Gas Wohlenberg. Power Oct. 
Another Corliss Engine Firm Building Unaflow Engines.* Power Oct. 17, 


Gas and Oil Engines 


Swedish Solid Injection Oil Engine.* Engr. Sept. 22, 
British Blast-Furnace Gas Engines.* Power Oct. 17, ’22. 


Electricity 


Distribution and Transmission Electricity 

Power Plants 

Hydro-Electric Irrigation Installation.* Stephen Leggett. Inst. 

the Harvard Medical School, Boston, Mass.* Charles Hubbard. Power 

ept. 

Municipal Power Problems Paris, Missouri. Frauens, Jr. Mun. Co. Eng. 

ct., 

Purchased Power for Coal Mines. Paul Clayton. Soc. Engrs. Oct., ’22. 

Purchased Power for Coal Mine Operations. Adams. West. Soc. Engrs. 

ct., °22. 

Distribution and Wiring Electricity 

Transmission Systems.* Herbert Bristol Dwight. 

Test and Investigations Extra High-Tension Insulators.* Coleridge Farr and Henry 

Deux Méthodes Rapides pour Calcul des Lignes Electriques Courant Continu.* (Two 
Rapid Methods for Calculating Direct-Current Electric Lines.) Dareste. Soc. Ing. 
Civ. Fr. April—June, 

Transformers and Converters 

Réduction des Pertes Vide dans les Postes Transformation Statiques.* (Reduction 

from Low Load Static Transformer Stations.) Négre. Gen. Civ. Sept. 


Mechanical Uses Electricity 
Electric Motors 
The Automatic-Start Polyphase Induction Motor.* James Hamilton. Oct., 


Electro-chemistry and Electrometallurgy 


Les Nouveaux Laminoirs Electriques des Aciéries Hadfield, Sheffield.* (New Electric Roll- 
ing Mills the Hadfield Steel Works, Sheffield.) Gen. Civ. Sept. 23, 


Signals and Communication 


The Relay Automatic Telephone System.* Eng. Sept. 29, 

From the Bourse New York.* Francis Mann. Sci. Am. Nov., 

Les Machines Cryptographier leurs Applications dans Télégraphie sans Fil. (The 
New Cryptographic Instruments and Their Applications Wireless Telegraphy.) 
Givierge. Gen. Civ. Sept. ’22. 

Nouvelle Station Américaine Long Island prés New York.* (The New 
American Wireless Telegraph Station Long Island, near New York.) Jacques Lynn. 
Gen. Civ. Sept. 

Transmission des Ondes Radio-télégraphiques aux Grandes Distances. (Transmission 
Radiotelegraphic Waves Over Long Distances.) Gen. Civ. Sept. 
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Miscellaneous 


Fortschritte der Elektrotechnik Auslande seit Kreigsbeginn.* (Progress Electro- 
technics Abroad Since the Beginning the War.) Passavant. Ver. deu. Ing. Aug. 26, ’22. 


Architecture 


Storage Buildings 
Quick Work Winter Job. Cem. Eng. Oct., ’22. 


Hospitals and Asylums 


Zwei Krankenhausentwiirfe fiir Dalmatien. (Two Hospital Plans for Dalmatia.) Max Setz. 
Oest. Ing. Arch. Ver. Serial beginning July 21, ’22. 


Other Buildings 


Ohio Stadium, Double-Deck Steel and Concrete Horseshoe.* Eng. Oct. 19, ’22. 

Die Marienkirche Frankfurt Oder.* (The Church Mary Frankfurt the 
Oder.) Bauver. Sept. ’22. 

Mittelalterliche Hilfslinien und die Wiederherstellung des Drontheimer Domes.* (Medieval 
Auxiliary Lines and the Reconstruction the Drontheim Cathedral.) Hasak. 
Bauver. Sept. ’22. 

Die neue Flammbestattung auf dem Friedhof Berlin-Wilmersdorf.* (The New Crematory 
the Cemetery Berlin-Wilmersdorf.) Fritz Bauver. Sept. 16, ’22. 


Fire Protection 


Fire Tests Gunite Walls. (From Report issued National Board Fire Underwriters.) 
Can, Engr. Aug. 

The Resistance Fire Concrete and Reinforced Concrete.* Lea and Stradling. 
(Paper read before British Assoc.) Eng. Serial beginning Sept. 15, 

New Orleans Army Base Destroyed Fire.* Arthur Shaw. Eng. 

ct. 

Recent Fire Tests Loaded Timber Columns. Theodore Laist. (Paper read before 

Building Officials Conference.) Can. Engr. Oct. 10, 


Miscellaneous 


Landscape Engineering. City Planning 


Proposed Federal District for Ottawa. (From Journal the Town Planning Inst. 
Canada.) Can. Engr. July ’22. 

Planning Relation Sanitation. Wynne-Roberts. Can. Engr. 

Town Planning. William Allan Macartney. Inst. Mun. Co. Engrs. Sept. 

Relation City Development. Lawson Purdy and others. Engrs. Eng. 

Some Street Widening Business Districts. Grunsky. Mun. Co. 
Oct., 

Zoning By-Law Regulations Proposed for Municipalities Town Planning Districts. 
Horace Seymour. Can. Engr. Oct. 17, ’22. 

Internationaler Wettbewerb einen Regulierungsplan fiir die Beograd.* 
(International Competition Governing Plan for the Capital City, Belgrade.) 
Mreule. Oest. Ing. Arch. Ver. July 21, ’22. 


Administration. Legislation. Economics. Statistics 


Administrative and Financial Management Means Communication 
Routes and 
Considerations for Road Policy. Lyons. Eng. Inst. Can. Oct., 
Legislation—Questions Concerning Wages and Working Conditions 
Engineering Profession Act, Province Ontario.* Can. Engr. June 20, 


Surveying and Geodesy 


Easy Method Obtaining the True Bearing Line Observation the North Star.* 
Lovelace. Can. Engr. Sept. 26, ’22. 

Sources Error Occurring Boundary Surveys. Hodgson. Eng. Sept. 28, 

Air Photos Plane-Table Sheets Aid Mapping.* Fiske. Eng. Oct. ’22. 
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SOME NOTES THE LOCATION AND CONSTRUCTION 
LOCKS AND MOVABLE DAMS THE OHIO 
RIVER, WITH PARTICULAR REFERENCE 
OHIO RIVER DAM NO. 18. 


This paper presents briefly history the improvement navigation 
the Ohio River. 

maintain navigable depth during the low stages the river and 
influence little possible the flood heights during the high stages, movable 
dams with locks were constructed. 

The considerations influencing ‘the design, and construction 
these dams, together with some notes operation, are discussed the 
writer, with particular reference Ohio River Dam No. 18. 


INTRODUCTION 


Historical—tThe first work aiding and improving navigation the 
Ohio River consisted the removal snags, boulders, and bars, the 
ing dams for closing the smaller and less important channel islands, 
the building spur-dikes narrow the channel some the bars and 
shoals, and, later years, the dredging shoals and the building ice 
piers protect boats from floating ice when “harbors” protected places 
alongshore. All these methods failed maintain minimum depth ft. 


discussion will published subsequent number Proceedings, 
when finally closed, the papers, with discussion full, will published Trans- 
actions. 


Parkersburg, Va. 
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for navigation during dry seasons and, last resort, the more expensive 
method improvement with locks and dams was undertaken. 

The first appropriation the National Government for the Ohio River 
was made 1824, and the improvement the river the open-channel 
method was commenced 1827. From 1825 1830, private company, 
under charter from the State Kentucky, built the Louisville and Portland 
Lock Canal for carrying traffic around the Falls the Ohio (Mile 604 below 
the head). February 8th, 1885, the United States acquired the stock 
the Company and thereafter operated and improved the Canal. 

1870, the late Milnor Roberts, Am. Soc. E., made the first 
written recommendation record for changing the method navigation 
that locks and movable dams. 1874, the late Maj. Merrill, 
Corps Engineers, A., Am. E., the improve- 
ment the upper river from Pittsburgh, Pa, Wheeling, Va., 
system thirteen locks and movable dams. The River and Harbor Act 
March 3d, 1875, appropriated for starting construction Lock 
and Dam No. the head Davis Island, about five miles below Pittsburgh, 
which lock and dam was opened for operation October 7th, 1885. 

Since that time, enactments irregular intervals, locks and dams 
No. 39, inclusive (Mile 529), have been constructed and Nos. 41, 43, 44, 45, 
and have been placed under construction. these, thirty-three have been 
placed operation. 

Physical Ohio River (Fig. formed the confluence 
the Allegheny and the Monongahela Rivers Western Pennsylvania. 
flows general southwesterly direction and empties into the Mississippi 
River, the two, near their confluence, forming the southern boundary 
Illinois. The total length the Ohio 968 miles, and has drainage 
area sq. miles. The discharge the head varies from about 600 
sec-ft. low water 440000 sec-ft. during flood, and, similarly, the 
mouth, from 500 1500000 sec-ft. low water the average fall is, 


follows: 

Miles. Inches per mile. 


The width the channel increases gradually from about 850 ft. near the 
head ft. point miles above the mouth. The extreme stages 
the river given gauge records various points are, follows: 


Pittsburgh, Pa....... (Mile 1), highest stage 35.5 ft. 1907 


186), “ “ 


58.9 1913 


Louisville, Ky., below 


Including ft. 


miles the Louisville Falls. 
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During the low-water season, which occurs between July and December, 
the stage rarely falls the zero the gauges, but many seasons has 
been below ft. for days and occasionally for months. 

Table which covers period several years before any dams were built, 
indicates the duration navigation for ft. stages higher. 


TABLE 


Miles below head. Days over 9-ft. stage. 


Extent Water inland water route for greatest tonnage and 
importance the development the United States that from the easterly 
end Lake Erie the westerly end Lake Superior. Second it, the 
route from Western Pennsylvania down the Ohio and Mississippi Rivers the 
Gulf Mexico. Professor Hurlbert has well said his history:* “From 
whatever standpoint one views the Ohio River, has most interesting 
history; but them all none more attractive important than that from 
which appears strategic avenue National expansion.” 

the settling and building the Middle West, the Ohio River was one 
the great highways, and when National, rational, and wise regula- 
tions have been adopted, will continue exert great influence traffic 
and the upbuilding the country through which flows. Possibly subject 
National policy requiring large expenditure has been more abused, dis- 
torted, and used for political and private ends, during the past fifty years, 
than the river and harbor appropriations. Notwithstanding that condition, 
the project wrought out for improving this great river appears creditable 
the country and the Governmental agents charge. From the viewpoint 
the engineer employed the improvement now projected and progress 
during the past two decades, less interesting than was the 
explorer and pioneer, one two centuries ago. 

The mileage navigable water the Ohio River System about 
follows: 


“The Ohio River.” 


117 
119 
183 141 
353 216 
469 248 
790 198 
968 302 
968 miles 
38 “ 
90 “ 
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Tug Fork miles 
Levisa Fork...... 
Green River 
Barren River 
Wabash River.. 100 
Cumberland River...... 518 


8173 miles 


The Ohio and the Great Lakes Systems will probably connected between 
Pittsburgh and Lake Erie and, possibly, across thereby making 
inland system great National importance. These projects are now being 
strongly advocated. 

Commerce.—The commerce the Ohio River divided into two general 
classes: Package freight, loaded the decks steam and gasoline boats, 
and bulk freight, such coal, timber, iron and petroleum products, moved 
barges. 

The boats that carry package freight and passengers range size from the 
diminutive gasoline motor-boat steamboats 320 ft. length. The barge 
freight carried largely coal boats about ft. wide 180 ft. long and 
from ft. deep. 

The fluctuation tonnage shown the Annual Reports the Chief 
Engineers, A., and indicated the extract given Table 


TABLE 


1917: 


Down STREAM: 


Through Through Through down 
lock. pass. stream. 


316 321 397 067 760 797 
Ton-miles..... 115 187 305 270 649 506 599 000 
Average haul 87.5 
Passenger miles 373 053 
Average haul 44.7 


STREAM: 


Ton-miles 
Average haul 
Passengers 
Passenger miles 
Average haul 


Since 1894, the greatest decrease tonnage has been principally the 
coal from Pittsburgh down stream. The tonnage moved 1894 was about 
tons, which more than 3000000 tons were coal. Within the 
past decade the shipment coal from the Pittsburgh District down stream 
has been almost entirely stopped the adoption policy conserve 


Through 
lock. 
501 
52.9 §2.2 26.89 27.96 
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for home consumption. This policy cut off one stroke about one-half the 
tonnage the river. 

The writer thinks that the building locks and dams not rapidly 
increasing the tonnage, nor will until the policy reference its 
movement more satisfactorily administered. Under present methods 
operation, company carrying passengers and freight less than barge 
loads, has built trade and held fair and profitable rate. 

1909, the Receiver the Pittsburgh and Cincinnati Packet Line, the 
largest line the upper river, gave the following reasons for this financial 
condition: 


non-interchange traffic between river and rail companies; 
2.—Large terminal charges some towns; 

3.—Railroad low rates competitive points; and 

boat traffic low water. 


Another reason occurs the writer: Many boat transportation companies 
have built considerable package traffic, with almost the unfailing result 
having destroyed second company entering the same trade and 
taking large part the first company’s business, cutting prices such 
rate destroy both companies. Until these wrongs are adjusted 
remedied some way, the river will continue carry diminutive package 
commerce and fail properly serve the public earn fair value the 
large expenditures for its improvement. 

Unfortunately, neither the Engineer Department, nor other Government 
agency, manages seriously concerns itself with any part the transporta- 
tion problem other than the preparation sufficient waterway. This ques- 
tion seems left mainly the boatmen, members Congress, and the 
annual two-day meeting the several “Valley Improvement Associations”. 
the writer’s opinion that the package freight transportation rights the 
river with its tributaries were awarded under proper and competitive methods 
one reliable company, and operated under Government supervision, providing 
for efficient and reliable service fair rates, the tonnage would greatly 
increased. Should such privilege for long period made one the 
largest and best railway companies crossing the river, thereby increasing its 
operating lines more than 3000 miles, there little doubt but that great 
expansion the tonnage would result. Such policy, however, direct 
conflict with the popular policy free river and free commerce every 
boat, which has been effect since the formation the Government; there- 
fore, effect the suggested change will require struggle, like every other 
reform that brings great good. However, recent years Government regula- 
tion railway rates; diminishing railway expansion and exploitation; 
shrinkage railway revenues and profits; and the more extensive realiza- 
tion the public that the people along efficiently and reliably operated 
transportation lines profit many times more than the owners the lines, 
will probably cause acquiescence such change much more readily than 
would have done few years ago. Since freight transportation boat for 
short runs less than about 500 miles, cheaper and quicker than railroad, 
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follows incontrovertible conclusion that such transportation should 
used and will used when the right policy evolved. Some Government 
agency should certainly charged with the responsibility. 

The capacity the river for package and barge freight, when the improve- 
ment completed, would easily 000 000 tons annually and possibly double 
treble that quantity. However, during the months the dams are up, the 
lockage capacity would much below that rate. 

Project for Improvement.—The appropriation the Government for the 
improvement the Ohio River for all purposes June 30th, 1918, totals 
$59 500 000. 

Since the design and construction all the locks and dams the upper 
half the river, above the sill levels are nearly the same, evident that 
the large differences cost, shown the Annual Report the Chief 
Engineers for 1920, are largely due the difference the foundations. 
Other causes affecting such differences are prices work contracted, 
materials purchased, and management. 

From 1890 1908, the policy was construct first those dams below the 
large cities and below mouths large navigable tributaries. The policy 
was modified later and now has become fixed favoring continuous order 
from the head the river. 

well known that project substituting fixed dams for movable dams 
would less expensive; but the requirements navigation and the popular 
fear increase flood heights made the building fixed dams this 
river appear that time impracticable. 

The project for the improvement now contemplated was adopted the 
Act June 25th, 1910, per the report the Lockwood Board.* The total 
number locks proposed was 54, but the Act August 8th, 1917, was 
proposed construct one lock and fixed dam with high lift replace Dams 
Nos. and and the Act September 12th, 1913, Dam No. was omitted 
increasing the lifts several others, Nos. 46, proposed 
omit Dam No. the increased height made Dam No. 41. Before 
the system completed, other modifications may make further reduction 
the number; the omission Dams Nos. 54, inclusive, now appears 
quite probable. 

1894, there were operation Lock and Dam No. near Pittsburgh and 
Dam No. Louisville, Ky. 1912, there were locks operation and 
March, 1921, locks had been completed, making total 432 miles 
improved river. 

Principal principal features complete lock and movable 
dam with equipment, constructed the Ohio River, are the lock, navigable 
pass, weir, abutment and its bank protection, upper and lower guide-walls 
the lock, lock esplanade and esplanade slope, bank protection below and above 
esplanade, power house, operating machinery, maneuvering boat and appliances, 
men’s quarters and grounds, and fuel for power, heat, and light. Besides 
these, other auxiliaries important arrange for provide are turbine with 


House Doc. No. 492, 60th Cong., 1st and additional information House Doc. 
No. 1159, 62d Sess. 


House Doc. No. 1695, 64th Cong., Sess, 
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complete auxiliary power machinery which replaces steam natural gas 
engines when the dam up, telegraph, telephone, mail service, highway and 
rail connections, farm lands, schools, churches, and amusements. 

The original provisions called for minimum navigable depth ft., 
minimum width navigation channel 600 ft., and lock chambers 100 ft. 
wide 600 ft. long between gates. The River and Harbor Act March 2d, 
1907, provided for increase navigable depth ft., and, for moving the 
existing and prospective traffic, lock chambers 110 ft. wide 600 ft. long 
between gates and navigable channels from 600 700 ft. wide, have become 
standard. 

With the foregoing remarks transportation conditions and the plans 
and projects for improvement, discussion the principles influencing the 
location and design, together with some notes construction and operation, 
with reference Ohio River Dam No. 18, will given. 


= 
Agr 


U 


River Dam No. 18. 


the construction Dam No. was assigned the 
writer August, 1901, its proposed location had been changed from Moore 
Junction the foot Vienna Island (Fig. 2). Core drill borings over the 
Vienna site and the site finally chosen indicated that the latter location 
was the highest ledge between the mouth the Muskingum and the mouth 
the Little Kanawha, the extreme limits for the location. 

The final location having been decided on, surveys were made the site 
chosen, for the purpose preparing estimates and plans. Topography 
2-ft. contour interval was taken over the site, together with soundings, taken 
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ft. apart over the areas covered the proposed works and ft. apart 
elsewhere. 

Core drill borings were made the center line the upper and lower 
guide-walls, the center lines the river and land-walls the lock, the center 
line the abutment, one hole each gate recess, and two lines holes, one 
above and the other below the proposed crest the dam. The drilling was 
done from open barge ft. wide and ft. long ft. deep, with the 
floor few inches from the keel, and equipped with machine drill operated 
gasoline engine. 

will observed that the lock Dam No. located the concave 
shore. The principal reasons for placing the concave rather than the 
convex shore are follows: 

(1) The depth water across the river admitted placing the sills the 
height desired. 

(2) the extreme end bar with deep water immediately below, 
with danger having any part the wickets and sill “sanded up”; 


whereas, the Island site bar with the possibility “sanding up” the 
wickets and pass sill. 


(3) saving cost from $200 000 $400 000. 
(4) built, all the masonry has rock foundation, whereas, the lock 
had been the opposite shore, part would have been piles. 


(5) The lock and approaches are less likely “sand up”, and, therefore, 
are less expensive maintenance and operation. 
Aside from the more favorable conditions for the foundations, compari- 


son with the site the foot Vienna Island, other reasons favor the 
site chosen are follows: 


(6) better and easier approach from both directions. 

(7) view from distance stream miles, and miles down 
stream, whereas, the opposite shore, the up-stream view would have been 
mile less. 

(8) Ground above high water lies within 200 ft. the lock, whereas, 
the opposite shore, would have been about 1000 ft. away, great disad- 
vantage time floods. 

(9) better location for the power house and dwellings which are above 
high water and near the lock and power house. 

(10) miles above the business part Parkersburg, Va., and the 
mouth the Little Kanawha River, the upper end the plateau which 
Parkersburg being built, which makes its location such assured 
that years future growth, that city’s harbor will not cut two; and 
miles below Marietta, Ohio, and the mouth the Muskingum River, 
which favorable distance pool height and pool fluctuations for the 
mouth the Muskingum and the wharf and harbor the town. also 
favorably located reference Parkersburg have city telephone service, 
city natural gas for heat, light, and power, and interurban trolley car service. 


(11) The topography the lock grounds more adaptable 
appearance. 
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(12) The railroad spur the power house much shorter and less expen- 
sive operate. 

(13) near enough the Muskingum River give sufficient depth 
the lower gate-sill Lock No. that river, and yet far enough removed 
reduce the annoyance and danger from drift, which would have existed had 
been within miles the mouth that river. 

(14) Its distance from the mouths the Little Kanawha and the Mus- 
kingum Rivers renders the annoyance from the maneuvers the dam less 
than would occur either were closer. 


theoretical detailed computation and design* for the following 
parts set plans typical Ohio River lock and dam, reported 
1912, Capt. Adams, Corps Engrs., A., have been made: Roll- 
ing gates; lock walls; gate track foundations; river wall power house; steam 
and water power plants; valve operating mechanism; gate operating machinery 
analysis design wicket, horse, and prop; pile, arched cellular, and solid 
concrete pass foundation; 91-ft. bear-trap weir and foundations. 

general, these parts are common all locks and dams, except those 
which have mitered gates and those which not have river wall power houses. 

This information part public document and for that reason will not 
repeated this paper. However, the considerations and methods used 
the determination the dimensions the various parts the dam will 
taken detail. 

regard the movable parts the dam, the writer reported the 
District Officer, Maj., now Col., Zinn, Corps Engrs., Am. 
Soe. E., part follows: 

“In studying this design careful consideration has been given the designs 
the Upper Ohio River dams, the Great Kanawha dams, and the Louisa Dam 
the Big Sandy. You have already approved the height the sill for 
the pass, and building the pass 600 ft. long Chanoine wickets 
concrete foundation. therefore necessary now discuss only the design 
the weir and abutment.” 

designing the weir, conditions first importance fulfilled, 
reported the writer, were follows: 

regulate perfectly the height the water the upper pool, all 
stages the river which may desirable keep the pass. this 
case, does not seem that will ever necessary keep the pass wickets 
when the river above 10-ft. stage. 

2.—To place the weir sill low that, when the pass wickets are down, 
boat fleet will stopped the “swell head” increased velocity water 
through the pass. 

3.—To make the dimensions the weir, pass, and lock such that, with the 
lock-gates open and the dam down, the velocity the water will not interfere 
with navigation. also desirable have this condition fulfilled with the 
dam down and the lock-gates closed. 

4.—To place the weir sill sufficiently high prevent its “sanding up”. Ease 
operation and regulation make desirable place the weir sill high 
possible. 


House Doc. No. 1159, 62d Cong., Sess. 
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5.—To arrange the weir for passing drift and floating ice with the least 
danger the structure and the greatest ease the operatives. 

6.—It desirable place the sills bear-trap other gate maneuvered 
power, and part the weir sill adjacent the pass, low that when the 
pass wickets are raised stage below the top the main weir sill, head 
cannot produced sufficient interfere with the raising the pass. 

have the dam such type that during the stages least flow 
will conserve sufficient water maintain full pool and also afford water for 
lockages. 

8.—To have movable parts the type which can maneuvered with safety. 
and ease. 

9.—To adopt type dam which the most economical cost and 
maintenance. 

The Chanoine wickets and bear-traps appear, from the writer’s observations 
the Upper Ohio River, Louisville, the Great Kanawha, and from 
descriptions European dams, fulfill Conditions and better than 
any the other well known types movable dams. 

regard Condition provision may made against such difficulty 
placing 50-ft. bear-trap dam next and the same level the pass sill. 
his “Canalization Meuse”, Hans says that head referred 
should not exceed The writer believes that desirable prevent its 
exceeding ft. the dams now being built, this condition fulfilled 
placing the sill both traps the same level the pass sill. 

Considering the question tightness, Condition believed that bear- 
trap dams can made tight any other type dam. Needles, curtains, 
gates, and, possibly, other types can made tighter than wickets. With the 
use wickets, calculations should show shortage water not more than 
once years. The lowest recorded discharge measurement the 
Ohio River was taken 1892, below the mouth the Muskingum, the dis- 
charge being cu. ft. per sec. Since this quantity five six times 
much water will required for lockages appears that with cover strips 
between wickets, sufficient water may expected nine years out ten, unless 
artificial shortage produced the raising dams stream. Computa- 
tions indicate that, with pass wickets ft. high, with weir wickets, ft. 
high, and with the pass and weir the lengths proposed, the leakage through 
the interstices between the wickets will about equal the discharge the river 
3-ft. stage. Therefore, during several weeks each year, needles over 
the interstices will necessary. 

Considering Condition reference the passing drift, found 
that below about 9-ft. stage, with wind, the drift distributed almost 
uniformly over the surface the river. the water rises above 9-ft. stage, 
with wind, the drift goes the Ohio lock shore. The prevailing wind 
from the west, and winds miles per hour cause nearly all the 
drift floating ice driven against the West Virginia abutment shore. 
When the bear-traps can maneuvered readily, they afford easy and 
safer passage for drift and ice than any other well tried type dam. their 
cost and likelihood getting out working order increases rapidly with their 
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length, two 50-ft. sections were proposed for passing drift, one the middle 
the river and the other next the West Virginia shore, for that purpose when 
the wind carrying drift and ice against that shore. 

Conditions will considered jointly: the site chosen there 
sufficient room, without widening the river, for 500 ft. weir, and computa- 
tions were based utilizing that width. making the necessary com- 
putations for Condition the most applicable formula the Chanoine 
formula used for similar computation connection with the Louisa Dam 
the Big Sandy,* 


which, 
discharge river, feet per second. 
constant depending stage. 
length weir. 
height water crest dam above sill weir. 
acceleration due gravity 32.2. 


height water, head, causing velocity approach wa- 
2 


head due swell caused the water being forced through 
reduced area account the construction the works. 


The values for Equation (1) and the following equations were selected 
from Hans’ book, “Canalization Meuse,” which all 
were based 0.5 ft. Mr. Thomas advises that, since the Louisa Dam 
finished, finds the value about 0.35 ft. when the lock-gates are 
closed. Therefore, the latter value was adopted, and the correct value 
for the weir for various stages the river was found, follows: 


0.5-ft. stage, 0.458 
5.0-ft. stage, 0.808 
6.0-ft. stage, 
7.0-ft. stage, 0.830 
13.0-ft. stage, 0.896 


determine whether the weir will regulate the upper pool when the water 
10-ft. stage, with the top the weir sill ft. above the top the pass 
sill, apply the following values Equation (1), 0.885; 500 ft.; 
ft.; the “swell head;” and 700 cu. ft. per sec. 

The discharge the river that stage only cu. ft., shown 
Table which gives the discharge, area section, velocity flow, and velocity 
head for the Ohio River Dam No. 18. Therefore, appears that with the 
sill the weir ft. above the pass sill, the river can regulated dis- 
charge equal 10-ft. stage, without any spill over the crest the dam. 

The values and are only approximate. The value may con- 
siderably error, but conservatively small for such conditions. 


“Movable Thomas, Am. Soc. E., Transactions, Am. Soc. E., 
Vol. XXXIX (1898), 469; “Improvement Thomas and Watt, 214. 
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TABLE 
uantity, Area, square Velocity feet 
Gauge. feet. per second. Velocity head. 
380 0.46 0.008 
910 620 1.03 0.0165 
100 310 2.12 0.07 
390 420 2.34 0.085 
600 350 2.97 0.137 


making the computations for Condition Equation (2) applied: 


which, 
length pass; 
height water crest dam above the sill pass; and 
swell head. 


these computations “swell head” 0.25 ft. assumed. The problem 
solved this case is, how high can the weir sill placed without the 
“swell head” through the pass exceeding 0.25 ft. Assume that the water 
stage, 4.6 ft. above the pass sill, and that the weir closed. 
found that there can discharged through the pass, with “swell head” not 
exceeding 0.25 ft., 9186 cu. ft. per sec., whereas that stage the actual dis- 
charge, shown Table 8910 cu. ft. per sec. Therefore, with the weir 
sill not more than 4.6 ft. above the pass sill, the “swell head” should never 
exceed 0.25 ft. 

found meeting Condition that this condition fulfilled with 
the water just the top the lock river wall (or 16.4 ft. stage) and with 
the closed, will fulfilled under all other conditions which are 
likely arise. making this computation, the formula Chanoine and 
Lagrene, used Maj. Lockwood and Mr. Thomas,* for similar computation 
for the Louisa Dam, namely, 


which, 


“swell head,” this case, 0.25 ft.; 
mean velocity; 
discharge area river before construction works; 


discharge area river after construction works; and 


Substituting the proper values Equation (3), which 0.25; 
1.05 instead 1.5 when the “swell head” reduced from 0.5 0.25; 4.34; 
600 sq. ft.; and 250 sq. ft. 


Transactions, Am. Soc. E., Vol. XXXIX (1898), 471. 
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Using 135 sq. ft. the discharge area over the top the piers and abut- 
ment, find the height the weir sill give the foregoing area, apply Equa- 
tion (4): 


135 500 (600 18.0) 250 


Solving for the height the weir opening 14.63 ft. Therefore, 18.0 
ft. 14.63 ft. 3.37 ft., the height the top the weir sill may above the 
pass sill and not cause “swell head” exceeding 0.25 ft. Substituting the 
values and from Equation (4) Equation (5): 

the velocity water through the pass these critical stages obtained. 
With the weir closed, and the water ft. deep the pass sill, the velocity 
miles per hour; and when the water the top the river wall the 
lock, with weir sill ft. above the pass sill, the velocity miles per hour. 
not believed that velocity less than miles per hour will seriously 
interfere with fleets empty barges going stream. During construction, 
1908, such fleets passed between the lock and weir coffer-dam against 
mile current. 

Relative Condition from experience other dams, known that 
when the sill placed too low, there likely serious trouble from sand- 
ing. 

After considering all these conditions and the development the bear- 
trap that time, the writer that the weir divided into three 
parts follows: 

the pass, bear-trap dam, ft. long. 

Second.—Chanoine wicket, 400 ft. long, operated bridge. 

the abutment, bear-trap dam, ft. long. 


Also, that the sill the bear-trap next the pass placed the same 
level the pass sill, and that the remainder the weir sill placed ft. 
above the top the pass sill, 1.4 ft. above low water. These recommenda- 
tions were adopted, except for the wicket weir which was made 300 ft. long 
and the pass, which was made 700 ft. long, ordered the Chief En- 
gineers. This resulted easier and possibly safer navigation for some fleets 
boats, but more difficult operation, and, case rapid rise, 
the hazard. 

the report the Lockwood Board* diagram large coal tow for 
the upper river. This tow ft. wide 696 ft. long. There also dia- 
gram one the largest fleets the river below Louisville, 312 ft. wide 
1132 ft. long. thus evident that order operate with ease and 
ciency series movable dams, the navigation passes must increase length 
the river increases width. the weir Dam No. was designed before 
any the others between and Dam No. its length could not governed 
the lengths any weirs the river, except those Dams Nos. 
designed order, evident that each weir succession down stream, 


House Doc. No. 492, 60th Cong., 1st Sess., 18. 
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should have the capacity the one above when fully open, plus the tributaries 
emptying into its pool. 

location the exact place for hinging the wickets was 
studied from both the theoretical and historical points view, the design 
the wickets for all other dams which plans could obtained, being con- 
sidered. 

The correct general principle for the hinging the pass wicket may 
briefly stated follows: axis rotation for pass wickets should 
placed low possible, but such height that they will never automatically 
swing from head water alone. Computations for Dam No. 
indicate that the pass wickets will never swing without some force other 
than the water. 

When operated bridge, the general principle for hinging the weir 
wickets may briefly stated thus: The axis rotation should placed 
that the wickets will automatically swing just the time the lower pool 
rises that height which the dam should lowered. general, the 
wickets will not depended work automatically, but are designed 
work this manner case emergency, and for ease operation. Should 
rapid rise occur, and the attendants slow, should unexpected rise 
night and not observed, the upper pool may relieved the 
swinging the weir wickets. Computations for the weir wickets 
Dam No. indicate that they will automatically swing the time the 
upper pool level rises in. over their tops and the lower pool level reaches 
stage about ft. above low water. 

would probably better hinge the weir wickets that they would 
not swing with less than ft. the crest. However, there not entire agree- 
ment that rule. After years operation, the writer believes the hinge 
point for the pass wickets satisfactory. For the weir operated with bridge, 
the percentage for butt might slightly increased. For weirs operated with 
ically. hinged swing easily, they might possibly fail hold the 
maneuver boat stages over the crest. one occasion rise with about 
in. water the crest, head reduced about ft., and acres heavy drift 
against the maneuver boat and dam, caused the pass wickets below the boat 
swing, dropping the boat over them into the lower pool. 

For this study, the writer had computations made which indicated that 
with very slow current, in. crest, and with the following height heads 
hinge the weir wickets they would just swing, the percentage for breach 


TABLE 


feet. feet. breach length. 


12.92 41. 
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The designer must consider two forces, namely, the increased pressure 
against the butts increased current, and the increased pressure the top 
the chase increased pressure the drift the maneuver boat. With 
these conditions known, and his method operation determined, then 
prepared determine his hinge point. 

After the plans were prepared, the length the pass and weir wickets and 
the relative length the butt and chase were reported for each, follows: 


Pass wickets: 
Breach, ft. in., 51.12% length. 
Weir wickets: 


The wickets were long-leaf yellow pine which the writer considers the 
best wood for the purpose, because remains true its original form. 
many the dams, white oak wickets have been used exclusively. The differ- 
ence their strength life for use wicket are not material considerations. 

The Bebout only improvement the Chanoine wicket, 
which has been used the Bebout wicket. The first wicket this type for 
practical use was installed the pass Dam No. 1914. 

Fig. view Bebout and Chanoine wickets their junction 
Dam No. 22, and Bebout wicket horses assembled their foundation. 

The advantages claimed for this wicket over the Chanoine are: 

can raised with ease and without loss time any open-river 
stage the top the wicket. 

2.—It can raised against any differences pool levels, sufficient power 
applied the chains; possible raise against 8-ft. difference 
pool levels with comparative ease and without delay. 

3.—It can lowered under all conditions river stages and pool levels. 

4.—With adaptable appliances, the wicket may maneuvered from either 
the upper the lower pool. 

5.—During maneuvers all parts have little exposure drift, both 
ing and submerged, whereas Chanoine wickets have great exposure. 

6.—When raising wickets, drift cannot, except extreme cases. obstruct 
become entangled the parts such extent prevent this maneuver. 

7.—The sill and foundation the dam, and the wickets themselves may 
completely covered with sand and gravel without serious delay the 
maneuvering. 

8.—A boat, barge, heavy drift striking the top the wicket will cause 
collapse without damage boat dam. 

case sudden rise overtopping the wicket, will either trip 
else form obstruction navigation. 

impossible have the dam caught sudden rise the river, 
and not able lower the wicket. 

sill and foundation the dam can washed raising the 
butts the wickets the same manner with Chanoine wickets. 
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Fic. AND CHANOINE WICKETS THEIR JUNCTION RIVER No, 22, 


AND WICKET ASSEMBLED THEIR FOUNDATIONS. 


COMPLETED WEIR, No. 18. 
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12.—The maneuvers are direct and are made one operation. Raising 
and lowering may accomplished short time. 

13.—The first cost wickets and foundation should greater than 
that Chanoine wickets. 

the same factor safety, the foundation will materially 
cheaper; or, for the same the factor safety will greater. 

maneuvers may performed from the lower pool 
emergency. 

16.—Less equipment and powerful sinking device required sink 
the wickets. 

17.—The ease with which wickets may maneuvered should reduce the 
operating costs. There less wear and tear the operation the appliances, 
wickets, and foundation. 

18.—Nine ten men should able operate lock and dam instead 
thirteen eighteen, may required operate dams with Chanoine 

19.—Since the dam may raised any stage the river, unnecessary 
allow the lower pool drop below normal and 9-ft. stage will pro- 
vided without interruption. 

20.—Complaints from boating interests will reduced minimum, 
boat should stranded when dams are raised. 

saving will effected the removal large number long- 
distance telephone calls. will not necessary telephone except give 
notice the approach quick rises. Each lock-master can great extent 
operate his dam independently other dams. 

22.—The wicket well adapted for use emergency gate and could 
used such during the renewal failure lock-gate, and could 
made serve the purpose coffer-dam during repairs locks. 

possible dispense with one bear-trap and all the present weirs 
the upper river dams, replacing them with navigable pass-section equipped 
with the new wickets. 

24.—Both the bear-traps and the Chanoine weir could dispensed with 
the lower river dams. 

Since the Bebout wickets are maneuvered successfully against heads 
ft., more, cluster two three for passing drift near each end the 
pass such great convenience, that two more clusters may eventually 
considered essential the passes all the dams. 

1904, when the writer was preparing the plans for the 
bear-traps for Dam No. 18, the principal traps then known him were the 
wooden ones Dams Nos. and designed 1898 and 1900, the two steel 
traps Herrs’ Island Dam, Allegheny River, the three-leaf dam the Louis- 
ville Chute, and the wooden three-leaf dam the Mississippi River St. 
Paul, Minn. All these dams were service except Dam No. and the en- 
gineers directly charge were believed consider each suitable for its pur- 
pose. 

After discussing the merits each with the District Officer, and after 
study the best papers could find the subject, the writer recommended 
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steel traps for Dam No. 18, and with the aid the Junior Engineer, the late 
Rannells, Am. Soe. E., prepared the designs and working 
plans for two 50-ft. traps. Fig. cross-section the eastern smaller 
bear-trap. 

The traps were completed 1908 and put operation May, 1910, and 
have always maneuvered with ease, under any conditions river. 

The years experience with these traps, and the many other traps since 
constructed for other dams, has demonstrated that for regulating the stage 
water the pools, for ease operation, and for safety parts, the bear- 
traps, 50-ft. lengths and since built 91-ft. lengths, are the ideal movable 
parts. The sills may placed the same level the pass sill without fear 
“sanding up” seriously interfering with operation. 

believed that the maneuvers the entire dam will more efficient 
and made much easier placing both traps next the abutment and the 
wicket weir next the pass wickets. With this arrangement, the weir wickets 


Outline of Recess 


OHIO RIVER DAM No. 
EASTERN BEAR-TRAP 


5%" Timber 18/4 long 
3'Air Pipe in Center Compartment 


14" Air Pipe in End Compartment 


SECTION EASTERN BEAR-TRAP 


and the pass wickets can operated the same maneuver boat, thereby 
eliminating the bridge which much more difficult maneuver and keep 
clean drift than the wickets alone. Therefore the writer would recommend 
placing both bear-traps next the abutment, the 400-ft. wicket weir, with 
11-ft. wickets, between the traps and the pass, and make the bank protection 
below the abutment sufficient withstand the increased scour. 

Care was used the design obtain the greatest possible head for acting 
the The girts were made stiff enough lift the dam with air 
under only one-third, one compartment, the lower leaf, stiff enough 
admit deflection not more than in. when lifted with water alone, the 
water entering from one pier only and giving maximum pressure one end 
and zero the other. was believed that the great deflection under such 
conditions was the most serious defect. The galvanizing the thin parts 
metal and the use nickel steel were considered; but plain carbon steel 
was used throughout account the cost and the difficulty galvanizing 
such large sheets those used the skin. For convenience cleaning, 
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repainting, making repairs, manholes were placed the lower leaf and 
the girts. Wooden water seals were used for closing the gap between the 
leaves and the masonry. When the central trap was cleaned 1914, the 
seals were found entirely destroyed, and new ones were not considered 
essential, since difficulty had been experienced operation. the later 
designs, metal seals are being installed. 

The dimensions the leaves were follows: 


Westerly, larger bear-trap: 
Length lower leaf, ft. in. 
Length upper leaf, ft. in. 


Easterly, smaller bear-trap: 
Length lower leaf, ft. in. 
Length upper leaf, ft. in. 


All the dimensions are given from center hinge extreme end. 

Ordinarily, the most severe stresses will occur under the following three 
conditions operation: 

the girders the lower leaf, with low water the lower pool, and 
full pool above the trap partly up, and head water applied with 
cient force raise the trap the top. 

2.—In the girders the upper leaf, with low water the lower pool, and 
full pool above, and the water emptied from the recess under the trap. 

3.—In the girts both leaves, should the trap lifted water pressure 
alone, applied with sufficient pressure one end the trap move and 
diminishing zero the other end. 


Computations were made insure strength enough withstand the 
stresses which might produced under other assumptions not severe. 
Since the lower leaf likely subjected more severe conditions than 
the upper leaf, the same working stresses were not used. The working stress 
used the girders the lower leaf was 200 lb. per sq. in., and girts 000 
lb. per sq. in. The estimated cost the movable part the eastern trap, 
ft. high, was $148.38 per lin. ft., and that the western trap, ft. high, 
$212.28 per lin. ft. From min. are required raise the bear-traps 
any stage with in. head more, and they may lowered any stage 
within min. They maneuver with either water air, both. Ordinarily, 
only the water pressure used. 

The widths the piers from which they were operated and supplied with 
water are and 123 ft., respectively. The hydraulic head has always been 
sufficient operate the traps when the wickets are up. submitting the 
plan for the traps the District Office, the writer stated, “it appears that, 
the mechanical working the traps now service was perfect, would 
better make the traps longer than ft. When the working the 
traps has been made perfect, the economical length any series traps will 
depend largely the character the foundation, but such lengths will 
generally fall between and 150 ft.” The standard length for the Ohio 
River bear-traps now ft. most the dams, and they are placed be- 
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tween the pass and wicket weir. They are now built and operated with the 
same confidence success lock-gates other similar structures. 

Plan for 1902, when the plans and specifications for Lock No. 
were submitted the District Officer, Locks Nos. and had been com- 
pleted and Nos. inclusive, were under construction. The plans for 
Lock No. included the following details which differed from the dams 
previously mentioned. 


1.—Masonry all monolithic Portland cement concrete, instead cut stone 
used Locks Nos. and natural cement faced with Portland 
cement with timber the chamber walls and coped with stone like Locks 
Nos. and then being built. 

chamber walls and guide-walls battered in. in. instead 
being vertical. 

3.—The top width river wall along the chamber, ft. instead ft. 

4.—The flushing conduits and drift chutes omitted and, instead, each 
gate recess provided with stop planks and sump for use annual unwatering 
and cleaning. 

5.—Gate and valve machinery operated fluid air machinery instead 
steam. 

emptying and filling valves instead sixteen, but with equal 
capacity. 

7.—Each valve operated its separate engine instead all being operated 
one engine. 

8.—Valves rectangular instead 

9.—The pipe well and conduit omitted and, instead, the pipes laid across the 
and ascending the lock walls open channels the concrete. 


All these features were approved except the battering the chamber walls 
and the form the valves, and, except for the number valves, have become 
standard construction Ohio River dams. valves have since 
been introduced. All engineers charge the operation locks with bat- 
tered walls, -who have expressed their opinions the writer, prefer the 
battered rather than the vertical walls. The battered face not cut rapidly 
the rubbing boats; also enables boatmen walk the gunwales barges 
when moored the lock and, for equal area section, gives slightly 
factor stability. The fact, however, that the lock walls when com- 
pleted were the vertical type was good reason for not making the change. 
All the lock masonry designed for stability gravity walls; the river wall 
the assumption being completely unwatered and with stage the 
river the top the wall; the gate tracks and Poirée dam foundations 
similar hypothesis, and the land wall and guide-walls the hypothesis 
being surcharged retaining walls. They were not designed the hypothesis 
having full head water under the entire foundation masonry beds, but 
was considered that such head might occur over small areas the foundation. 
Thinner walls reinforced conerete were considered for the guide-walls, but 
were discarded account the danger from shock heavy boats fleets 
loaded barges. 
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FEATURES Dam No. 18. 


Plant and building Lock No. 18, the sand and gravel re- 
quired for the concrete was taken from the river bed near the site. Coal was 
obtained barge from river mines, and nearly all the remaining materials 
were received spur track railroad the line which passed along the 
top the bank within ft. the work. Materials were transferred the 
work from storage sheds and yards along the siding tramway cars operated 
men and mules. 

The contract for building the dam and abutment was let about year before 
the lock was completed. The contractor received materials the manner 
previously described, except that his coal and some other materials arriving 
rail were received near the West Virginia river bank siding about 800 
ft. from the abutment, and carted the work teams. Materials from the 
latter siding were transferred the work The cable was 
maintained required law minimum height ft. above low- 
water datum. The towers were set well back from the bank, making clear 
span about ft., thus securing protection against accident and giving 
adequate storage and loading space for materials and plant. 

The best and most economical method transfer adopted for building 
any particular lock and dam will influenced some the following con- 
ditions: 

economy extending standard railroad track the river bank 
alongside the work, down into the lock coffer-dam. 

use cableway more expeditious than other methods. 


conceded that every flood over when work fully under 
way, will cost actual damage and expense rarely less than and usually 
much more. The cableway especially advantageous and this 
work, since the cost and time transfer the materials and plant from the 
coffer-dam case flood greater other methods. Whether not its 
use advisable, depends the quantity material which can moved 
advantageously. the writer’s opinion, the sand and gravel required for the 
concrete can unloaded more economically from the barges, fixed 
floating derricks, and more economical move the concrete from the 
mixers the forms tramway, chutes, than move and place 
cableway. This economy due the fact that buckets from the cableway 
are not easily swung the forms. Also, the sand and gravel must unloaded 
from barges moored under the cableway the navigation channel, which 
dangerous process stages below ft., and impracticable stages little 
higher; thereby resulting serious delays concrete construction. The work 
advantageously done cableway and for which especially adapted 
the transfer all materials their place the coffer-dam enclosure, and the 
transfer plant and tools and from their place usage. 

Coffer-Dams.—The construction the No. lock, dam, and abutment re- 
quired four One for the lock, one for the abutment which one 
section bear-trap foundation was included, one for 650 ft. the pass, and 
one for the weir, bear-traps, and the remaining ft. pass. For building the 
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guide-walls the lock, levees ft. height were thrown from material 
excavated preparing the foundation. 

The proper order for building the coffers is, first, the lock and abutment 
coffers; second, the pass coffer; and, third, the weir coffer. not im- 
portant whether the lock coffer the abutment coffer started first, whether 
both are started together. The other two, course, must follow succession; 
but important have the masonry and the bank back the masonry 
finished and sufficiently protected against scour, since the latter coffers pro- 
duce “swell head” and increased current. 

Due the high sill the weir, essential build the pass before 
the weir. account the “swell head” and high velocity current, 
expensive, more less dangerous, and detrimental navigation hold the 
weir and pass coffers the river over winter. 

The program followed Government forces and some contractors 
lock and dam construction complete the work and remove the coffers 
early winter. Some the slower contractors increase the number 
coffers five, the fifth being made enclose the bear-traps and adjacent end 
the pass. unusual for the construction the lock completed 
one season; hence, customary for the lock coffer continued 
service over one winter. 

For the lock, crib coffer was built, enclosing the entire lock and lock 
area planned and specified contract. The abutment and dam box coffers 
were specified with the option changing, subject approval the con- 
tracting officer. 

studying the economical height these coffers, the writer used the 
hydrograph sheets daily stages Marietta, and from them computed the 
probabilities coffers varying height from ft. being flooded dur- 
ing the working season. With the adopted height ft., was concluded 
that the work would probably flooded once during the working season from 
May December. 

The timber and metal for the lock coffer was salvaged from the 
which preceded it. constructing the lock coffer, channel was dredged 
with dipper-dredge, the bed-rock being scraped clean possible. The 
cribs were built water and sunk the rock ledge thus prepared. The logs 
forming the longitudinal walls were barked the inside, and those forming 
ties were wrapped with several rings oakum retard seepage. reduce 
leakage minimum all the wall cracks were carefully selected 
material was used for filling the pockets. This coffer-dam was built the 
spring 1903 and was use until the fall 1904, going through winter 
and spring much high water and long run ice from in. thick. 
The resulting damage was repaired cost less than $50. Two 
centrifugal pumps easily kept out the leakage, and stages within ft. 
the top the coffer-dam, one pump removed all the leakage. The inside 
wall was vertical, and stood about ft. from the concrete masonry. The top 
being near the permanent work, proved great convenience for storing 
materials and offered obstruction the transfer materials from barges 
and other boats derrick-boat into the concrete forms the top the 
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Fic. Pass Masonry, Dam No. 18, OHIO RIVER. 


No. 18, RIVER: VIEW COFFER-DAMS AFTER 8-Day FLOOD, 
NOVEMBER 10TH, 1905. 
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wall. This proved more economical than the box coffer, with its top 
ft. more from the masonry, which serious obstruction the transfer 
materials required the work. 

The which enclosed about 600 ft. the pass, was built 1905 and 
was the box type. was 602 ft. long inside 150 ft. wide the river 
wall and 200 ft. wide the outer end, and rested bed-rock with the top 
ft. above low water. The upper arm was ft. high the river wall and 
ft. high the outer channel end. The contractor chose this type 
his own option; whereas the writer believes that crib coffer-dam the 
type used for the lock would have been more economical for that part 
the pass where the high elevation bed-rock made necessary wall only 
ft. height. The pass coffer was poorly built and was wrecked when 
overtopped flood, shown Fig. Presumably built hold out water 
which stage three 12-in. pumps were required continuously. 

Five separate attempts were made levee and coffer building for the 
abutment. Work was first commenced June, 1905, and continued through 
the seasons 1905, 1906, and 1907. The abutment masonry, sheet-pile pro- 
tection, and the bulkheads extending the seal into the bank behind the abut- 
ment, were not finished until November, 1907. The masonry plan showed the 
foundation bed ft. below low-water level, and the contractor made two un- 
successful attempts build the abutment within simple levee made from 
the light bank material. The third attempt was rather light box coffer- 
dam. The two levees and the light box were entirely swept away the river 
before the concrete forms were built, and later second box coffer was lost. 
The fifth and successful attempt followed the construction fairly sub- 
stantial box coffer, protected with round piles and rip-rap. 

The weir coffer for Dam No. 18, built hired labor, was placed having 
both lower and upper arms run out from shore simultaneously and connected 
the channel arm. The bed-rock was from ft. below low-water 
datum. The bed which the sheeting stood was prepared with dredges 
excavating refilling required level ft. below low water. The 
lumber for the coffer-dam was framed shore and work barge, and 
erected position alongside. The width channel left for navigation be- 
tween the coffer-dam and the river wall over the pass sill and wickets was 
384 ft. and, addition thereto, the lock chamber was open. 

report made reference the coffer-dam while the work was progress 
is, part, follows: 

Size inside, 590 225 ft. 

Height upper arm, 37.5 ft. at-shore 32.0 ft. outer end. 
Length upper arm, 590 ft. 

Pumps required 12-ft. stage water, four 12-in. centrifugal. 
Extreme lift suction, 17.0 ft. 

Extreme lift discharge, 21.0 ft. 


The difference the efficiency the three coffers holding out the 
water was great that worthy note: 
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crib lock coffer set bed-rock was effective and the work con- 
struction was continued through flood slightly above 16-ft. stage. 

2.—The weir coffer, with sump ft. below low water, was effective 

3.—The pass coffer, with sump about ft. below low water, was only 
effective from 10-ft. stages, and actually collapsed 9.5-ft. stage, 
wrecking all the plant inside. Such differences the efficiency the coffers 
had great effect progress and the cost the permanent work. 


Two things great importance building coffer-dam are, first, 
obtain the service designing engineer experience select the type 
best adapted for the particular purpose and duty; and, second, engage 
its construction foreman mechanic who can relied close 
wrap tie timbers rods, and select and place filling material reduce 
the percolation minimum. Few construction details pay greater returns 
for than the building deep coffer-dam. 

Swell Head.—Observations taken October 23d and 24th, 1905, determine 
the “swell head” produced the coffers are follows: 


October 23d, 1905: 


M.—Water lower end, upper 580.89 ft. 
Water lower end, lower 579.01 


Head 


Stage about level with top 16-ft. coffer-dam and falling. 


upper guide-wall............Elevation 580.18 ft. 
Water lower guide-wall Elevation 578.55 


Head 


October 24th, 1905: 


upper guide-wall............Elevation 578.11 ft. 
Water lower guide-wall............Elevation 576.89 


The normal regimen the river 16.0-ft. stage before work was com- 
menced was sq. ft. The approximate area the openings, October 
23d, 1905, was 080 sq. ft. 

During the winter and spring following these observations, the navigation 
channels between the coffer-dams were scoured bed-rock, from ft. 
below low-water datum, but the paving and rip-rap was not injured. 

This restriction such short and shallow channel over the pass produces 
the swiftest current caused the construction these locks and dams, and 
near the maximum which Ohio River boats find tolerable. Under such 
conditions, ascending packets and gasoline boats sometimes used lines pass 
the dam and turned back; towboats cut their tows two more 
parts during the two winters this condition existed. Under all conditions and 
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positions the coffer-dams, the maximum “swell head” and swiftest current 
usually stage which about the top the obstruction and 
generally greater rising than falling river. 

pass masonry. The 200 lin. ft. the foreground varies thickness from 
in., the thinnest wicket foundation masonry the river. The wickets 
that carries, have been successful operation since 1910, which demon- 
strates the great economy rock foundation near the sill level and, also, 
that very thin concrete slab well anchored the ledge sufficient. 

For the pass, was computed that under extreme conditions there might 
possibly upward pressure 53000 against single wicket founda- 
tion slab, ft. width. The concrete foundation for the pass ft. wide 
700 ft. long and varies from about in. thickness thinnest part 
the slab ft. 

Two plans were considered for anchorage, one which required four 
bolts for each ft. the slab, two the upper edge and two the lower, 
with the intervening concrete reinforced with steel rods. The other plan 
required two and six 1-in. hurter bolts into bed-rock for each ft. 
slab, or, other words, for each wicket. The latter plan was finally approved, 
except that only two the 1-in. hurter bolts were authorized made for 
anchors into the bed-rock. Therefore, built, where the concrete less 
than about ft. thick, anchored the bed-rock with four bolts for each 
wicket, two which are in. diameter and two in. diameter. The 
bolts were placed about ft. into bed-rock and the 1-in. bolts about ft. 
therein. The anchor-bolts for the bear-traps are in. diameter and are 
placed ft. into bed-rock. When the grout around one the bolts 
which went into the bed-rock only in., had stood for less than day, 
failed move lift over tons, the greatest pull for which facilities 
were available. 

laying the foundation, great care was used make impervious joint 
the bed-rock foundation for the upper third its entire surface. other 
words, the seal between the upper and lower pools was made along and im- 
mediately below the upper face the dam. make this seal perfect 
possible, all loose shale was removed, and the bed-rock was scrubbed with 
brooms and water. Thus prepared, fresh mortar was spread over the founda- 
tion bed, followed concrete. placing the foundation layer, care was 
used see positively that stream water crossed it, and that any stream 
which came through crevice the bed-rock was conducted out below 
the dam without producing any head upward pressure. Under the lower 
two-thirds the foundation, drains were inserted intervals about ft. 
carry off any water which might seep in. All concrete the top the 
rock was placed without forms, thus securing bond into all the interstices 
the ledge. 

The foundation for the chamber walls Lock No. was prepared 
excavating depth ft. below the chamber-floor level, carefully removing 
all loose rock and cleaning with hose and brooms. Immediately top 

the ledge thus prepared and drained, grout was spread, order make 
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nearly possible impervious joint between the concrete wall and the bed- 
rock. For some locks the river, key about ft. ft. was cut into the 
rock along the center line the lock walls. 

The superior quality the structures with the masonry laid rock ledge 
over those laid piles appears the writer more important reason for 
location with rock foundation and for holding when found, 
than even great differences cost. 

Most the old cut-stone locks and dams built from years ago 
show serious signs failure. entirely possible that most the locks 
and dams being built the Ohio River will satisfactory for the purpose 
intended, without change design, for 100 years more. Therefore, 
‘appears desirable take every reasonable precaution obtain excellency 

For that part the pass foundation Dam No. 18, which more than 
ft. deep, and for all the wicket weir foundation, plan was prepared for the 
cellular type, but the bid for the solid type proved the more economical. 
For the bear-traps only the cellular type was planned. placing the cellular 
masonry for the bear-traps, drains were used relieve any head which might 
otherwise occur. However, entire dependence was not placed such expedi- 
ents, but the cellular bear-trap masonry was bolted the ledge with 
bolts. There were some indications the passage water through the bed- 
rock, principally the sandstone where anchor holes were drilled, water 
spurting ft. from several the anchor holes for the westerly bear- 
trap. was the usual custom place all the masonry monoliths about 
ft. long, the full width the wall. placing the monoliths, the 
rule was key alternating sections with from one three vertical keys about 
ft. wide and from in. deep, intervals not more than ft., and 
not more than ft. from the outside surface the wall. Where the nature 
the design would permit, concrete was placed continuously from the foun- 
dation bed the finished top, prevent horizontal plane weakness, other- 
wise, horizontal keys were placed about ft. wide and about ft. deep. 
the wicket pass and weir, care was taken not permit stoppage closer 
than ft. from the sill level, thereby insuring monolith with sufficient weight 
hold the wickets. The concrete sections the bear-traps were placed con- 
tinuously from bottom top, except the small parts immediately about the 
hinges. 

After Lock and Dam No. were completed, tests for seepage and hydro- 
static head were made drilling several holes through the wall near the 
middle the section and observing the rate filling and height rise. 
most cases, little seepage occurred that the upward pressure against the 
base the wall was believed negligible. Only one hole filled rapidly, 
full-head from the upper pool being possible. Since the blue shale founda- 
tion under that wall the same nature and quality the foundation 
the adjacent part the pass, these tests indicated the possibility head 
against the base some part the pass masonry; and the stability the 
pass may due the anchor-bolts. Experience and observation confirm the 
writer’s belief the importance and advisability the use anchor-bolts. 
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Fic. 8.—VIEW COMPLETED LOCK AND DAM No. 18, 
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August, 1912, after the dam had been operation for two years, the 
bed-rock the toe the down-stream face the pass foundation was ex- 
amined, and cutting wear could detected. Fig. view the 
completed Lock and Dam No. 18. 

Cost Masonry and Excavation, Lock No. tabulation estimated 
quantities, contract prices, and amounts, together with the actual cost the 
completed work given Table The cost figures were furnished 
Wright, Local Manager for the Contracting Company. 


Cost 


Unit§ 
Unit price. Amount, price. Amount. 


25.00 187.50 25.00 
40.00 per 000 744.56 
0.25 0.17 
2.00 0.57 
1.58 939.38 
0.312 750.95 
1.294 479.34 
Separatecost notkept 
409.1 
Cost not kept 
5.65 
12.00 843.60 
48.40 100.87 
0.167 69.30 


$200 672.10 $176 051.58 


Galvanized-iron 
Galvanized-iron in., linear 


Grubbing and clearing, acres 

Round timber, linear 
Common fill. cubic yards. 
Puddle, cubic yards.... 

Stone fill, cubic yards. 

Rock excavation, yards. 


co 
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cubic 
Paving, cubic yardst..... 
Curbing, cubic yardst.. 
Oak timber, feet M.. 
Tron and steel, pounds. 
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Vitrified pipe, linear feet....... 


Gravel and cubic yards...... 


Rock excavation less section than sq. ft. and ft. below low water. 

This was the principal work done 1905; the cost includes large amount for super- 
intendence and management. 

The cost ‘here given for labor laying only; the cost the pipe delivered the 
work was not obtainable. 

The unit cost the contractor does not include shipment plant work, interest 
investment, insurance, cost bonds, deterioration plant, general office expense. 
this cost was included all labor, superintendence, and clerical accounts the work, 
materials and everything expense, except cost machinery moved this work from other 
jobs the contracting company. Most the machinery was provided this manner. The 
cost improvements machinery, repairs, and maintenance and some new pieces 
machinery were included. 


Dam No. 18. 


Land for Lock and Abutment.—When the location Dam No. had been 
definitely decided on, 5.5 acres land were purchased fair farm valuation, 
above the top the bank the lock shore, including the banks and down 
stream the ends the guide-walls; together with 3.1 acres the abutment 
shore, for use construction. Long delay making purchases after locating 
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the lock sometimes results paying two three times the farm value, 
resorting the expensive process condemnation. 

Although the purchase was quite large, compared with the amount lands 
acquired for the up-river dams, was found that more land was needed. 
1910 the District Officer, Maj., now Col., Alstaetter, Corps Engineers, 
A., Am. Soe. E., authorized the parking all the land between 
the slope the lock esplanade and well back the rear line the lockmen’s 
dwellings, and further authorized the purchase several additional acres 
pasturage. 

The writer believes wise and the interest the Government 
arrange such facilities for employees, order supply commodities and give 
remunerative exercise within easy call duty. These accommodations inter- 
fere way with their duties, because during many hours they have nothing 
else except wait for boats. 

Lock residences were built having basements concrete, 
first story brick, second story terra cotta, tile roof with attic finished for 
storage, furnace cellars and equipped for hot air, natural gas for light and 
heat, hot and cold water, with three rooms each floor, bath second floor, 
and laundry basement. The buildings complete cost about $7000 each. 
They are used the lock-master and chief engineman with their families. 
All the other employees live their own homes and come daily work. Men 
who did not live within calling distance mile were required have 
telephone connection with the lock-master’s 

Power Plant.—The operating power plant for the lock and dam consists 
two 80-h.p. gas engines, each being sufficient for operation, thus eliminating 
nearly possible any possibility stopping traffic through the lock. Each 
belted and operates air compressor with capacity 300 ft. per 
min. The auxiliary parts are one starting engine, four air receivers, with 
combined capacity 1500 cu. ft., air pump, steel tower and tank 
the hillside for water supply the power house, lock, and dwellings. 

The lock-gates are operated from wire line winch with air-operating 
engine having pull capacity either direction. Each engine 
provided with auxiliary receiver. Where reliable fuel supply can 
obtained, the gas engine the ideal power machine for the operation 
lock, since requirements are intermittent, and usually short duration. 

Dam No. 33, which was opened for service October, 1921, all the 
valve jacks and jacks for maneuvering the mitered gates are operated oil 
pressure. The oil pump operated steam, and when the dam up, 
duplicate oil pump operated water turbine the river wall, using 
water from the upper pool, thus providing duplicate power unit. The use 
compressed air thus reduced occasional requirements for the 
operation and for signals the lock walls. 

Maneuver maneuver boat very substantially built deck 
barge, ft., with cabin ft. wide ft. long, covering the prin- 
cipal pieces machinery. The deck when equipped ready for operation stands 
about in. above the surface the water and the timber. The principal 
equipment for the boat consists one triple-drum reversible hoist engine 
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with three winches, double 12-in. cylinders and pony drum for slewing 
the derrick, rigged with wire line; one vertical 40-h.p. boiler; one stiff- 
leg derrick with boom mid-deck near the bow; one outrigger sheave 
projecting from the bow for the line used raising and low- 
ering wickets; one steam capstan near the stern with engine for operating, 
which carries the line for maneuvering the boat; boiler-feed pump, bilge 
pump, steam siphon, and hand pump. The smaller equipment wicket 
raising pole, extra heavy raising pole, wicket tripping pole, pike poles, 
skiffs and oars, 2-in. manila stern line, two manila side lines, 100 ft. 
long, several hand lines in., in., and in., one anchor, and one tarpaulin. 

The cost the boat and the principal equipment 1909 was follows: 


Deck barge, ready for equipment 800.00 
Engine and boiler complete 
Wire lines for derrick 108.14 
six 170.00 


Total 205.74 


generator with incandescent and arc lights, with the necessary 
auxiliary parts, has since been added. 

Maneuvers.—The three principal maneuvers the lock and dam consist 
of: (1) operation the lock when the dam for the passage boats; 
(2) raising the dam; and (3) lowering the dam. 

The annual force maintained ten men, which force supplemented 
several additional laborers when the dam during the summer and fall. 
The annual consists one lock-master, three enginemen, one dam- 
tender and five lock-men. Each expert one the mechanical trades 
other useful work, aside from the duties indicated his position. With 
spare parts and materials for the machines and structures, this force main- 
tains the lock and dam and appurtenances without additional help, except 
extra labor engaged locally. 

The ordinary maneuvers the lock for the passage boats are the same 
those required locks with fixed dams. The usual time for the passage 
boat through the lock from min. The time required for the 
different operations about follows: 


Closing gate min. 
Filling emptying lock chamber........... 


min.to12 min. 


After the winter floods, after summer flood unusual duration, 
requires from days’ time the entire lock force with maneuver boat 
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remove the deposit from each the lock-gate recesses, and clean the 
gates, engine, and engine pit, and place them serviceable condition. 
requires day more raise the weir and put the maneuver boat posi- 
tion raise the pass. The raising the pass usually requires from hours 
day. Fig. view the maneuver boat raising the pass Dam 
No. wicket prop being raised with pike pole butt ready right 
the wicket the instant the prop drops over the hurter-step. Since desirable 
both for workmen and navigators boats have this maneuver made 
daylight, the weir put readiness, and the raising the pass wickets for 
final closure usually started the early forenoon. Raising the bear-traps 
usually requires only few minutes the head water the upper pool. 
The weir wickets are easily “righted up” from the “swing” raised and put 
desired, done before there more than ft. head. With from 
ft. head, the work becomes much more difficult. 

possible lower the pass from hours, but usually requires 
from hours. very rapid rises, the weir sometimes lowered the 
same time the pass; but the lowering the last weir wickets usually 
left until the pass down. The lowering Dam No. pass usually pro- 
ceeds from the lock wall the weir and the raising the reverse direction. 
Some dams the river make these maneuvers the reverse order. 

Maneuvering the Weir—In 1912, Lockmaster Rowe reported the man- 
euver the dam follows: 


“Ordinarily, raise the service bridge with the maneuver boat the 
river falls and the time approaches for raising the pass. 

“When the maneuver boat position the abutment end the weir, 
the boom the derrick lowered until the main fall directly over the 
chain connected with the section bridge raised. hook constructed 
that will engage with the bridge chain any point used the main 
fall. One man stationed yawl, whose duty connect this hook 
with the bridge chain low down the water convenient. This section 
the bridge then raised with the main fall the derrick, until the end 
the apron level with the top bridge pier. manila 
rope, with iron hook the end, then hooked into the ring the end 
the apron. This rope passes through snatch-block the pier back 
the starting point, preceding section bridge, then back through 
fixed sheave forward end boat and pulled with steam capstan. The 
rope swings the section bridge back until the bent perpendicular. The 

apron held the with the derrick until position for 

dropping down over pins pier preceding section. About four sec- 
tions can raised with boat the same position. The boat lies below the 
bridge with bow stream. This maneuver requires seven men: One for 
operating engine, one for operating capstan, one yawl for engaging hook, 
two bridge for connecting sections, moving snatch-block, and two 
deck boat for handling lines, moving boat, ete. The bridge can 
this manner one-half the time required for raising with the 
wine 

“When the bridge up, the maneuver boat then moved over the pass 
and two crews are organized that the weir wickets and pass wickets can 
raised the same time. [Fig. shows wicket-sinking arrangement for weir 
service bridge for Dam No. 18]. 

“In raising the weir wickets with the winch, the duties the men are 
about follows: One man for operating gasoline engine, clutch-coupling 
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and foot-brake; one for placing chain wheel and keeping from getting 
fouled the gear; two for moving and clamping track, handling chains, 
ete. The weir wickets are left swing until they are all that position, 
and then the same crew rights them with pike poles after the navigation 
pass closed. 

“By leaving the weir swing and both bear-traps down, rarely have 
more than ft. head when closing the pass. 

“There other work done aside from that mentioned raising and 
lowering the dam, sunken logs, boulders, are encountered, props are found 
out hurters, hurters have cleaned out, ete. When these things 
are encountered, all the members the crew work adjust them. One man 
who handles the catching hook will sometimes dive down and lift prop over 
into hurter hand, rather than make the maneuver again.” 


CHANOINE 
WICKET-SINKING ARRANGEMENT FOR 
WEIR SERVICE BRIDGE. 

OHIO RIVER LOCK AND 

DAM NO. 18. 


SECTION WEIR 


Due the ease operating the traps and the difficulty moving the 
maneuver boat around the traps and their piers, dam without bridge 
and which has the traps near mid-stream, between the wicket navigation pass 
and wicket weir, when the dam after raising started, the lockmen 
depend almost entirely the traps for regulating the pool and neglect use 
the weir for that purpose, the function for which was built. 

This difficulty makes now appear that those dams having abutment 
shores ledge rock, ledge within ft. the sill level, desirable 
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location for the traps would have been next the abutment, thereby placing 
the weir wickets next the pass wickets. 

Except for the excessive cost the traps, ideal arrangement would 
abandon the wicket weir and substitute bear-traps having sufficient water- 
way regulate the pools for natural 11-ft. stage discharge. 

1914, the writer had the 15-ft. trap Dam No. cleaned and re- 
painted. His report this work follows: 

When unwatering was completed, deposit estimated about 
cu. yd. was found the recess under the two leaves. The deposit the upper 
side the area was largely silt, but the lower side near the lower hinge, 
was principally gravel ranging from the size pea that acorn. 
Much the gravel was clean washed and lay ft. more depth the recess 
floor. all the pockets the lower leaf, the deposit was from in. 
deep, composed silt, containing little gravel. 

the top skin the lower leaf, from 70% the metal was bare 
paint, the remainder being fairly well covered with the shop coat. The under 
side the lower skin and the exposed metal the under side both leaves 
were practically bare paint. the inside the pockets the lower 
leaf, from 90% the metal was covered with paint. After being 
cleaned there was slight indication the metal being pitted rust. 

The two wooden seals were almost destroyed. The lower flange the 
lower end the easterly girder the lower leaf from ft. 
front the hinge; the lower flange one the other girders was slightly 
bent; thirteen girder web-plates were bent, and the two lower ones the east- 
erly girder over the bent flange, were badly buckled; eleven the cross web- 
plates were slightly bent; eighteen plates the lower skin were bent; two 
bolts near one the hinges were out, but sheared rivets loose rivet- 
heads were found. 

Since the trap had been operated successfully for some time without the 
water seals, they were not replaced. The damage the metal work was not 
considered sufficient affect seriously its strength, therefore, attempt 
was made repair it. 

The approximate cost for all this work was about follows: 


order ameliorate the adverse conditions the following 
changes were suggested: 


“(a) each the piers there should pump-well, least ft., 
admit using larger pulsometer. Directly under each the manholes 
the lower leaf, next the piers, there should similar sump. 
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“(b) The piers should long enough the lower end give plain sur- 
face bearing for the end needles. About the perimeter the lower 
culvert portals there should recess with plain surface least in. 
width, order make the bulkhead more easily fitted and more easily 

The greatest danger from the deposit underneath the leaves be- 
lieved lifting holding the lower leaf above its natural position 
the floor, thereby throwing undue strains some the girders creating 
short lever arm and bringing excessive pull some the hinges. This 
especially dangerous where the support under the girders near the lower 
end hinges. This may prevented placing the upper and lower water 
passages between the bear-trap recess and the culverts close the hinges. 
also advisable make those openings from ft. high instead 
ft. Should this method not entirely relieve the trouble, new construction 
pipe culvert laid just below the line the hinges with opening along- 
side each hinge leading from the bear-trap recess the culvert doubt could 
made effective washing out any deposit which might occur. 

“(d) order clean the pockets the lower leaf more easily 
desirable substitute channels and angles for some the web-plates. The 
elimination this method bracing and the elimination half the plates 
would make the cleaning very much easier.” 


the writer was not able find any record trap having been unwa- 
tered, cleaned, and painted elsewhere, somewhat better progress could made 
another similar job with this experience. 

Maneuvering first sixteen wickets the pass are raised with 
the maneuver boat lashed the pier. After they are up, the maneuver boat 
laid alongside them, and the raising proceeds described the writer, 
his report May, 1912, follows: 


“The head the boat brought that the front edge the bow 
within few inches being flush with the last wicket raised, the boat being 
held place stern line the pier, and two side lines made fast con- 
venient wickets—one near the bow and one near the stern. With the boat 
thus prepared and held position, the lockman the raising hook 
land the upper face the wicket raised. After striking the wicket 
drawn along 4-in. wire line wound one the drums the 
hoisting engine, until the hook engages the handhold the butt the 
wicket. The wicket then drawn until the prop heard fall into the 
step the hurter. that instant the lockman disengages the raising hook, 
and another man with pike pole forces the butt the wicket down against 
the pass sill. the instant the wicket strikes the sill, third lockman, tend- 
ing the stern line, releases ft. slack, and the current carries the boat 
forward the width wicket. the same time the engine-man takes 
ft. the head side line while the lockman the head the boat maneuvers 
the side line the winches the engine. This movement usually requires 
from from the time the butt the wicket strikes the sill. 
general, not necessary operate the spuds either raising lowering 
the wickets. During this maneuver the stern spud and upper side spud are 
raised and hooked up. The lower side spud left down just far enough 
engage the wicket. doing, serves two purposes: The boat made 
and engages the wicket below the axis, prevents going 
swing. 


lowering the pass wickets the movements the boat are reverse 
those described .previously. The lockman engages the lowering hook the 
upper hand hold the wicket, and signals the engine-man pull the 
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line attached the hook. The instant the lockman hears the prop drop out 
the step the hurter, disengages the hook, and the wicket, not ob- 
structed, carried gently down the current into position below the sill. 
the instant disengages the hook, the boat brought position for 
lowering another wicket. 

The maneuvers the wickets are often interfered with obstructions 
gravel, boulders, and driftwood. The methods overcoming these difficulties 
are only learned experience. 

Water Supply.—The water supply was taken air-lift pump from the 
rear end the upper gate recess and sedimentation gave potable water. 
sites where natural supply not found, the filter should constructed 
convenient place the lock coffer-dam. For Locks Nos. and 33, and for 
some the others, filters are constructed the angle between the upper face 
the navigable pass and the river wall. 

Signal Lights—Signal lights are maintained for indicating whether the 
dam down, and the position the ends the river wall and bear-trap 
piers. The number lights, their positions, and colors are prescribed the 
Engineer the Light House Department. The lights are carried standards. 
Supports concrete and steel have been tried, but have not yet proven en- 
tirely satisfactory. The supports after being submerged and the lights ex- 


tinguished are menace navigation long the depth water 


shallow prevent boats passing safely over them. periods swift 
current, drift, and ice, has not been easy maintain floating supports for 
carrying the lights. April, 1915, passenger steamer hit one the lower 
towers Lock No. 19, sank within few minutes, and about people were 
drowned. 

Snubbing next greatest menace navigation are the snubbing 
posts lock walls and piers. March, 1907, steamer hit the second snub- 
bing post (from head) the river wall Lock No. clear weather, when 
there was about foot water over it, and sank within min. the head 
Neals Island, with several people narrowly escaping drowning. the time, 
the water breaking the nose the wall clearly marked its position. The 
light towers and snubbing posts continue the greatest source danger 
the navigation the locks and dams. 

Disposition has been the custom dispose the drift 
hand derrick letting down one more wickets bear-trap. The 
writer believes that all big logs and trees should landed shore, cut up, and 
burned, thereby preventing injury passing boats, further attention 
the next dam below. 

The writer wishes make acknowledgment courtesies extended 
Col. Brown, Corps Engineers, A., Am. Soe. E., charge 
the First Cincinnati District, for access records his office 
mental assistance preparation this paper. 
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THE DESIGN AERATION UNITS AND SEDIMENTA- 
TION TANKS FOR THE ACTIVATED SLUDGE 
SEWAGE DISPOSAL PLANT 
MILWAUKEE, WISCONSIN 


During the last seven years the activated sludge process sewage disposal 
has been developed from miniature laboratory models the first stages 
observation practical and efficient working process capable 
purifying sewage high degree. 

The development this process has claimed the attention sanitarians 
throughout the civilized world, and promises continue doing the 
future. 

The municipal authorities many towns and cities the United States 
and Europe have investigated and adopted the process most applicable 
the conditions involved their problems sewage disposal. 

The City Milwaukee, situated the western shore Lake Michigan, 
and the junction the Milwaukee, Menomonee, and Rivers, 
which flow the city from the north, west, and south, respectively, 
realized great many years ago the necessity preventing the sewage-laden 
rivers and inner harbor from discharging their ever-increasing filth into Lake 
Michigan, the source the city’s water supply, and the bathing beaches 
the Lake shore. 

1914, the then recently created Sewerage Commission established 
sewage testing station Jones Island, the outlet the Menomonee Inter- 
Sewer, and provided facilities for determining the applicability 


the various universally processes sewage disposal, the treat- 
ment Milwaukee sewage. 


discussion will published subsequent number Proceedings, 


and, when finally closed, the papers, with discussion full, will published Trans- 
actions, 


Engr. Designs, Sewerage Comm., Milwaukee, Wis. 
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During the latter part 1915, the activated sludge process, then recently 
introduced England, was given its first trial tanks constructed the 
testing station for this purpose. The results obtained with these tanks and 
with other equipment subsequently installed, were encouraging, and during the 
following two years sufficient progress had been made the development 
warrant the Sewerage Commission adopting the process for the treatment 
the sewage Milwaukee. 

comparison with the older and better known processes sewage treat- 
ment, the activated sludge process demonstrated its superiority many ways, 
the most important which are: 


treatment per unit area. 
2.—Degree clarification. 
3.—Degree bacteria removal. 
4.—Commerical value the sludge. 

This paper deals only with the particular phase the design implied the 
title, namely, the aeration units and sedimentation tanks, the designs for which 
are fully developed. The designs for the fine screening and sludge de-watering 
plants are not fully developed, and, therefore, are referred only casually 
the writer. 

That the sludge can successfully de-watered filter presses was 
demonstrated the testing station during 1919 and 1920. Throughout this 
period, extending from the fall 1919 the fall 1920, two types filter 
presses—the leaf type and the plate type—were used almost continuously, and 
the sludge was de-watered suitable consistency for handling connection 
with further moisture reduction rotary dryers. 

the preparation this paper attempt was made select from the 
voluminous supply notes, data, and reports the writer’s files, only matter 
considered pertinent the decisions made date relative the final design 
the aeration units and sedimentation tanks for the activated sludge sewage 
disposal plant Milwaukee. 

number comparatively new terms sewage disposal literature, 
applicable, probably, only this particular process sewage treatment, will 
explained fully possible. 

The writer entrusted with the development designs for the Mil- 
waukee Sewerage Commission, and takes pleasure presenting this paper, 
with the hope that may contribute something the art sewage disposal 
and help some future time the solution problems similar those 
which engineers have been engaged Milwaukee. 


GENERAL ARRANGEMENT. 


The conditions pertaining the operation large activated 
sludge disposal plant suggested arrangement units similar that 
large mechanical water filtration plant wherein convenience operation and 
completeness control are paramount. 

The general idea followed laying the foundation for the design the 
plant Milwaukee was secure arrangement which would provide 
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operating galleries immediately adjacent the rows aeration and settling 
tanks and place them all the necessary appurtenances for the complete con- 
trol the air, sewage, and sludge passing through the plant. 

Referring Plate which shows the entire layout, the plant will seen 
twenty-four aeration tanks and fifteen settling tanks—one row 
aeration tanks and one row settling tanks each side the east and 
west center line the plant. 

The sewage, after passing through the grit-chambers and fine and 
after receiving the proper quantity activated sludge the outlet end the 
fine screens, will pass through the mixing channel between the fine screens and 
the plant and will enter the main feed channel the extreme western end 
the plant. this point, the flow will divide, half going through the two 
feed channels which supply the aeration tanks north the plant center line, 
and the other half going supply the aeration tanks south that line. Each 
aeration tank separated into two compartments thereby 
causing reversed flow. The flow enters the tanks through pipes the end 
walls the west compartments and leaves through pipes equipped with meters 
the end the east compartments. The outlet pipes pass through the two 
feed channels and discharge into the mixed liquor channels which surround 
each the settling tanks three sides. 

The settling tanks take their supply from the mixed liquor channels through 
submerged gates the east and west walls each tank, the effluent from 
each tank being collected troughs which discharge into each the main 
channels running east and terminating Lake Michigan. The sludge 
withdrawn from the bottom each settling tank and discharges into the 
two return sludge conduits which convey the return sludge pumps the 
northeast corner the main power house. From these pumps, forced 
under pressure the point feed the fine outlet, previously 
mentioned. 

The plant being designed the present time provide 
ample treatment facilities for estimated population 588 750. 


Units: Rate TREATMENT. 


Results obtained from the operation the demonstration plant the 
testing station indicate the practicability operating the aeration tanks 
rates high 20000000 gal. per acre per day without falling below the 
adopted standards for the was decided, however, adopt 000 000 
gal. per acre per day the conservative rate which base the design. 

The stated rate gal. per acre per day applies the quantity 
sewage treated each net acre horizontal sewage surface the aeration 
tanks only, the settling tanks, channels, and walls not being included the 
computed area. When treating sewage the rate gal. per acre 
per day, tank with 15-ft. depth liquor and with 20% volume 
activated sludge the mixture, the corresponding period detention closely 
approximates hours. 

time detention, displacement assumed not occur 
that part the tank occupied the sludge. other words, sludge content 


4 
| 


1950..... 128 000 130 075 000 200 000 


ACTIVATED SLUDGE SEWAGE DISPOSAL PLANT 


20% maintained the sewage, the volume represented this percentage 
sludge assumed occupy space the tanks permanently and not 
available for detention purposes. 

Each the twenty-four aeration units 236 ft. long, ft. wide, and 
ft. deep from the liquid surface the top the diffuser plates, and based 
rate 000 000 gal. per acre per day, with sludge content 20%, will 
treat approximately 580 500 gal. per day. 

The volume each tank about ft., which 200 eu. ft. 
are reserved for the 20% returned sludge, leaving 124 800 cu. ft. space 
available for the detention the sewage. The detention period corresponding 
3580500 gal. per day passing through tank the volume which 
124 800 eu. ft., will be, therefore, about hours and min. 


TABLE AVERAGE AND Maximum Rates 
PER Day For DisposaL PLANT 


(From 1915 Annual Report.) 


Average flow, gal- 


Average flow, Maximum fiow, 
Year. gallons per day. gallons per day. 
000 583 000 400 000 210 000 
000 483 000 127 800 000 165 610 000 
231 010 000 


aeration tank, the time detention will vary with the rate sewage 
flow and the percentage sludge maintained the plant. sludge 
returned constant rate, the sewage flow will the only variable which, 
course, will fluctuate through rather wide ranges, shown Table How- 
ever, the sludge returned rate corresponding the fluctuating sewage 
flow, then the detention period, based average rate flow, would more 
difficult determine, owing the increase decrease the flow intensity 
both sewage and sludge during 6-hour period. illustration, the sludge 
and sewage may entering tank rate corresponding the sewage flow 
for the particular time under consideration, and, the same time, the sewage 
and sludge leaving the tank would correspond the flow which occurred 
hours previously. Returning sludge fluctuating rate would require auto- 
matic pumping equipment synchronized with the sewage flow. This kind 
equipment does not appear warranted account the fact that return- 
ing sludge this manner contributes nothing the efficiency the plant. 
Owing the “lag” through the plant, due the large capacity the tanks, 
questionable whether the synchronous method operation could con- 
trolled approximate even the conditions operation which, first 
thought, appear the most desirable. inferred previously, the Milwaukee 
plant being designed operate constant supply returned sludge. 
This based the theory, which has been demonstrated successfully the 
testing station plant, that the constant supply sludge carried, aerated 
sufficiently during the low night flows, that the plant will treat successfully 
the peak flow the day without becoming impoverished the effort. other 
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words, the designs are based minimum constant supply well aerated 
sludge, rather than larger and variable quantity aerated probably 
lesser degree activity. 

Each aeration unit designed for reversed two-way flow, and the 
total length travel about 475 ft. The sewage which has been previously 
mixed the feed channels with the sludge, enters each tank through two 30- 
in., gate-controlled, inlet pipes the end wall and below the sewage surface 
and leaves the tank through 24-in. outlet pipe equipped with Venturi 
meter. The outlet pipe discharges into the mixed liquor channels which supply 
the settling tanks. The liquid level the tanks maintained practically 
constant overflow weir ft. long, which forms one side outlet 
box connecting directly with the outlet pipe. 

Figs. and show the general features aeration unit. The ratio 
the square feet diffuser area square feet horizontal liquid surface 
approximately Each the cross-containers holds nine diffuser plates 
and each the containers running lengthwise through the centers the 
two compartments each unit, holds seven plates. The containers running 
lengthwise form gutter, each compartment, used for drainage pur- 
poses when emptying tank. Seven plates are used each these con- 
tainers for the purpose facilitating the standardization the air-piping. 

The supply air each unit enters the end adjacent the side operat- 
ing galleries, through 12-in. pipe, and measured air meter. The 12-in. 
pipes pass through the gallery walls, run downward, and branch into two 
10-in. pipes directly over the center the 12-in. partition walls the center 
the aeration units. The 10-in. air-lines are carried the entire length 
each compartment and are supported top the precast container sep- 
arator blocks. Each diffuser-plate container supplied with air through 
1}-in. pipe connecting with the 10-in. air-header. 

All the information pertinent the performance the tanks plainly 
set forth the recording mechanism, and the control valves are within easy 
reach the operator. 


TANKs. 


stated previously, aeration unit has great flexibility, and high rates 
flow can maintained without impairing the character the effluent. 
settling tank likewise has flexibility, but different character and 
lesser comparative degree. 

The limit the capacity settling tank reached for given sludge, 
when the sludge the tank carried over the sides the effluent troughs 
and out with the effluent. Experience operating settling tanks the test- 
ing station led the adoption 1600 gal. per sq. ft. per day the safe 
rate which base the number and size tanks. This basic figure repre- 
sents the number gallons sewage which can settled every hours 
each square foot horizontal liquid surface the tanks, and does not 
include the return sludge the mixture which enters the tanks. Therefore, 
when 20% sludge the plant, the total volume liquor entering 
the settling tank per square foot surface area 2000 gal. this volume 
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1600 gal. represent the sewage flow and the remaining 400 gal., the 20% 
activated sludge. 

Table shows that the average and maximum expected flows for 1930 are 
183 000 gal. per day and 165 610 000 gal. per day, respectively, the maximum 
flow being about 94% greater than the average flow. This great difference 
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per sq. ft., which greatly excess the safe rate. Rates high 
2000 gal. per sq. ft. have been obtained the tanks the testing station 
and similar rate the large tanks now being designed can reasonably 
expected. However, study the settling-tank data, indicates that the rate 
decided conservative and the side safety. 

depth ft. from the liquid surface the inside bottom the tank 
was adopted and considered the depth necessary allow adequate storage for 
the sludge during maximum flow, based constant rate sludge with- 
drawal. Each the eleven tanks (Plates and II) octagonal shape 
the top, the corners and sides being sloped down with slope and 
converged form the circular bottom, ft. diameter. 

The mixed liquor enters the tanks from opposite sides through eight gates, 
ft. in. size. There are four gates each side, arranged operate 
together individually. 

the inside the tank, the center the gate openings ft. in. 
from the top the tank walls, allowing ft. for free-board, ft. in. 
from the sewage surface. The part the wall above each gate forms 
between the mixed liquor channels which surround the settling tanks three 
sides, and the inside the tanks. The function this baffle cause the 
mixed liquor enter the tanks below the upper clear-water zone and 
shorten the length downward travel for the sludge. 

Each tank equipped with complete Dorr thickener apparatus con- 
trolled from the central operating gallery. The horizontal surface area 
the sewage each tank sq. ft., and, based rate gal. per 
sq. ft., each tank will treat about 680000 gal. per day, which corresponds 
approximate rate 000 gal. per acre per day. 

The effluent drawn off the surface through three rectangular steel 
troughs extending across the tanks right angles the direction flow 
the tanks. These troughs discharge into the main effluent and by-pass chan- 
nels running east and west through the center the plant, and thence into 
Lake Michigan. 

Sludge drawn from the bottom each tank through 16-in. cast-iron 
pipe laid horizontally the concrete bottom. The sludge carried 14-in. 
riser pipes, vertically, from the 16-in. pipes the adjustable pipe-regulating 
arms, through which discharged directly into the main return sludge 
channels. 

The settling tanks marked and and-the aeration units 
marked and are designed and arranged that they can isolated 
serve units for the special treatment sludge pressed, should 
special treatment become necessary. The general features these tanks are 
similar those already described. 


CHANNELS. 


The ratio diffuser-plate area the area the sewage surface the 
feed and mixed liquor channels approximately the same that the 
aeration tanks, about the return sludge provided with 
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The effective depth all channels ft. This depth permits the drainage 
system the plant constructed under the channels, practically addi- 
tional excavation being required. 

The value the aerated channels, aeration units, was considered 
length, but owing the variables, such quantities, velocities, length 
travel, time detention, which entered into the problem, was decided 
finally credit the aeration plant safety factor whatever benefits were 
derived from aeration the channels. 

The feed channels—two each side the plant the head the rows 
aeration tanks—are provided duplicate order insure against shutting 
off parts the plant should become necessary drain channel for the 
purpose making repairs. All feed channels are designed for the anticipated 
1950 flow. 

The mixed liquor channels are arranged that sections can cut out 
service and drained for the purpose making repairs, ete. Each section 
comparatively small and with only one section between two settling tanks 
out service, impossible cut out service more than one entire tank. 
Owing the probable having make repairs the mixed 
liquor channels, stop-planks are used instead sluice-gates. All the 
feed channels and mixed liquor channels are ft. wide. 

The return sludge channels, each ft. wide and ft. deep, are duplicate 
for reasons already mentioned connection with feed channels. They re- 
ceive the discharge sludge from the settling tanks and will contain 
maximum depth 5.5 ft. sludge, which will permit visual inspection 
the sludge being discharged from each settling tank. the extreme west 
end the plant, the two channels, each which are equipped with sluice- 
gates for control purposes, unite into small forebay the head 54-in 
pressure conduit which carries the sludge the return sludge pumps. 

The two main effluent channels, each ft. wide and ft. deep, for 
obvious reasons, are not equipped with diffuser plates. The depth water 
these channels will depend the stage the water Lake Michigan. 
Elevation Q.00 the depth will about ft. The parts the channels 
between the end the plant and the outer bulkhead are designed pressure 
conduits the form inverted siphons and sufficiently low elevation 
permit future plant extensions directly top. The discharge from the 
plant will the outer face the bulkhead about ft. water. 


During the early stages the design the disposal plant, the engineers 
were confronted with the fact that convey large and fluctuating quantities 
sewage and around the proposed plant and and from the various 
units, and, the same time, provide self-cleansing velocities for mixture 
sewage and activated sludge, would require head greatly excess that 
available. 

became necessary, therefore, devise methods whereby satisfactory flow 
conditions could obtained and the losses confined within the fixed 
limits. all channels conveying sewage mixed with activated sludge 
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with diffuser plates, and supplying sufficient air (approximately cu. ft. 
air per square foot diffuser plate per minute) for proper agitation and the 
prevention deposition solids, appeared the most practical solution, 
and was adopted. Besides affecting substantial reduction loss head 
the main feed channels, this method possessed the additional advantage 
insuring intimate mixture sewage and sludge prior its entering the 
aeration units. 

Following the determination the major items connected with the design 
the plant, such the most desirable arrangement units, channels, 
also flow intensities, size units, and operating facilities, the problem 
analyzing flow conditions and computing and distributing hydraulic frictional 
losses was considered follows: proportion all channels, conduits, pipes, 
gate-openings, weirs, and sewage-measuring apparatus the most advan- 
tageous manner, confining the total frictional loss through the plant 4.25 
ft., based maximum assumed conditions flow hereinafter fully described. 
This total hydraulic loss represents the difference between the hydraulic eleva- 
tion the sewage the head the fine screen tail channel, which 
and the elevation the assumed high water Lake Michigan which +3.00, 
based city datum. 

The determination frictional losses through the fine screens, grit-cham- 
bers, coarse house, and connecting channels, will not discussed, 
outside the scope this paper. 

Elevation 3.00 which was used the maximum stage the water 
Lake Michigan, was determined from thorough study Lake level rec- 
ords taken over period fifty years, and although questionable whether 
this maximum stage will repeat and continue over extended period, 
believed that the use this elevation will insure the uninterrupted operation 
the plant against all except the most extraordinary and unusual occurrences. 
For several years past, the Lake level has fluctuated between Elevations 0.00 
and 1.00. 

Mixing plant described this paper assumed start 
the head the fine screen tail channel, which the application 
the activated sludge the sewage flow and also the point beginning for 
channels equipped with diffuser plates. channels leading this point, 
and also the main by-pass channel which directly beneath the main sewage 
channel and extends throughout the entire length the plant, are not 
equipped with diffuser plates for obvious reasons. 

The part the channel between the fine screens and the gate-house 
the plant (the channel between and Plate I), and which 
termed the mixing channel, ft. deep and ft. wide and equipped with 
diffuser plates the ratio are all the other channels except those 
conveying sludge from the settling tanks. 

The initial mixing sewage and returned sludge occurs this channel 
prior its diversion into and through the four feed channels which supply 
the aeration units. This channel proportioned accommodate maximum 
flow the rate 231010000 gal. per day, which the estimated ultimate 
capacity the 1950 plant, plus 40% returned sludge, based the esti- 
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mated 1950 average flow 128775000 gal. per day, making total 
316 860000 gal. per day. The 40% returned sludge referred to, will 
explained later under the heading, “Return Sludge Channels.” 

The following values Kutter’s were used for the determination 
losses: 


0.013 for pipes. 
0.020 for aerated channels. 
0.015 for unaerated channels. 


Head losses through gates, openings walls, and the entrance pipes, 
most instances, have been based velocity and entrance-head determi- 
nations, the entrance head being taken usually one-half the velocity head, 
due credit being given wherever feasible the velocity approach. 

Considerable uncertainty existed regarding the selection proper fric- 
tion coefficient for aerated channels, owing the character the bottoms 
which, when equipped with diffuser containers and container separators, will 
offer considerable resistance the flow, and also owing the upward passage 
diffused air through the mass sewage, with the attendant possibility 
setting counter currents. 

The consensus opinion, however, was that the coefficient adopted 
0.020) least would give results the side safety. 

gate-house, so-called because are four, 10-ft. 
control sluice-gates, one the entrance each the four sewage feed 
channels, located what called herein the entrance the plant and 
also the terminus the mixing channel. Mixing continued, however, 
throughout the entire length each feed channel. 

For reasons explained previously the feed channels are duplicate. Dur- 
ing the time the channel out service, the aeration tanks will take their 
supply from the duplicate. For the purpose assuming maximum con- 
dition which determine the loss head through the head-gates, was 
considered possible that the maximum flow sewage might occur time 
when sludge was being returned the plant double the normal rate, 
which time two the feed channels, one each side the plant, were 
out service, leaving the two remaining active channels pass the entire 
flow. 

This assumed condition may appear severe, but the total loss 
involved was not considered excessive, material advantage would have 
resulted from the adoption of.less severe conditions. 

Feed the four sewage feed channels ft. wide and 
ft. deep (depth sewage), and, under normal plant operation, all them 
will use the same time. 

Each the twenty-four aeration units equipped with duplicate inlet 
pipes, in. diameter, and sluice-gates, each inlet pipe taking its supply 
from one the duplicate feed channels. 

The total length each pair channels about 790 ft. for the 1930 
plant and 1120 ft. for the 1950 plant, being assumed that the extension 
required accommodate the estimated sewage flow for 1950 will consist 
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twelve additional aeration units and six sedimentation tanks, 
about 50% the capacity the plant designed for the 1930 period. 

The maximum conditions flow which loss head determinations was 
based, are those described previously, connection with the functions 
the gates the gate-house. The frictional loss was computed increment 
basis, that is, the total quantity carried the channel was decreased 
uniform intervals throughout its length the quantity supplied each 
aeration unit, and separate computation was made for the decreased flow 
each succeeding increment. 

The reason for considering the channels immediately adjacent each 
row aeration tanks determinations for the loss head, was that the 
cross-section the channel restricted the 30-in. inlet pipes which con- 
nect the duplicate feed channel the aeration units, and the loss head 
would slightly greater this channel than the duplicate, account 
this restriction. 

Aeration Units Nos. and were assumed out service for the 
purpose simulating possible condition operation whereby the flow, 
which under ordinary operation would enter and pass through Units Nos. 
and would required pass Tanks Nos. and and thereby cause 
small head loss which would not with Units Nos. and service. 

Aeration the twenty-four aeration units designed 
the basis treating sewage average rate gal. per acre per 
hours for the estimated 1930 flow. 

Due the fact that this rate conservative and that possible 
operate safely rates and including 20000000 gal. per acre per day, 
assumed that the aeration plant would operated its limit before 
new units were added future conditions increased flow. 
This assumption indicates the necessity for basing loss determi- 
nations the maximum flow conditions existing when operating rate 
000 000 gal. per acre per day instead similar conditions for rate 
gal. per acre per day. 

When operating average rate 20000000 gal. per acre per day, 
aeration unit will treat approximately 4774000 gal. per day; the total 
quantity the liquor entering the tank daily through the two 30-in. inlet 
pipes, including 20% return sludge, approximately 967 500 gal. 

The maximum daily rate flow for the 1930 period, shown Table 
about 94% greater than the average flow, which means that the peak flow 
would the rate gal. per day. The total quantity liquor 
passing through the tank this rate, including return sludge the normal 
rate, would about 10455100 gal. this latter quantity that the 
loss head through the inlet pipes which connect the feed channels 
and aeration units, was determined; and for the establishing 
maximum condition, this total flow was assumed pass through one 30-in. 
inlet only, that connected with the feed removed from the 


aeration units. The head loss the passage the liquor through 
the aeration units negligible. 
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The outlet end each aeration unit, described previously, equipped 
with overflow weir, and possesses suitable adjusting facilities for obtaining 
the proper setting. The flow passing over this weir discharges into forebay 
which connected the mixed liquor channel 24-in. Venturi meter 
equipped with sluice-gate, and all the necessary apparatus for measuring and 
recording the flow leaving the unit. With the facilities thus provided for 
measuring the flow, each aeration unit should susceptible close regula- 
tion and reasonably complete control. 

The fact recognized that although each and every aeration unit 
designed and will constructed precisely the same manner and, theoretic- 
ally, should treat like quantities under given conditions, quite probable 
that each unit will have its own peculiar characteristics, and secure the 
most efficient results, will have operated accordingly. The entire field 
meters and measuring devices for measuring liquids was thoroughly in- 
vestigated before the Venturi meter was finally adopted. 

Mixed Liquor hydraulic losses the mixed 
liquor channels are derived from the assumption that quantity sewage 
equivalent the rated capacity one sedimentation tank will required 
pass through two the 6-ft. openings the partitions which are 
placed regular intervals the mixed liquor channels for the purpose 
isolating sections the channel the use stop-planks. 

The loss head caused the actual flow sewage the channels, which 
are ft. wide and ft. deep (depth liquor), practically negligible be- 
cause the frequency the points discharge from the aeration units, 
resulting short lengths travel and small quantities, compared with 
the conditions flow and quantities carried the feed channels. 

Based conditions creating loss head alone, would have been possi- 
ble use narrower channel for the mixed liquor; but the relative importance 
maintaining the elevation the surface the liquor all parts the 
channels nearly constant possible for ordinary conditions operation, 
was deemed greater moment than the small saving money which could 
have been effected through the use smaller channels. 

Sedimentation Tanks.—The rated capacity each the 98-ft. sedimenta- 
tion tanks, mentioned previously, gal. per day. This quantity, 
together with the return sludge content, will enter each tank through the 
eight ft. sluice-gates, four each opposite sides the tank. 
With the gates fully open, the frictional losses when passing the quantity men- 
tioned will negligible. 

There remote possibility that some manipulation gates will 
required take slight differences the elevations the edges the 
trough weirs the sedimentation tank, and the surface the sewage 
the mixed liquor channels. small allowance head, therefore, has been 
for possible condition requiring throttling the gates. 

top edge the weir plates will set the proper 
elevation and leveled when the tanks are first placed service. 

Theoretically, assuming that the flow over each the six weirs 
tank would equal one-sixth the total flow through the tank, the 
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corresponding depth flow over each weir would equivalent that pro- 
duced gal. passing over weir, 588 ft. long, about in. 
questionable whether the theoretical conditions cited would obtain the 
the three troughs and, view the lack information pertinent 
the possible skimming action multiple troughs, was thought best 
make somewhat greater allowance the quantity passing over both weirs 
the middle trough. allowance 50% was made, lieu 
the used the theoretical trial 

Effluent two effluent channels which are parallel and ad- 
jacent the return sludge channels, opposite sides the center line 
the plant, receive the effluent directly from the ends the effluent troughs 
and convey outlet chamber the eastern bulkhead, indicated 
Plate where discharged directly into Lake Michigan through sub- 
merged openings which are duplicate. 

The channels are constructed open channels far the east- 
ern end the 1930 plant and, from this point the Lake, pressure 
conduits. 

The function the pressure conduits, besides that conveying the 
Lake Michigan, twofold: First, minimize the open chan- 
nels the effects due “swell” and wave action caused on-shore winds; and, 
second, permit the continuance the construction future plant 
easterly direction. 

intended that the effluent from the future extensions the plant shall 
flow west instead east, the 1930 plant, and discharge into the sub- 
merged chambers provided the entrance the pressure conduits, the latter 
being proportioned accommodate the maximum estimated 1950 flow. 

Each the channels ft. wide and ft. deep (total depth), 
and each the effluent pressure conduits ft. wide and ft. deep. 

By-Pass by-pass conduit which begins the terminus 
the riser shaft the intercepting sewer the coarse screen house, 
constructed directly beneath the main sewage conduit and will extend through- 
out the length the plant, mentioned previously, affording by-pass facili- 
ties for the coarse screen house, grit-chamber, and fine screens. will also 
connect with the two effluent channels point beneath the mixing channel 
the gate-house. 

The maximum loss head the effluent channels and pressure conduits 
will when all the sewage by-passed around all the aeration units and 
sedimentation tanks condition which hoped will never exist), but 
the loss head due this condition would oceur the time when the plant 
would out service, the head losses here considered and adopted are those 
resulting from the determinations based the maximum discharge effluent 
from the sedimentation tanks. 

Sedimentation Tanks Nos. and the western end the 
plant, were assumed out service making the determination for loss 
head. 

Return Sludge Channels.—The head loss the two return sludge channels 
entirely separate and apart from the losses which effect the flow through 
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the plant, and was given separate consideration from the standpoint con- 
serving the head and thus reducing the lift for the return sludge pumps. 

Each sedimentation tank equipped with two adjustable discharge pipes, 
in. diameter. The double discharge feature affords facilities for dis- 
charging the sludge into either the channels. 

not planned operate both discharge pipes the same time, but 
the design does contemplate the use both channels all times, except when 
might become necessary replace broken filtros plate, repair pipe, 
perform other work similar nature one the other the channels. 

The assumed condition producing the maximum loss head will occur 
when one the channels out service and sludge being withdrawn from 
each tank double the normal rate, and the total quantity being carried 
one channel. The calculation for loss head was based this assumed 
severe condition order determine the lowest possible elevation used 
basis fixing the extreme lower limit for the lift for the return sludge 
pumps. The total length channel considered the determinations for loss 
head equivalent that required extend the extreme eastern limits 
the 1950 plant. 

The aerated return sludge channels terminate the gate-house, and the 
sludge carried them discharged this point into unaerated forebay 
the entrance unaerated pressure conduit. This conduit (54 
in. diameter) proportioned that the expected minimum flow sludge 
through will create velocity somewhat excess ft. per sec. for the 
1930 quantity. The flow conditions which the head losses are based are the 
same those described for the channels. 

The return sludge pumping equipment will consist three motor-operated 
centrifugal pumps, each capable pumping sludge rates 6000000, 
000 000, and 000 000 gal. per day. will draw its supply from the suction 
well mentioned previously and force through 48-in. cast-iron pipe equipped 
with Venturi meter the head the fine screen tail channel (mixing 
channel), where will discharged through multiple outlets into the sewage 
entering the plant. 

The sludge pressed, waste sludge called, will taken from 
the 48-in. foree main, directly from the aeration sedimentation tanks 
which may reserved for the special treatment waste sludge, and con- 
veyed through conduit the sludge de-watering plant. 

Sludge Draw-Off drawn from the sedimentation 
tanks means hydrostatic head and, unless the actual operation the plant 
for period time shows indications the contrary, will withdrawn 
practically constant rate throughout each hours. 

Although the designs are based constant sludge return 20% and 
facilities are provided the same time the sludge draw-off pipes and the 
sludge pumping equipment for variable rate sludge return, should not 
inferred that variable rate return contemplated. 

The figure 20% and the quantity sludge corresponding thereto 
are used the sense that they represent probable high average rate, possibly 
close the rate which, actual operation the plant, may prove 
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the maximum required. Seasonal changes, applied the character the 
sewage, may indicate the necessity for varying somewhat the rate and per- 
centage sludge return and, the light past experience, connection 
with the operation the testing station plant, the indications appear 
that the basic figure 20%, varied all, will reduced rather than 
increased. 

The facts leading and entering into the determination necessary 
provisions relative adequate and proper flexibility for devices and apparatus 
used connection with the manipulation return sludge, can summed 
up, follows: 

seven years will elapse between the time placing 
the plant operation and the 1930 period for which designed. 

the actual sewage flow 1930 will correspond 
that which has been estimated, problematical. 

actual rate rates returning sludge can determined 
definitely for the sewage flow from the entire city only after the plant has 
been placed operation. 

may possibly periods short duration, when 
sludge will have drawn from the tanks excessive rates. This may 
required order lower the sludge level one more, possibly all, 
the tanks. The likelihood this condition arising would appear depend 
largely the the operation resulting from the personal equation. 


The draw-off pipes are in. diameter the horizontal, and in. 
the vertical run, except those for the tanks which are in. diameter, 
horizontally and vertically. There cone-shaped entrance the 16-in. 
pipes the bottom each tank, the center, where the sludge which has been 
deposited the bottom and which has been brought the center the 
spiral ploughing action the Dorr thickeners, enters the draw-off pipes and 
the return sludge channels pressure. 

The quantity sludge being withdrawn controlled the difference 
head between the elevation the sewage surface the tanks and that the 
ends the adjustable 14-in. discharge pipes which are operated from 
floor stands through the medium worms and circular racks. 

selecting the proper size for the draw-off pipes, the determining factors 
were the minimum velocity and the maximum loss head, the minimum 
velocity being established ft. per sec. and the maximum loss head 
ft. allowance ft. was made between the centers the discharge 
pipes and the maximum elevation the sludge surface the return-sludge 
channels, the total distance from the liquid level the sedimentation tanks 
the maximum liquid level the sludge channels being established ft. 
This allowance will permit unobstructed visual inspection the flow 
sludge from the discharge pipes, and the depth sludge the sludge channels, 
namely, ft., referred previously, sufficient submerge properly the 
entrance the sludge conduit the forebay, the western end the 
channels. 

all the sedimentation tanks are placed service during the early years 
the plant’s operation, the indications are that velocities slightly less than 
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ft. per will obtain the 16-in. pipes. If, the other hand, matter 

the number tanks use for given flow proportional the 
‘flow, based the practical limit the tank’s capacity, would appear 
reasonable assume that the pipe velocities would susceptible the same 
range control which would obtain when all the tanks are service and 
the flow for which the plant whole designed. 

The 16-in. pipes are cast the concrete forming the floors the 
sedimentation tank and are sufficiently large accommodate the maximum 
assumed rates sludge flow based sedimentation rates considerably 
excess 1600 gal. per sq. ft., without causing the frictional losses exceed 
the fixed limit. The 14-in. vertical pipes and adjustable discharge pipes which 
can erected independent the tanks and walls, combination with the 
horizontal 16-in. pipes, will rates sludge flow corresponding 
sedimentation rates and including gal. per sq. ft., without exceeding 
the allowable friction loss. Should future requirements demand, the 14-in. 
pipes removed and larger size substituted. 

The waste sludge has been referred only casually, for the reason that 
sufficient quantity influence the conditions flow through the plant. 
For example, the daily accumulation sludge the plant the rate 
000 gal. 98.5% moisture material per million gallons sewage treated, 
the total daily quantity for the 1930 period will about 1275.000 gal. and 
for the 1950 period about 1920000 gal. can readily seen that this 
paratively small quantity, when distributed over the entire plant, would have 
appreciable effect any calculations pertaining the plant hydraulics. 


SYSTEM. 


The compressor plant for furnishing air will consist four, ft. 
per min., Ingersoll-Rand turbo blowers direct connected Allis Chalmers 
steam turbines. There will three active units and one spare. 

attempt will made the writer detailed description the 
proposed power plant. Only few references will made 
the arrangement, character, and capacity the machinery. Each blower will 
take its supply air from the outside atmosphere through screened louvers 
along the east side the power house and just below the roof. 

The air will pass downward the blowers through 36-in., cast-iron, inlet 
pipes equipped with Venturi meters and spray washers for measuring and 
washing the volume free air compressed.. After being compressed, 
the air will discharged through 30-in., cast-iron, outlet pipes and the 
main air-header leading the plant. The capacity each unit, should 
interpreted meaning 30000 cu. ft. free air per minute compressed 
per sq. in. 

The air requirements for the 1930 plant are based air the 
aeration tanks the rate cu. ft. air per gallon sewage treated. ‘The 
conversion this figure single diffuser-plate basis, assuming that sewage 
being treated the rate 000 gal. per acre per day, with 
ratio results figure which indicates that each diffuser plate will 
pass air the rate 1.48 cu. ft. per min. 
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Each aeration unit will actually contain diffuser plates, and each 
plate supplied with air the rate mentioned, the total air required per 
minute per aeration unit will about 820 cu. ft. and, for the twenty-four 
units, about cu. ft. 

Air will supplied for agitation the diffuser plates all the aerated 
channels, the approximate rate cu. ft. air per diffuser plate per 
minute. The total number plates the channels and will require 
about cu. ft. air per minute. The total quantity air required for 
the aeration tanks and channels will the approximate rate 103 200 cu. 
ft. per min. will noted that this quantity exceeds the combined rated 
capacity the three active blowers which 000 cu. ft. per min. pressure 

The secondary rating the blowers, which approximately 000 cu. ft. 
air per minute pressure indicates available combined capacity 
105 000 cu. ft. per min. for the three units. This capacity more than ample 
satisfy the air requirements for the plant, and questionable whether 
the pressure losses the air-distribution system whole will ever exceed 
per sq. in. 

Experience operating the plant the testing station has shown con- 
clusively that when foreign substances, such dirt and oil, are eliminated 
from the air supply, there little danger anticipated from the clogging 
diffuser plates and the resulting increase pressure. 

The equipment which has been selected and purchased for compressing and 
washing the air, was designed and constructed under specifications which re- 
quired 100% performance relative the quality air delivered. The 
importance constant clean air supply vital the operation and main- 
tenance activated sludge plant and should not under-estimated. 

The problem designing adequate and practical piping system for the 
distribution air was given great deal study and consideration and was 
finally developed from the following basic conclusions. 


the drop pressure due frictional losses the pipes 
should not exceed based the estimated requirements for the 1950 plant. 
This allowance does not include the fixed loss through the check-valve and 
gate-valve each blower outlet pipe and the loss through the diffuser plates. 

accurate and convenient facilities should provided for 
measuring the volume air supplied each aeration unit and the mixed 
liquor, feed, and return-sludge channels. 

the pressure drop the aeration units should based the 
quantity air required treat sewage the rate 000 gal. per acre 
per day, allowing cu. ft. air per gallon sewage, 1.98 cu. ft. air per 
diffuser plate per minute. 


General Arrangement the first steps the design 
was give separate consideration the depths liquor the aeration units 
and the channels. The depth liquor the aeration units, noted pre- 
viously, ft.; that the feed and mixed liquor channels ft.; and 
that the return-sludge channels about ft. maximum. 
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The largest proportion the total quantity air used the aeration 
units. here, also, that the maximum pressure required, owing the 
depth the liquor. 

was decided, therefore, after having compared the cost providing and 
operating separate low-pressure blowers for supplying air the channels with 
the cost supplying air excessive pressure from the large units, that 
better economy could obtained through the use system sub-headers 
carrying pressure suitable the depth liquor, the supply air being taken 
from the main air-headers and the reduction pressure obtained through 
resistance pressure-reducing valves. 

The two sub-headers which supply the feed and mixed liquor channels with 
air, are connected the two main air-headers points about opposite the 
center the middle units the 1950 plant, the connection pipes, which are 
in. diameter, being equipped with pressure-reducing valves and air meters. 

The sub-header supplying air the return sludge channels and the mixing 
channel connected the main air-header the western end the plant, 
the gate-house. This connection which in. diameter, also equipped 
with pressure-reducing valve and air meter. 

Each aeration unit will take its supply air directly from the main air- 
header, the connection being made the top the header order avoid 
carrying condensate into the piping the aeration unit. 

The connecting pipes between the main air-headers and the piping the 
aeration units are in. diameter and each pipe equipped with gate- 
valve and air meter. 

Determining the Air-Pipe work carried connection 
with securing data and information pertinent the allowance adequate 
pipe capacity for the air, led the adoption the “Thorkelson” formula. 
This formula may expressed follows: 

000 
which 

loss pressure, ounces per square inch. 

velocity air, feet per second. 

000 constant. 
Twelve diameters pipe are allowed for bends degrees. 

The air compression the blowers will occur under conditions, 
and the compression factors used for determining compressed volume, velocity, 
and the resulting pressure drop, were based this condition. 

quite likely that some the heat compression contained 
air will lost the air mains through radiation, resulting loss volume, 
less velocity, and less friction. Possibly, however, this loss will made 
the heat resulting from the friction the air against the walls the 
and, consequently, the compression factors used were not corrected for 
heat losses resulting from radiation. 
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The allowable pressure drop which was used basis propor- 
tioning the pipe sizes,.was determined from cost comparisons (Table pre- 
pared indicate the probable relation between the cost compressing air 
and that enlarging the pipe sizes reduce friction losses. 


TABLE Costs, THE AIR REQUIREMENTS 
FOR THE 1950 


ANNUAL 


PER MINUTE. 
Pressure. 
Interest Percentage cost com- 
Percentage cost. percentage pressing air plus interest 
(3) (4) (5) 
s* @* 100 100 1 100 


The assumption has been made that increasing the size the air-pipes 
will increase the cost the installation rate theoretically proportional 
each oz. increment reduced pressure drop. This assumption, however, 
not correct, because the fact that, enlarging the air-pipes reduce 
friction losses, only those sizes which show comparatively large losses would 
increased substantially, and those which show lesser comparative losses 
would increased lesser proportion. 

Although the comparative values, shown Column (5) Table would 
not the same those which would result from actual cost analyses 
various air-pipe combinations, corresponding the pressure differences shown 
Column (1), the general the annual charges decrease the 
friction losses are decreased, would appear hold strictly true. 

consideration the foregoing indications relative the economical 
necessity for maintaining friction losses the air mains 
minimum, careful study all the conditions entering into and affecting 
the actual installation air-pipe system was made, with the result that 
the combination sizes finally adopted appeared suit best the conditions. 

The friction losses were calculated along the line, A-B-C-D-E, Fig. 
which diagram the main air-piping for the 1930 plant and 
1950 extension. Point the power house; Point the junction 
and 60-in. pipes the north the center 
plant; the southwest corner the south gallery; Point 
extreme end main air-header the and Point the top 


| 


PLANT 


SEWAGE DISPOSAL 


ACTIVATED 


Course Screen 
- House 


6-30 000 c f.m.Blowers 
6 Units in Service 
1 Spare Unit 
Main Air Header 


\\ 
Fine 


House 
1 


SKETCH SHOWING DIAGRAM 


MAIN AIR PIPING FOR 
1930 PLANT AND 
POSSIBLE 1950 EXTENSION 
SEWERAGE COMMISSION 
CITY MILWAUKEE 


8 Air Meter and Pressure Reducing Valve 
Ya Meter and Pressure Reducing Valve 


3 
< 
< 


Air Meter and Pressure Reducing Valve 


R 


Air Line for Return 


1 


Channel 


re Reducing Valve 


late Meter and Pressu 


rc 


and Mixed Liquor Channels 


Ry & Low Pressure Air Line for Feed 


/, 
i=] 
cr 


ACTIVATED SLUDGE SEWAGE DISPOSAL PLANT Papers. 
surface the most remote diffuser plate the far end the most easterly 
aeration tank the 1950 plant. 

The total loss due friction along this line approximately 0.5 lb.; the 
fixed loss allowed for resistance through diffuser plates 0.75 which 
simply safe, and the fixed losses occurring the blowers approximately 0.3 
making total loss approximately 1.55 lb., based the estimated 
requirements for the 1950 plant. 

The approximate pressure under which the blowers will possibly operate 
1950 8.06 lb. per sq. in. This figure obtained adding the pressure 
due the 15-ft. depth liquor aeration unit the sum the friction 
losses. can readily seen that the blower pressure for the 1930 plant 
will somewhat less than 8.06 possibly about 7.75 

The pressure the air supplied the channel piping, stated previously, 
will proportioned, except for the small friction losses, the depth liquor 
the channels. all cases these pressures will considerably less than 
those the aeration units. 

Character Pipe against the formation rust 
which eventually may clog the diffuser plates, the inside walls pipes 
carrying air, quite important the design air-pipe system for the 
activated sludge process and should not overlooked. The tendency for the 
pipe rust due principally the presence moisture the compressed 
air, condition which appears impossible prevent. 

The presence moisture the air due conditions the atmosphere 
and also the action the water sprays the air while passing 
through the air-washers. 

doubt, moisture will present the air mains the form con- 
densate, resulting from differences temperature between the compressed 
air, which will leave the blowers probably 140° Fahr., and the outside 
atmosphere. This condition indicates the necessity for providing traps and 
blow-offs for removing condensate from the system. 

Cast-iron pipe, Class bell and spigot, was adopted for the main air- 
headers and for the headers the aeration units. was selected account 
its lasting qualities, rigidity, resistance corrosion, and the ability the 
lead joints allow movement due expansion and contraction. 

Rigidity referred important factor with special reference the 
larger sizes—from in.—as compared with equal sizes made-up 
commercial pipe less substantial construction. All cast-iron pipe 
well coated inside and out, with asphaltum paint. 

All the sub-air headers and the small piping the channels and aeration 
units are galvanized wrought-iron pipe. All the fittings are likewise 
galvanized. 

Diffuser Plates—The diffuser plates used are kiln-burned silica 
product and are known the trade name “filtros” plates. 

These plates, which are in. square and in. thick, are hard and 
porous and will not disintegrate show signs deterioration when they are 
immersed sewage and subjected the chemical actions taking place therein. 
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The specifications under which the filtros plates are being manufactured 
for the Sewerage Commission Milwaukee provide that each plate, when 
pass air the rate from 8.9 12.9 cu. ft. per min. under 
2-in. water pressure. The plates are placed precast concrete containers. 
The setting the containers and making the air-pipe connections thereto will 
not done until the construction the aeration units and channels prac- 
tically completed. 

anp 


great deal may said connection with the details the design for 
any large structure, especially one subjected the influence conditions 
which, virtue the environment fixed location, involve considerations 
relating the study and application forces. 

The conditions influencing and controlling the design the structure for 
the disposal plant Milwaukee not differ, any great extent, from 
those which have been encountered and studied elsewhere, and, although 
certain features the design are based data and analyses conditions, 
probably not heretofore generally used, the design whole possesses 
unusual features. 

The shape and size the tract for the sewage disposal works were deter- 
mined conjunction with the development plans for the proposed harbor 
improvements. The decision arrived relative the arrangement the 
disposal works whole was that the necessary structures for the cage screens, 
rack screens, fine screens, grit-chambers, blowers, generators, boilers, presses, 
and dryers, should located the fast land the tract and that the aeration 
units and sedimentation tanks should constructed site prepared 
Lake Michigan adjacent the fast land. 

accordance with this decision, large coffer-dam was designed and 
constructed, and the enclosed area which approximately 700 ft. 900 ft., 
after having been dredged hydraulically about Elevation —12.50, was de- 
watered. 

The fact that all the structures would have placed pile foundations 
was recognized from the beginning, and series tests were undertaken 
determine the allowable bearing for the piles. complete description the 
pile tests, although containing much interesting data, too lengthy 
presented herein. The final results, however, indicated that bearing 
tons per pile would sufficiently safe use connection with the design, 
and that figure therefore was adopted. 

Conditions Loading condition loading which the 
spacing piles was determined, took into account the total dead weight 
the tanks and channels, and also the weight the sewage contained them 
when filled. The piles under the sedimentation tank bottoms are spaced 
ft., center center, both ways, and those under the aeration unit bottoms 
were spaced ft. in. one direction and ft. in. the other. each 
the loading requires pile for approximately each sq. ft. area, 
except under the walls where closer spacing needed. 

When the construction completed, and the plant placed service, 
the ground-water level which, during construction, being maintained lower 
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than the bottom the site, continuous pumping, will allowed seek 
its own level, which will probably the same the prevailing stage water 
Lake Michigan. 

the level the water Lake Michigan Elevation 0.00, the 
force acting the bottoms the sedimentation tanks will that due 
hydrostatic head ft., about 812 per sq. ft., and that acting the 
bottoms the aeration units will about 740 per sq. ft., that cor 
responding hydrostatic head 11.83 ft. 

considering the uplifting connection with the design, full value 
was given the intensity this allowance whatever being made 
for resistance due percolation through the soil, for the probable inability 
the pressure exert itself over the entire bottom the tanks, which will 
poured place directly the sandy bottom the tract. 

This uplifting course, will more than balanced the weight 
the tanks and channels which will filled with sewage when the tanks are 
service, and partly balanced the weight the structures alone when 
empty. the latter condition which must met insure the stability 
the plant against conditions likely met operation, which would 
require the emptying the units. 

Two methods satisfying this condition were carefully considered: One 
provide sufficient weight the structure itself balance the uplift, and 
the other, provide sufficiently rigid anchorage bond between the pile- 
heads and the concrete and utilize the holding down power the piles. 

For reasons economy, the latter method appeared the more favor- 
able, and series elaborate tests were conducted determine, possible, 
the best and most adaptable type anchorage. 

The tests, which were conducted Lundahl, Am. Soe. 
E., Division Engineer, indicated that plain pile-head, stripped the bark 
and embedded in. the would develop strength bond, with 
ample safety factor, sufficient equal the holding down power the pile, 
which was fixed, with safety, 50% the bearing value, about tons. 
The maximum uplift the piles spaced will not greatly exceed tons 
per pile. 

view the results these tests, the designs provided for each pile-head 
embedded in. the concrete bottom, and the weight the structures 
was based the requirements for strength alone. 

Design slabs, reinforced two directions, top and 
bottom, were used for the sedimentation tank and aeration unit bottoms. The 
loads used were those which have already been mentioned connection with 
the bearing and uplift the piles. 

section slab, the length each side being equal twice the distance 
between pile centers, was used the unit area which the thick- 
ness the concrete and the percentage steel. 

The selection the dimensions for the slab, which dimensions were con- 
sidered sufficiently substantial warrant their use, was governed consid- 
erations relative the possibility unequal settlement the piles and the 
resulting tendency set uncertain conditions strain the bottoms, 
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which, not adequately guarded against, might conducive ultimate 
rupture. 

The steel the top the slab proportioned the 
moment resulting from the hydrostatic uplift, and the negative moment over 
the supporting piles due the force the downward loads. The steel 
the bottom the slab proportioned the downward loads acting inde- 
pendent the uplift. 

Design walls the cantilever type, reinforced both 
sides and supplied with temperature steel, were designed for the 
aeration units, sedimentation tanks, and channels. 

Walls subject the same water pressure both sides were proportioned 
and reinforced withstand the total load from either side. Walls subject 
combined earth and water load one side and water load the other 
side, were treated similar manner. 
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The loading referred combined earth and water that due back-fill 
with outside walls and the the back-fill 
which assumed completely saturated below zero elevation. The hori- 
zontal unit pressure exerted the saturated back-fill assumed about 
100 lb. per sq. ft. for each foot depth. 

The tension allowed the steel throughout the design was per 
sq. in., and the maximum compression allowed the concrete was 650 
per sq. in. 

Expansion joints the general type shown Sections 
and T-T Fig. were incorporated the design. Where used, these 
joints completely separate the adjacent parts the structure. 

Each entire section the plant between the expansion joints securely 
tied together with reinforcing rods and, from structural standpoint, 
self-contained unit. The copper sheet and soldered 
joints, corners, and intersections, order secure water-tightness. 
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ACTIVATED SLUDGE SEWAGE DISPOSAL PLANT 


operating galleries will constructed brick, with re- 
concrete and composition roofing and steel roof beams. 

The exterior treatment will harmonize with the general architectural scheme 
adopted for all the buildings which will have been constructed when the entire 
plant completed. 

The design contemplates the use steel doors and windows throughout. 
Subway grating, in. deep, “Irving” Type connection with concrete 
slabs, will provided for walk-ways and covers throughout. 


GENERAL. 


The “thickeners”, concentrators, with which all the sedimentation 
tanks are equipped, will supported from steel trusses spanning the 
tanks. The reduction gearing, motors, ete., for driving the apparatus, will 
mounted the top chords the trusses and will protected from the 
elements housings hy-rib construction. 

The starting and stopping switches will mounted the walls inside the 
center gallery and near the sludge outlet pipes, thus placing the complete 
sludge-control mechanism for each unit conveniently close the unit itself. 

water main carrying city pressure provided for each the three 
galleries. These mains which will suspended from the roof beams, are 
fitted with drop pipes and hose connections in. diameter, opposite 
each sedimentation tank and each aeration-tank battery, for the purpose 
providing facilities for flushing the tanks, channels, ‘and drains. 

The present filtros-plate containers and the container separators are being 
manufactured the rate about pieces per day, the Sewerage Com- 
mission, its own plant which was constructed especially for this 
purpose. The plant completely equipped with the necessary steel forms, 
cranes, tram-cars, mixing plant, and steam room. 

The manufacture the containers and separators, particularly the con- 
tainers, work requiring extreme care, and the product being turned out 
the plant first-class every respect. 


CoNCLUSION. 


The work has been directed and developed under the direction Chalkley 
Hatton, Am. E., Chief Engineer the Sewerage Commission, and 
for several years past Harrison Eddy, Am. Soe. E., has been employed 
the Commission the capacity Consulting Engineer. 

Those the Sewerage Commission staff, beside the writer, who have been 
associated intimately with the development the process from its inception, 
and also with the more recent work preparing final designs, are James 
Ferebee, Am. Soc. E., Principal Assistant Engineer; William Cope- 
land, Affiliate, Am. Soc. E., Chief Chemist; Lawrie Kurtz, Assoc. 
Am. Soc. E., Division Engineer and Designer; Henry Reisig, Assistant 
Chief Chemist; Anthony Magerl, Architectural Engineer; Erskine Nicol. 
Senior Engineer; and Bert Langeler, Structural Engineer and Designer. 
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RAINFALL AND RUN-OFF STUDIES 


Discussion* 


Horner. 


fession certainly indebted the author for making public the results 
his investigations. The writer would not attempt estimate the loss 
capital invested hydraulic works, during the past thirty forty years, 
from lack such information. 

Time was when, the absence more complete information, the evapo- 
ration tests which had been made water supply engineers along the 
Eastern seaboard—and which were widely published—were accepted prob- 
ably applicable over the United States general. This mistake, coupled 
with lack appreciation the distinctive differences between rainfall and 
run-off different sections the country, has been partly responsible for 
great losses. 

The conditions prevailing New England and the seaboard States, are 
quite dissimilar from those which prevail the Great Plains. the 
casual observer, who travels, knows that the Eastern States the streams 
flow the year areund, while, parts the West, the streams are dry fifty-one 
weeks the year and, human-like, make for lost time getting soaked and 
going beyond customary limits during part the remaining week. 

The writer has previously referred§ the comparative fluctuations the 
Connecticut and Kansas Rivers. the Great Plains, extremes prevail. 
Drainage areas, reservoir capacities, and spillway capacities must maxi- 
mum, while times results water supply will minimum. For 


example, since 1900 there have been two years when the run-off parts 
Discussion the paper Grunsky, Am. Soc. E., continued from December, 
1921, Proceedings. 
With Long Co., Oklahoma, Okla. 
Received the Secretary, December 6th, 1921. 
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Oklahoma, for sixteen months (including four months the contiguous 
years, each case), has been less than in., while the evaporation for 
the same period has been about feet. The writer discovered, the early 
Nineties, that annual evaporation ft., maximum evapora- 
tion in. per month, did not apply the case hot winds the Plains 
where evaporation was high in. per day, for days time. 

The author’s formula for annual run-off, which less than in., 
has always checked the writer’s computations (based actual measurements 
neighboring situated), within small fraction 1%, 
and those cases include the two extremely dry years previously mentioned. 
The writer, therefore, considers Mr. Grunsky’s simple and easily remembered 
run-off formula one the best tools his engineering collection, and 
believes that entitles the author least passing compliment. 


has collected and evolved formulas expressing relations between rainfall and 
run-off, which can made very useful. desired, however, 
connection with the examples presented Mr. Grunsky applications 
his Equation (25), namely, D,, 413 giving maximum stream 
flow from the intensity rainfall large drainage area, point out 
that this formula has its limitations. 

The author has given, examples, the drainage areas the American River 
above Folsom and the Sacramento River above Red Bluff. stated, the 
greater part the yearly precipitation the Pacific Slope occurs during 
the winter months. The average elevation the 1900 sq. miles the 
water-shed the American River, nearly ft. above sea level. There- 
fore, large part the precipitation will fall snow and will not run off 
once. The average elevation the 300 sq. miles the water-shed the 
Sacramento River about 4000 ft. above sea level, and large part the 
precipitation takes the form snow for similar reasons. The floods both 
these rivers occur for the most part the spring the year result 
melting snows. 

Assuming that the maximum rainfall in. hours should fall 
the form rain, the water-shed the American River the spring, 
there will added the run-off from such rain, the tremendous run-off from 
the melting the accumulated winter snows, the result being value far 
beyond the expectation the formula. the other hand, should this same 
precipitation occur during the winter, will retained largely the water- 
shed the form snow, and only small proportion the run-off, com- 
puted from the formula, will result. Such unreasonable results will also 
obtain from maximum rainfall in. days the water-shed the 
Sacramento River. 

would seem, therefore, that the application the formula 
beyond reasonable limit, and that will not apply such large 
water-sheds where the conditions affecting precipitation are variable. 


Engr., Quinton, Code and Hill, Los Angeles, Cal. 
Received the Secretary, December 7th, 
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Mr. Grunsky’s suggested method expanding short-period rainfall records, 
and although understood that special reference made California condi- 
tions, may worth while the theoretical results obtained the 
expansion with the rainfall some long-term stations New England, using 
still longer records other stations base. 

Goodnough, Am. Soe. E., Chief Engineer the Massachusetts 
State Board Health, has collected large number rainfall records New 
some which are follows: 


1818-1920 


Using the base time, the years, 1871 1920, inclusive, and the 
base stations, New Bedford and Boston, the rainfall was the 
limit each the other stations from one the other the base stations 
and sometimes from both; also, few cases, using one the sub-stations 
base, and the results these and the actual recorded rain- 
fall were plotted. 

The plotting the annual rainfall showed that, general, wet dry 
year the base was also wet dry year the sub-station, but the theoretical 
and actual quantities are often far from agreement. where the 
theoretical rainfall was from both bases, there also generally 
lack agreement between these figures. 

The mass curves showed that there may practical agreement for 
number years, but this agreement never follows throughout the entire period 
and happened, most cases, that the difference the wrong side, that 
is, less rain fell than the indicated probable. 

The maximum distance between stations about miles. the various 
stations, rainfall conditions differ, but the writer does not consider them 
dissimilar make unfair the theory include them the test. 
the application the theory confined much smaller areas than this, 
its value nullified. far these few cases indicate, distance within these 
limits does not seem factor, since the variation between the theoretical 
and actual Amherst, from Boston miles away, greater 
than Waltham, miles distant from Boston. 

This test the theory apparently indicates that, far New England 
records are concerned, reliance cannot placed this method expanding 
short-term records give even approximate estimates the precipitation for 


Dist. Plant Engr., Shipping Board, Baltimore, Md. 
Received the Secretary, December 15th, 1921. 
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the years not covered the record. view the general discordance the 
theoretical and actual rainfall lines, not much reliance can placed the 
maxima and minima; the contrary, one station the maximum 


and four stations the minimum estimated, was exceeded the actual 
rainfall. 


Am. Soc. (by writer feels that Mr. 
Grunsky’s paper, supplementing his earlier paper the same 
the greatest interest the Engineering Profession, particularly keeping 
before engineers the lack information available certain phases this 
subject. With the adoption the rational method determining run-off, 
great step was made advance this particular science. For its satisfactory 
application there are two fields which study still required, the first relat- 
ing intensities and duration rain, and the second the rates run-off. 

With the increasing number automatic rainfall gauges installed, knowl- 
edge the variations rainfall intensities, with respect the duration 
the rain, rapidly approaching satisfactory condition. The writer has 
made study number records for various localities, and although Mr. 
Grunsky’s parabolic formula variation does not appear conform closely 
general data, the writer believes that its use will valuable pre- 
liminary way districts where detailed studies are not available. agrees 
with the author that should never used where sufficient observed data 
are available permit satisfactory rainfall curve for the particular 
where such curves are available the same general district and 
under the same meteorological 

Another phase the rainfall studies which little information avail- 
able the intensity and area relationship, that is, determination the 
area over which single-station maximum records are applicable, the extent 
which they should reduced applying them large areas. num- 
ber cities, sufficient number automatic rainfall gauges are now located 
Louis, Mo., the analysis ten-year records from five gauges, and 
hoped that, another year, something value may available from this 

the matter percentages run-off, rates run-off for par- 
ticular intensities, the writer feels that little progress has been made. En- 
gineers are still dealing almost entirely with arbitrary values, or, few 
instances, with values based personal experiences. Published gaugings 
existing sewer districts are few, and many the records are faulty. Even 
where the records are unquestionable, the results for different storms vary 
widely that engineers have not yet been able make them conform definite 
theory. The writer has doubt that such records multiply, 
with all the information which may interest affecting run-off, some 
definite values will developed. 


Engr., Sewers and Paving, St. Louis, Mo. 
Received the Secretary, December 23d, 1921. 
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The studies the first three years gaugings St. Louis were rather 
discouraging, and the matter was laid aside for the accumulation further 
data. With records for ten years now available, again hoped that some 
law variation run-off will become discernible. These gaugings, like most 
those heretofore recorded, deal with the run-off mixed urban areas 
from 500 acres extent. The writer has long felt that the analysis 
these records would much simplified study the run-off small 
plots uniform character. effort secure such data, the run-off from 
single blocks being studied St. Louis, and also proposed, the 
near future, make study the run-off large roofs. complete this 
series, observations will made the run-off from small plots natural 
soil. 

The writer has been interested the results the study this character 
made the Miami Conservancy District and published Part its 
Technical Reports. These results give definite information the effect 
varying intensities rainfall run-off from natural soils the vicinity 
Dayton, Ohio. surprising note the capacity these soils for con- 
tinued absorption surface water and for passing this water through the 
underlying gravels. The measurements show clearly that, for the shallow top- 
soils and glacial gravels this part the United States, the percentage 
run-off will decrease with the decrease intensity, or, general, with the 
duration the storm. should evident, however, that this variation 
not applicable outside these particular soil conditions, and expected 
that, with the surface loams and plastic clays found generally south the 
Ohio and Missouri Rivers, saturation may expected comparatively 
short time, and that, most instances, the percentage run-off will increase 
with the duration the rain. 

The writer feels that this latter relation will also apply most urban 
areas, and that some variable factor run-off must introduced into the 
application the rational method, rather than values such the sug- 
gested Mr. Grunsky,* which are constants for any particular density 
population. 

There doubt that engineers must take account some way the 
reduction run-off due water storage the surface, and minor 
extent the conduits. Mr. Grunsky’s factor 0.645 apparently sec- 
ondary run-off coefficient allow for this effect. Ultimately, the propriety 
any constant value for this purpose may questionable. With the present 
knowledge the subject, however, Mr. Grunsky must commended for his 
effort take this into account. 

The writer feels that Mr. Grunsky’s Table unfortunate, that 
shows values extending far beyond the range which the author claims for his 
formula. would seem preferable have introduced only the lower part 
this table, dealing with times from days. The writer feels the 
more strongly this point because does not believe that the marked reduc- 
tion the values with increase time are justified for rains 


Proceedings, Am. Soc. E., September, 1921, 233. 
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less than day, and seriously questions whether, for these short times, the 
values should not increase somewhat the time increases. 

The writer’s experience with the application the rational method the 
design sewers St. Louis has led him the conclusion that the simple 
and direct use the method involves less work than the solution formulas 
the type presented Mr. Grunsky. would seem unfortunate have 
make preliminary studies the water-shed for the purpose determining 
the time flow, and drainage areas which would correspond fractions 
this time, when the ordinary use the rational method the solution 
each section the conduit provides all the data this type required for the 
succeeding section. appears that the use Mr. Grunsky’s formula will 
involve about twice the arithmetical work required the simple application 
the rational method. 
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THE RELATION BETWEEN DEFLECTIONS AND 
STRESSES ARCH DAMS 


Discussion* 


Am. Soc. (by letter).t—With regard the 
Barren Jack and the Salmon Creek Dams, the author raises the interesting 
question whether they can regarded fixed the base simply 
supported there. The bending moment the supposed vertical cantilever 
the crown, ft. thick, the weight the cantilever being neglected, has not 
been computed for either dam. has been computed for the Wooling Dam 
and, the base, for full water load, the bending moment§ is: 220900 
and for fall temperature 20° Fahr., 127 700 ft-lb. 

The Wooling Dam ft. high, vertical the reservoir side, 2.2 ft. thick 
the and 4.4 ft. thick and will supposed not rein- 


i 
forced. the usual formula, the unit tension the up-stream 


side the cantilever the base, due 475 lb. per sq. and that 
due combined, 708 lb. per sq. in. The weight the dam, 335 
lb., acts the line action cutting the base 0.49 ft. stteam from 
the center, gives compression lb. per sq. in. at: the up-stream side. 
Therefore, the total unit stress, due the bending moments and weight 
the dam, are: Water load and weight dam, 432 lb. per sq. in.; and water 
load, fall temperature 20° Fahr., and weight dam, 665 per sq. in. 
For either case, plain would crack and the dam could only 
regarded supported the base with resisting moment there. first, 
when the water sufficiently low and the temperature near the mean, the 
bending moments could resisted the base and the cantilever 


December, 1921, Proceedings. 
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fixed the base, with vertical generator. Should the water gradually rise, 
the temperature gradually fall, stage would reached which the tension 
the up-stream side the cantilever would exceed the limit for concrete 
tension (100 200 per sq. in.), and the concrete would crack. The crack- 
ing would continue the water rose the crest and the temperature fell 
20° Fahr., and the dam would change from the condition fixed the base, 
that simply supported the base, with bending moment there and 
with generator inclined down stream for reasons given later. Since 
the dimensions the Barren Jack Dam not differ greatly from those the 
Wooling Dam, the conditions the base are practically the same, the dam 
simply supported the base. 

The solution the Wooling Dam, not reinforced, regarded simply 
supported the base, with bending moment there, was given the 
writer,* using 7-place logarithms. the course the elimination, too few 
significant figures were left certain cases determine accurately the 
quantities, particularly the deflections depths from 29.3 ft. below the 
that account, the solution was using 8-place logarithms 
with more satisfactory results. The results are recorded Table which, 

radial deflection the crown; down stream stream 

tangential stress the horizontal arch; compression tension 

moment vertical cantilever, reckoned positive when the bending 

tends make the generators the upper cylindrical surface 
the axis. 


TABLE Dam, THE BASE. 


Rise TEMPERATURE 20° 


depth, 

crest. per foot unds per per foot pounds per 
inches. height. oot width, height. foot width. 
11.0 0.293 101 900 300 0.194 850 280 
18.3 0.221 + 89 700 — 59 400 — 0.136 -+ 17 490 + 17 080 


The graphs the quantities and are given Figs. and the first 
referring the water load, the second the rise temperature. The vertical 
line represents the face the dam with the up-stream side the 
right. The scale the M-curve Fig. greater than that the M-curve 


Fig. 
The curve for water load makes angle with the vertical the 
base, the tangent which 0.001396, the angle being 48”. 
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For the temperature curve, the corresponding angle 48”. The influence 
the weight the cantilever has not been included Table Also, 
since the base, there can vertical pressures the base due 
either water pressure temperature change. The inclinations the 
deflection curves the vertical the base are evidently due the difference 
the arch thrusts, and just above the base, corresponding different 
deflections. Thus, the base, and there displacement; whereas 
29.3, the compression for water load, 30566 lb. The consequent 
shortening the horizontal arch there gives displacement down stream. 

This the full and complete explanation the angles question for the 
Wooling Dam, and the writer believes that applies equally the Barren 
Jack and Salmon Creek Dams. ‘The case one shear (as the case 
torsion), which each horizontal arch infinitesimal height, slips over 
the one just below it. 

This reasoning does not explain the “knees” the deflection lines the 
Salmon Creek Dam, since for homogeneous dam, the deflections should con- 


tinue increase the top (Figs. and material was evidently not 
uniform quality there, and looks reasonable suppose weakening the 
cantilever and possible crack. 

Attention may the crossing the deflection curves May 25th 
and August 10th, 1909, the Barren Jack Dam. course, the first curve 
should lie entirely the right the second, the temperature lower 
13° Fahr. The explanation appears either that the observations were 
inexact, that the lower half the dam did not respond quickly the 
upper part the change air temperature. The reservoir was full both 
dates and the change deflection the crest was 0.58 0.52 in., 
0.00462 in. per degree. 

Compare this with the results for December 24th and December 26th, 1909, 
when, with the reservoir empty, there was fall temperature 30° Fahr. 
and deflection change 0.052 in., only 0.0017 in. per degree, less than 
half the preceding rate. should have been greater than the preceding rate, 
for many the arches were tension and doubtless cracks were evidence 


Curve 33.0 33.0 - 
Fic. 
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both the body the dam and the abutments, there was reinforce- 
ment. the two days, from December 24th December 26th, 
the time was not sufficient for the dam respond the change air tem- 
perature 30° Fahr. There was lag, and this should always considered 
for cases sudden changes temperature. 

fact, there will always lag, even with slow changes air tempera- 
ture; and, during such periods, observations the air thermometer should 
recorded daily order make reasonable estimate dam temperature 
certain date; otherwise, the observations may prove worthless for computing 
stresses from deflections. For the Barren Jack Dam evident that the 
observations are not full and precise enough give the results 
computation stresses for temperature changes only. For thick dams, the 
subject further complicated that the temperatures the body the dam 
vary considerably for the same date, although the analysis, leading definite 
formulas, has been based constant temperature for the whole body the 
dam given date. Then, again, all cases, the uncertainty the 
modulus elasticity the the dam, suggests caution stating 
final results. 

the derivation Equations (1) (9), the author substituted para- 
arch for the one, replaced the are length the span length, 
and, for the abutment, used the crown thrust for the tangential component. 
Such approximations may lead practical results for central angles from 
about 30°, for thin arches; but, for larger central angles, 180°, partic- 
ularly for thick arches, the results may greatly error. 

The writer has developed nearly exact theory “The Cireular Arch under 
Normal which omits only the influence shear deformation, 
which paper, for brevity, will hereafter referred with the formula 
table referred added. The notation given that paper will used 
throughout. comparison numerical results, for the same arch, the use 
the writer’s formulas and tables and the author’s computations, should 
prove instructive. that end, consider the observations the Salmon 
Creek Dam October 8th, 1914, and October 27th, 1915. Since the tem- 
peratures are not given, they necessarily will have assumed the 
same. The deflection Elevation 1115, 108 ft. above the base, 
8th, 1914, was zero, and October 27th, 1915, with the water reaching the 
crest, was which will attributed entirely the water load. 
Mr. Noetzli gives the following data: 2500000 144 000 Ib. 
per sq. ft.; 282 ft., ft., and ft. The central angle, conse- 
0.82 


0.0683 ft. the formulas, all dimensions are given feet. 

solving this formula for and substituting numerical values: 
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Therefore, 4080 lb. per sq. ft., and the water pressure the extrados 
the horizontal arch, ft. depth, is: 
282 


The moment the crown the horizontal arch, Elevation 1115, 
given the formula, 


913 per sq.ft. 


The coefficient, was computed, but the result, 0.152, was found the 
same that obtained from Table Substituting numerical values, 


corresponding compression the extrados and tension the intrados. 
The thrust, P,, the crown derived aid Equation (12), 


435 000 
Therefore, 
the well known formula: 
the unit stresses, pounds per square inch, the crown, where P,, 


M,, are found be: 


the extrados, 468 lb. per sq. in. (compression). 
the intrados, 126 lb. per sq. in. (compression). 
Mr. Noetzli’s figures are 461 and per sq. in., respectively. 

the abutment this horizontal circular arch (of ft. the tan- 
gential component the thrust, P,, and the moment, must computed 
from Equation (4) and Equation (3), Equation (13). 

the intrados, 656 lb. per sq. in. (compression) 
the extrados, lb. per sq. in. (tension) 


The author’s figures are, 645 and Ib. per sq. respectively. 


the crown, the center pressure 2.31 ft. from the center 


the crown joint, the extrados side. The center pressure then gradually 
the center line the arch ring, and crosses where 


The minus sign should have been given the writer’s paper previously mentioned. 
taken down stream, negative stream. 
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sin 

1 

the center pressure recedes from the center line the arch ring, gradually 


increasing its distance from it, until, the abutment, the maximum depar- 


4.39 ft., reached, the intrados side. 


1 
The author gives, page 277*, the dimensions for the highest arch the 
Salmon Creek Dam. The deflection 0.98 in. for full reservoir. Follow- 
ing the previous method, find, 
Ib. 
884 lb. sq. ft.; 850 per sq. ft. 
the extrados, 353 lb. per sq. in. (compression). 
the intrados, 311 per sq. in. (compression). 


ture from it, 


The author does not attempt estimate the part the water load carried 
this arch; therefore, final figures are given. 

These solutions the writer are complete, since they include the effects 
both bending moment and axial stress, that nothing has added for 
axial stress due water load. 

When the observed deflection arched dam, any point, due partly 
water load and partly temperature change, the solution more difficult. 
will that the value (pr) determined accurately, but that 
the moments and stresses can ascertained only approximately. The solu- 
tion based the reasoning given the writer previous 


leading the formula for deflection, 


which the Smith formula for deflection, due given, order, 
presently, compare numerical results. 
this case, 
tangential stress, for width, crown horizontal arch depth 
ft., due both water load and temperature change. When 
compression positive; when tension, negative. 
radius extrados 135 ft. for Wooling Dam). 
Fahr. 0.000 0055 (Smith). 
number degrees Fahrenheit change temperature above 
below assumed mean. For rise temperature, 
positive; for fall, negative. 


the tangential stress due water load, denominated and that due 
change, then always positive, but can positive negative. 
Also, since can positive negative, there are four cases, all which were 
carefully provided for the foregoing formula. Careful attention must 
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given the algebraic signs. When positive, indicates radial deflection 
down stream. 
Smith gives the modulus for the horizontal arch, 


will used this formula. For rise temperature 20° Fahr., 
substituting numerical values and multiplying reduce inches, 


which inches. For fall temperature 20° Fahr., change the sign 
0.178. and have the same values before, being feet, and 
pounds. 

Table Columns and are computed the foregoing formulas. The 
other columns are filled out from Table for the Wooling Dam, not fixed 
the base. For positive, the quantities for water load and temperature are 
algebraically added. Thus, the total deflection and thrust are due both 
causes. For negative, change the signs and under “Temperature 
changes”, and add algebraically the values and respectively, the 
third and fourth columns. 


TABLE 
LOAD AND 20° RISE LOAD AND 20° 
TEMPERATURE. TEMPERATURE. 
(1) (3) (4) (5) (6) (7) (8) 
18.3 3.42 0.085 107 190 0.096 0.357 72210 0.356 


the third decimal figure the values Table cannot relied 
on, the results for deflections (Columns and Columns and com- 
pare very well. Similar results follow from use the quantities pertaining 
the dam fixed the base. This should tend give confidence the formula 
for and its applications. 


more accurate formula for will now written, replacing the first 
2 
term for deflection, due and the last term by, 


ert, 
arch, which the normal unit pressure, due the combined water load and 


temperature change, positive when directed toward the center; otherwise, 


taken from Table 


) : 
; 
ye. 
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solving for find, 


all dimensions being feet. For water load and rise temperature, 
positive; for water load and fall temperature, negative. 

Some the results for the Barren Jack Dam will now examined. 
December 24th, 1908, with reservoir empty, the temperature was 87° Fahr.; 
and the deflection was zero. August 10th, 1909, with reservoir full, the 
temperature was 60° Fahr., and the deflection, point ft. above the base, 
was 0.86 in. this case, there was fall temperature 27° Fahr., thus 


0.36 


the point ft. above the base, the author gives: ft., ft., 


4ft.; whence, 58° 40’, 0.0513, and, therefore Table 1), 


1.65, for arch with “fixed ends”. 

Let 2500000 144 lb. per sq. ft.; 0.0000055; 
numerical values the formula, 

The deflections under the water load and fall temperature are both down 
stream, giving compression the extrados, tension the intrados, from 
bending moment the crown, which negative. 

From Table 

0.160 for water load; 

0.170 for temperature. 

deflection from water load, 
deflection from fall temperature. 
these are unknown, but the following relation true: 

The total moment the crown from both deflections, can written: 

terms order effect solution. Fortunately, the Barren Jack Dam 
and the Wooling Dam have nearly the same dimensions, and reference 
Table may inferred that the deflections for the Wooling Dam, from 
water load fall temperature, 27° Fahr., are nearly the same; that 
will assumed that the same relation holds for the Barren Jack Dam. 


*If, for much greater fall temperature, was estimated that then, since, 
the method any case. 
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substituting numerical values, 


146 200 


and the unit stresses the crown are, 


668 lb. per sq. in. (compression) the extrados; 
per sq. in. (tension) the intrados. 


The author derives, 
495 lb. per sy. in. (compression) the extrados 
242 lb. per sq. in. (tension) the intrados. 
another illustration the decided influence temperature change 
compare the deflection lines, Fig. for December 24th, 1908, and for May 
25th, 1909, point ft. above the base. The fall temperature 


40° Fahr.; and the deflection is, 0.82 in. Therefore, 40, 
and 0.0267 Following exactly the method used the last 


example, writing (0.160 0.170 0.167 the unit stresses are found 
be, the crown, 
460 lb. per sq. in. (compression) the extrados 
226 lb. per sq. in. (tension) the intrados. 


this case, the thrust and bending moment the crown are 300 lb. 
and 131600, respectively. The great decrease the thrust and 
smaller (numerical) decrease the bending moment, compared with pre- 
vious values, accounts for the great differences unit stresses. Note that 
the unit tension the intrados (226 lb. per sq. in.) much larger than the 
value (93 lb. per sq. in.), computed for the preceding case. 

The horizontal arch considered, was taken “fixed the ends”, order 
compare the results with those the author. Since this arch was only ft. 
thick, and not tied the ends with reinforcement, doubtless intermediate 
between arch “fixed” and hinged the ends; that, properly, the solu- 
tion should made for both cases, and intermediate values for the unit stresses 
written, depending the conditions the ends constructed. 

the confidence placed results, may noted that the theory 
for water load alone exact, but the theory the influence temperature 
changes approximate. first outlined Smith, Am. Soe. E.,* 
the latter theory open some objections; but, the best that has 
been proposed, this theory was adopted; particularly was believed that 
gave close approximations temperature stresses arched dams. There 


Transactions, Am. Soc. E., Voi. LXXXIII (1919-20), 2027. 
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another matter importance which affects the accuracy computed stresses 
from observed deflections, namely, the influence vertical cracks the 
masonry. Such cracks must close before arch action takes place, and there 
deflection during this closing when cantilever action alone exerted. 
The total observed deflection made the part due the closing the 
and the part corresponding the dam exerting both full arch and 
cantilever action. The formulas not take account the deflection due 
closing the cracks, and not completely the subsequent deflection, since 
the dam under action cantilever the beginning this later deflection. 
the total deflection used the formulas, the dam assumed 
without cracks any stage. was possible observe the deflection and 
temperature the time closing any then the subsequent deflection 
can regarded the value the formula, but must taken the 
difference between the temperatures (with the proper sign) the time 
closing the cracks and the time the final observation when the deflection 
greatest. the total deflection, including that corresponding the closing 
the vertical cracks, taken the value the formula, 


the value will always too great. fact, for quite large cracks, 
easy conceive the deflection due the closing the cracks being the 
greater part the total deflection, that (pr), computed, should have 
more than double its true value. course, computed, should prove 
greater than its value for full water pressure the base the dam, 
the absurd result would show once, either the influence wide cracks 
inexact observations. 

thus seen that the author’s analysis, addition the approximations 
introduced substituting flat are for the circular suffers 
from the lack precise method for estimating the part the water load sus- 
tained the arch. the crest the dam, never attempted. However, 
easy supply this omission, since can readily computed, already 
shown, either the use the author’s formula for deflection the writer’s 
more precise formulas for either fixed hinged ends. 

The arch thrust due rib-shortening alone given precise manner 
the author’s Equation (14), connection with Fig. Similarly, the author’s 
Equation (18), connection with Fig. gives precise estimate the thrust 
due temperature changes. Many the results Table expressed 


terms compared with those the author for temperature thrust 


and found agree very well, thus affording mutual check. must 
borne mind that such values pertain free arch and not 
include the influence the reactions the cantilevers. Both influences must 
included find the thrust for the arch regarded part the dam. 

conclusion, may stated that the author has done good service 
ing attention the importance proper interpretation the observations 
deflections curved dams. Such observations should made with extreme 
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care, they may misleading, remembering that minute changes deflec- 
tion correspond appreciable changes stresses. Further, daily observations 
the temperature the air should recorded, ang the times for observations 
deflections should periods when there not much change 
temperature. 


discussion the deflection curve the Salmon Creek Dam, the author 
states 

deflection tangent, approximatePy shown typical cantilever deflec- 
tion curve Fig. 2.” 

the writer showed§ discussing the author’s paper, “Gravity and 
Arch Action Curved Dams,” the deflection curve dam like the Salmon 
Creek Dam not vertical the base, but makes considerable angle with the 
vertical due the shear deformation. The author’s statement approximately 
true for ordinary beams, which the length the beam considerable com- 
pared with its height; when the length the beam considerably less than its 
height, the deflection due shear exceeds the deflection due bending, 
shown Table and Fig. 32, the writer’s discussion referred previously. 

The angle, the base the Salmon Creek Dam, the assumption 

that the dam acts cantilever, found from the writer’s Equation (45): 


tga 


This gives the base. The typical cantilever deflection 
curve, shown the author Fig. given the correct shape 
Fig. the writer’s discussion which reference has been made. 

The lower ft. the dam may considered rectangular section, 
the base being ft. and the height ft., shown Fig. The top 
this 28-ft. section has moved down stream in., and this accounted for 
the author cracks which claims have been produced the up-stream 
face the concrete and close bed-rock. then 

“Such cracks, course, will extend only for comparatively short distance 


into the dam body, and the water-tightness insured sufficiently the 
increased compression stresses near the down-stream side.” 


Designing Engr., San Joaquin Light and Power Corporation, Fresno, Cal. 
Received the Secretary, December 23d, 1921. 

Proceedings, Am. Soc. E., October, 1921, 274. 

Transactions, Am. Soc. E., Vol. LXXXIV (1921), 99. 

Transactions, Am. Soc. E., Vol. LXXXIV (1921), (Fig. 31). 

Proceedings, Am. Soc. E., October, 1921, 274. 
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the dam has developed cracks horizontal plane near the base, then 
the total deformation the concrete practically negligible and that means 
that the the up-stgeam face must be: 


this crack exists must extend practically through the dam, and seepage 
would most likely take place this point. The probability would favor 
one large crack instead several small cracks. 

account for the movement ft. above the base the dam, the 
author calculates that uniformly distributed load 20000000 would 
required, and, doing so, entirely neglects the shear deformation. The 
shear diagram triangle ft. high with 25400000 base and, 
therefore, 

and the deflection due shear alone is, 


The total deflection due shear and bending is, therefore, 1.19 in., 3.17 
times great the deflection the author. The load distribu- 
tion assumed Mr. Noetzli seems very improbable. The more proper load 
distribution would assume shearing force maximum ft. from 
the base and zero the base, that, 


This gives deflection 6.34 times great that computed Mr. Noetzli 
and, therefore, maximum stress 325 lb. per sq. in. instead the author’s 
400 per sq. in. This the assumption that the base fixed, which, 
the writer’s opinion, untenable. 

The author has evidently overlooked the most interesting point the 
deflection curve, that is, the knee Elevation 1075 This point 
deflected 0.625 in., while the point Elevation 1095 deflected only 0.540 in., 
0.085 in. less. the fact that the dam below Elevation 1075 not vertical 
taken into account, the relative 0.185 in. the ft. dam. 
The average thickness the dam this place approximately ft., that 
this deflection due bending with uniform load, the author assumes, 
there must exist the down-stream face, Elevation vertical tensile 
stress of: 


Using 2500000, the author docs, the writer obtains 400 000 Ib. instead 
the 20000000 Ib. and tension Ib. per sq. in., instead the 
600 Ib. per in. 
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which, 
2500000 per sq. in.; 
240 in.; and 
0.185 in. 


assumed, seems more logical, that the beam ft. long, fixed 
the ends, and loaded, and that the deflection the middle 
0.085 in., then, 

There should be, therefore, according the author’s theory, horizontal 
the down-stream face Elevation 1075. crack has been 
reported, the writer assumes that none exists. 

The fact that horizontal crack has developed the face 
Elevation 1075 affords excellent example the large deformation 
concrete dam can undergo, without producing cracks, and, spite the fact 
that tension about 750 per sq. in. should exist that point according 
the ordinary formula for bending. shows that the ordinary 
formulas are entirely inapplicable. 

view the fact that cracks have developed the visible down- 
stream face, there reason expect any cracks the up-stream face. 
very fortunate that Mr. Noetzli has applied his theory the Salmon 
Creek Dam, this affords means checking his analysis against known 
facts and shows that his assumptions cracks the up-stream face are 
not verified. 

Regarding the accuracy the deflection measurements, Jorgensen, 
Am. Soe. E.,* mentions the great difficulty measuring such deflections 
accurately near the base the dam, and any one familiar with such measure- 
ments will not fail realize this. 

The aim the author, determine stresses from deflections, far too 
ambitious undertaking with the present state knowledge. The method 
may yield valuable and approximate information the hands one who 
fully understands the limitations imposed the assumptions. unskillful 
hands, the method bound lead conclusions which cannot sub- 
stantiated and which are likely incorrect. 

the interest scientific precision, the writer would suggest that phrases 
such that used the author, for 


further proof that this dam has developed horizontal cracks the 
up-stream side shown the following calculations: *.” 


should not used, unless the dam known have cracked. expressed 
the author may misleading. 


summing up, the writer can better expressing his opinion 
the author’s paper “Gravity and Arch Action Curved Dams” 


Transactions, Am. Soc. E., Vol. (1919-20), 319. 
Proceedings, Am. Soc. E., 1921, 274. 
Transactions, Am. Soc. Vol. LXXXIV (1921), 121. 
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“The reason that the mathematical treatment the author carries 
conviction that, owing the complexity the problem, extremely 
incomplete and ignores numerous important elements which himself. 
makes able reference.” 


Mr. Noetzli’s enthusiasm and his able efforts solve difficult problem, 
prompts the writer add the discussion, the hope being helpful. 

The large amount capital spent projected water-control works 
the near future makes desirable that the study arch dams should 
continued, order that engineers may accept improved methods design 
soon possible. slightly better understanding the subject will 
save many thousands dollars. 

account the shrinkage concrete setting, and the variations 
volume with temperature, appears practically impossible design 
unreinforced arch dam, which the cantilever stresses will not excessive 
(at least from theoretical standpoint), unless the deflection allowed 
shrinkage largely eliminated grouting the cracks and construction joints 
closing narrow vertical openings the dam when the temperature 
slightly below the mean after shrinkage the main body concrete has taken 
place. 

The writer favors the latter method because, Mr. Noetzli has pointed out, 
the grouting poorly done, the dam injured uneven distribution 
compressive stresses and the introduction bending moments the arches. 
has also been pointed out that impossible know positively what 
extent joint crack has been filled with grout, and attention has been 
called the difficulty and uncertainty building high grouting pressure 
due the friction head grout flowing small cracks, and the difficulty 
forcing the crest stream due the leakage grout from the last seam 
filled when sufficient pressure applied move the crest. 

agreement has been reached the amount and importance rock 
deformation under and the abutments the dam. These deformations are 
classed different engineers from infinitesimal and negligible appreciable 
and consequence. appears that, unless deflection measurements are 
complete, covering practically the entire surface the dam, unknown rock 
deformation would introduce error into the determination stresses from 
deflections. 

complete analysis stresses made from deflection measurements, 
the existence non-existence cracks must ascertained, and existing 
cracks must located. 

Engineers not agree what extent the uncertain element the 
concrete the change the modulus elasticity with time may 
enter into the determination stresses from deflection measurements. 

Mr. Noetzli has already shownt that the ordinary type arch dam the 
upper horizontal arches carry greater load than imposed them directly 
water pressure, the additional load being transferred the upper zone 


Secretary, December 20th, 1921. 
Transactions, Am. Soc. E., Vol. LXXXIV (1921), 


Designing Engr., Skagit River Power, Seattle, Wash. 
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vertical beam action. has worked out method for determining approximately 
the distribution load between the vertical beams and the arches considering 
that the beams are supported throughout their length arches varying stiff- 
ness ability carry load. The writer confused the thought that, 
addition the foregoing assumption, seems necessary consider also that 
the arches are supported throughout their length cantilevers varying 
stiffness and that load may transmitted horizontally from region 
flexible cantilevers region stiff cantilevers portion the arch 
acting beam. other words, the cracks are closed and the dam acting 
whole, the deflection any single point the dam changes the stress 
every horizontal arch and every vertical beam the dam, which condition 
throws doubt the applicability the comparatively simple formula used 
Mr. Noetzli obtain the arch deflection. seems that the use this formula 
might introduce error some magnitude into the calculations for dam 
built irregular site. his evidently thorough study the problem, 
Mr. Noetzli has doubt covered this point. 


Arch resistance assumed. 
concentrated 
25 below crest 


to 


80 
90 
Seale 


appears the writer that, general, the arches the usual type dam 
have not uniform normal load, for the following reasons: 

upper arches are loaded (a) uniform normal load imposed 
directly the water pressure, plus (b) additional load imposed the 
vertical beams, which additional load greater near the crown than near the 
abutments. Mr. Noetzli’s calculations show that certain additional load 
exists. This additional load will probably greater quantity than his 
show, because rock deformation and because hydrostatic 
pressure under the dam. The effect these uncertain deformations and forces 
will increase the condition uneven loading the arches. 
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2.—Take zone near the middle the height the dam. The arches 
may carry certain part the load near the crown, which loading diminishes 
zero one goes along horizontal plane the side the canyon, which 
point all the load carried the cantilevers. 


illustrate this point approximate calculation has been made 
hypothetical dam which assumed have resistance cantilever, the 
water load being carried vertical beams supported the base the founda- 
tion and near the top arch horizontal plane, all the arch 
action being assumed concentrated one elevation. The site the 
usual U-shaped canyon, shown Fig. With this extreme assumption, 
the uneven loading the horizontal arch gives linear arch maximum 
curvature the deepest part the canyon, the curvature decreasing 
almost straight line the abutments. The three circular ares occupy 
closely the position the somewhat irregular linear arch. 

The true condition actual dam must such that the center line 
pressure resulting from the loading the horizontal arch slices will some- 
where between circle and the hypothetical extreme shown Fig. 

appears the writer that deviation from the exact circular form, fol- 
lowing closely practicable the true line pressure the elastic arch 
determined studies existing structures, will effect economy material 
because reduction bending moments the horizontal arches, without 
necessarily increasing the unit stresses now considered proper. 

Such deviation from the circular form concentrates larger portion the 
total curvature the deeper part the canyon, and, few sites, might make 
economically advisable substitute conical surfaces for the warped surfaces 
the constant-angle arch. 

test miniature dams covering this point would extremely interesting 
and would probably develop some worth while data. 
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Discussion* 


Assoc. Am. Soc. (by letter).t—The author has 
presented interesting and valuable paper important subject. 
seems possess unusual degree the happy faculty the born mathemati- 
cian presenting complicated and highly mathematical subject such 
manner make readable and, therefore, doubly valuable. Even cursory 
reading the paper affords understanding the assumptions made therein, 
the analytical methods used, and the methods given for using the formulas. 

Equations (12) and (13) are general formulas and, therefore, should apply 
for any value the radius, matter fact, when approaches infinity, 
and the central angle approaches zero, the two formulas give the correct 
bending moments for straight beam fixed both ends and loaded uniformly 
with lb. per sq. ft. From Equations (12) and (10) have, writing 
place ¢,: 


the width the canyon ft., then: 


sin 


since half the central angle. Also, 
and for small values the angle, 


Discussion the paper William Cain, Am. Soc. E., continued from December, 
1921, Proceedings. 
Designing Engr., San Joaquin Light and Power Corporation, Fresno, Cal. 
Received the Secretary, December 14th, 1921. 
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For angle 60°, the error Equation (21) less than per cent. 
Introducing Equations (20) and (21) the equation for and dividing 

L? 
and this the equation for the bending moment the center straight 
beam fixed the ends and loaded uniformly with lb. per sq. ft. 

Likewise, Equation (13) for the moment the abutments becomes, after 

introducing Equations (20) and (21) and dividing 


which the formula for the bending moment the end straight beam 
loaded uniformly with per sq. ft. 

Equations (22) and (23) may used for computing the moments for any 
angle likely occur dam design. already pointed out, Equation (21) 
correct within for central angles 120 degrees. For small values 
the central angle, Equations (22) and give nearly exact values. 

From Equations (22) and (23), the relative values the bending moments 
can more readily seen than from the original equations. evident that 
the bending moment the abutment always considerably larger than that 
the crown, but increases this difference decreases. The statement* that 
“In fixed arch, the bending moments the arch abutments resulting from 
the thrust, are twice large the crown,” seen incorrect; for 
example, for central angle about 120°, that is, nearly one, the bending 
moment the abutment less than 1.5 times the moment the crown, and 
for larger values the central angle this further reduced. may also 
noted, that Equation (14) for the shear may obtained from Equation (18). 
differentiation, the case for straight beam. 

Equation (15) which gives the deflection the crown for arch fixed 
the abutments, was also checked substituting Equations (20) and (21), 
dividing and setting when Equation (15) becomes: 

which the deflection the center straight beam fixed the ends and 
loaded uniformly with lb. per sq. ft. 


Deflection 


and Stresses Arch Dams’’, Noetzli, Assoc. Am. Soe. E., 
Proceedings, Am. Soc. E., October, 1921, 266. 
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doubt the same result can found from the formulas given for the 
hinged arch; the writer does not believe that the assumption hinged arch 
ever satisfied dams, although the assumption fixed ends certainly is, 
whenever excessive tension found the abutments the formulas for 
fixed arches. 

The author assumes constant modulus elasticity and neglects the 
deformation due shear and the influence the water soaking the up- 
stream face. thin arch, this should not lead any appreciable error and, 
the writer’s opinion, the long, slender arches near the top dam are those 
most difficult design properly, since little assistance afforded from canti- 
lever action. When tensile stresses are found the abutments, and when 
the central angle large, say, 120° thereabouts, the spreading the founda- 
tion must negligible, especially the total force the abutment small 
for thin arch, and seems the writer that, this case, the assumption 
fixed ends agrees very closely with the actual conditions. With the nearly 
exact formulas the author, possible determine the stresses the top 
the dam instead relying the Rankine formula and using low stresses 
the computations order take care the uneven distribution stresses 
through the section. 

facilitate calculations, the writer has plotted the author’s Table 
Fig. This was done plotting semi-logarithmic paper the values 


for the various angles, one curve for each value and then inter- 
0 
polating. illustrate the formulas with thin arch, suppose 0.02 and 


40°, and let 864 per sq. ft., ft. and, therefore, ft. 
The Rankine formula gives: 


000 per sq. ft. 300 per sq. in. 
The author’s formulas give: 
864 


the crown: 
Extrados 440 per sq. in. (compression) 


Intrados 108 lb. per sq. in. (compression) 
the abutment: 

Extrados per sq. in. (tension) 

Intrados 607 lb. per sq. in. (compression) 


For arch with the same thickness and radius and the same loading, except 
that 180°, 
864 
600 


Therefore, practically, P,, the bending moments are practically zero, and 
the Rankine formula applies very nearly. 
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example from actual dam, may consider the Kerckhoff Dam.* 
This constant-angle arch dam, approximately 110 ft. high, with Taintor 
gates, ft. high, top. Elevation 970, with water standing ft. above 
the top the Taintor gates: 


ft.; 
ft.; 
205 ft.; 
200 ft.; 
0.0494 

122° 


The author’s formulas for arch fixed the abutments give: 


Therefore, the crown: 


Extrados 257 lb. per sq. in. (compression) 
Intrados 191 per sq. in. (compression) 


and, the abutments: 


Extrados 156.5 lb. per sq. in. (compression) 
Intrados per sq. in. (compression) 


The Rankine formula gives 225 per sq. in. The maximum shear exists 
the abutment; the author’s Equation (14), and assuming parabolic 
distribution through the cross-section, only per sq. in., and the de- 
formation due shear, would seem, would certainly negligible. 

Elevation 900: 

ft.; 
289 ft.; 
157.7 ft.; 


2p, 82° 
This gives 

Therefore, the crown: 
Extrados 357. lb. per (compression) 
Intrados per sq. in. (tension) 

Extrados 246 lb. per sq. in. (tension) 

Intrados 568 lb. per sq. in. (compression) 


article, and Construction Features the Kerckhoff Dam”, 
Engineering and Contracting, June 8th, 1921, 565. 
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The Rankine formula gives 225 lb. per sq. in. Computing the shear the 
abutment before, find the maximum shear equals 83.3 lb. per sq. in. 
Although the maximum compression has about doubled, the shear, this case, 
forty times great previously stated. 

worth noting this connection that the water load gives moments 
opposite signs the moments due rise temperature (see the author’s 
Figs. and 4). 

temperature increase Fahr. for the Kerckhoff Dam, Elevation 
900 and with 144 3000000; 0.0000055, gives: 


128 000 lb. 30.7 per sq. in. 


and, since for any angle, 
there obtained for the temperature stresses alone: 

the crown: 

Extrados 47.3 lb. per sq. in. (tension) 
Intrados 108.7 lb. per sq. in. (compression) 
the abutments: 
Extrados 172 lb. per sq. in. (compression) 
Intrados 126 lb. per sq. in. (tension) 
Combining the water loading due ft. head with the loading due 
temperature rise Fahr.: 

the crown: 

Extrados 310 lb. per sq. in. (compression) 

Intrados per sq. in. (compression) 

the abutments: 

Extrados per sq. in. (tension) 

Intrados 442 per sq. in. (compression) 
quite evident, therefore, that grouting the dam under pressure closing 
near the end the coldest season, suggested Jorgensen,* 
Am. Soc. E., must beneficial. comparatively large increase the 
compressive stresses not matter great importance, and the method 
evidently makes possible reduce the undesirable tensile stresses. 

That the influence shear will much greater with thick arches than 
with thin arches with the same central angle may seen comparing the 
shear the two examples given the 

the first example: 

0.25 
which pounds per square foot, and parabolic distribution the 
shear assumed, then 


Arch Action Arch Dams”, Transactions, Am. Soc. E., Vol. 
(1919-20), 316. 


Proceedings, Am. Soc. E., October, 1921, 291. 
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which pounds per square foot, and, therefore, 
290 
Therefore, the shear certainly negligible compared with the normal stresses. 
From the second example, have: 
and since ft., 
0.0223 
which pounds per square foot, and the shear 
0.0071 
which pounds per square foot, and, therefore, 
3.14. 

the first example, the maximum shear about one-third the 
normal stress, while the latter case, the shear about one-third the 
normal stress, relatively speaking, nearly one hundred times greater than 
the first example. 

assumed the same both cases, but the second case 
ten times great the first case, because ten times greater, then the 
maximum shear the two cases is: 


0.071 
the second the shear stresses are eighty-two times greater than the 
first case. 
would seem, therefore, that for thick arches, when the central angle not 


too small, the author’s Equation (5) should include the elastic work for 


shear. This is:* 


or, for rectangular section unit width, since, 


Also, the thick arch, there more likelihood considerable difference 
temperature between the up-stream and down-stream faces, and the assump- 
tion constant modulus elasticity much more questionable, because 
the difference between the stresses the up-stream and down-stream faces 
considerable and much greater than the case with thin arches. Finally, 
actual dams, the thick arches are near the base and considerably affected 
cantilever action and the weight the concrete above. 

the example the Kerckhoff Dam, the tension the up-stream face 
the abutment, Elevation 900, would 246 per in., assumed that 


Bach, und Third Edition, 349. 
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the arch sustains the entire water pressure. The arch would fail therefore 
was loaded assumed; but account taken the shear deformation and 
the variability the modulus elasticity,* different result would 
obtained, and this arch would probably require load several times greater 
than the assumed load before would fail. 

The author’s Equation (15) gives the deformation the crown for arch 
fixed the abutment. From this formula, should able estimate the 
deflection free arch. For thin arches, the formula should give correct 
values, that is, values which agree with the modulus elasticity the material 
the arch. For thick arches, the writer believes the correspondence would 
much smaller for the reasons previously given. illustration very large 
deformations concrete dam which has not produced cracks, the Salmon 
Creek might mentioned. Elevation 1075, there very decided 
knee the deflection curve, and this would require vertical tensile stress 
per sq. in., the deformation accounted for deflection due 
bending under the influence uniformly distributed load. spite 
this, have been reported the down-stream face, and not likely, 
therefore, that any exists. The assumption generally made, that the deflec- 
tion due bending alone, not correct.t The deflection due shear 
likely several times greater than the deflection due bending, that 
the tensile stress, when correctly computed, would be, perhaps, one-third the 
value previously given. this stress really existed, would not fail produce 
cracks, and therefore may serve excellent illustration the great 
circumspection necessary when concluding, from the measured deflections, 
the magnitude and nature the stresses large concrete arch. 

should also borne mind that the deflection which occurs the first 


time the dam loaded not elastic deformation, expressed Messrs. 
Eddy and 


“Tnitial loading, however, certain develop noticeable deviations from 
perfect elasticity because shrinkage stresses developed the hardening 
the cast few repetitions loading largely eliminates such devia- 
tions, that the theory work and the elastic theory deformation becomes 
applicable and proves practical and precise method treatment.” 


this should added the influence the internal heating due the 
setting curing the cement and also the influence lateral stresses which 
large concrete dam cannot altogether negligible. 

The author has solved important problem dam design exact and 


sufficient manner, and his solution will great help engineers who have 
design large arch dams. 


See the writer’s discussion “Gravity and Arch Action Curved 
Noetzli, Assoc. Am. E., Transactions, Am. Soc. E., Vol. LXXXIV (1921), 95. 
Proceedings, Am. Soc. E., October, 1921, 275, Fig. 


Transactions, Am. Soc. E., Vol. LXXXIV (1921), 99, especially Fig. 32. 
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REVIEW IMPORTANT DEVELOPMENTS 
THE SCIENCE CADASTRAL RESURVEYS 
EXECUTED THE UNITED STATES GOVERNMENT, 
WITH ETHICAL DISCUSSION THEREOF 


Discussion* 


the author did not include his paper description greater detail the 
latest methods making original cadastral surveys well resurveys. The 
writer’s experience leads him believe that all survey work the General 
Land Office since the contract system was discontinued, has been well done 
methods which may accepted models for other surveyors. 

The writer particularly interested the references the methods for 
determining true azimuth. The desirability reporting true bearings should 
impressed every engineer who has long lines run for cadastral sur- 
veys, boundaries, railroads, highways, for public works any kind. Too 
many such surveys have been based magnetic bearings, with clue 
the amount the local variation the needle; oversight which produces 
much confusion and uncertainty when retracements are required. engi- 
neers could made realize how easy determine true azimuth 
observations the sun Polaris, more them would use such methods. 
reasonably clear weather, Polaris can seen any hour the day with 
good transit télescope. 

find Polaris broad daylight, three things are essential: 


1.—The telescope must accurately focused. The proper focus can 
found observing the star night and marking the draw tube 
for future reference. 

star’s apparent altitude must known within about min. are, 
which ean found from tables. The Geological Survey will send such 
table free, request. 


This discussion (of the paper Howard Richards Farnsworth, Assoc. Am. Soc. 
E., published November, 1921, Proceedings, but not presented any meeting the 
Society), printed Proceedings, order that the views expressed may brought before 
all members for further discussion. 

Topographic Engr., Geological Survey, Washington, 

Received the Secretary, December 8th, 1921. 
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3.—The true bearing Polaris the time observation must known 
within less than half degree. 

The angular distance Polaris from the true pole for any hour angle 
may found from tables published the Geological Survey, and the 
approximate direction true north may computed from previous deter- 
mination azimuth obtained magnetic needle, proper allowance being 
made for declination. 

With the telescope properly focused, set off the computed altitude the 
star the vertical and turn the telescope its estimated bearing. 
the star not seen once, turning the telescope the right left fraction 
degree without changing the altitude angle will usually bring into 
view the weather favorable. 

For general use the method described the author for observations the 
sun can simplified somewhat without appreciable loss accuracy. 

railroad highway surveys, not necessary observe the sun 
directly through colored glass, nor any prism other special attachment 
required, but the sun’s image focused piece paper held in. from 
the eyepiece the transit, can bisected with error less than min. 
are. The image cross-wires shows plainly when the telescope 
focus. 

When observations the sun are made rapidly, the mean the times and 
the angles measured can used for the computation. The time may 
min. error without appreciably affecting the results. 

Observations Polaris for azimuth are somewhat more accurate than 
those taken the sun, but they cannot taken during the day, better 
use the sun. 


structive exhibit the survey methods the General Land Office, but the 
methods are not all the title implies. page 
stated that all the temporary corners trial meander are moved the 
same direction and through distances proportional their distances from the 
point beginning, measured along the meander lines. That statement 
approximates the probable truth, only the meander approximates straight 

The author assumes that the method similar that discussed 
Leonard Smith, Am. Soe. E., 1912,§ which logical, although 
long, and gives different result that the temporary corners are not moved 
along parallel lines, nor through distances proportioned the Land Office 
rule, given the author. 

generation ago, similar problem was presented News 
and some other paper simultaneously, and the Profession was 
find that few the many replies were correct. Nearly all followed the rule 
exhibited the author, calculated done balancing closed traverse. 
few used the same method Mr. Smith, but the prize winner attained 

Los Angeles, Cal. 

Received the Secretary, December 12th, 1921 
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the same results shorter course, showing that all the temporary corners 
are moved directions making constant angles with straight lines 
diagonals drawn from the point beginning them, and distances 
proportional the lengths those 
diagonals. 

The reasoning, remembered, was 
that, the absence evidence the 
contrary, the field work both surveys 
had assumed correct determi- 
nations deflections and applications 
chains, and therefore, the be- 
tween the point attained the trial lines 
and the existing original corner 
attributed entirely difference 
orientation, difference chain lengths, 

Suppose the surveyor assumes me- 
ridian and begins known point, 
Fig. 18. Following the recorded courses and distances, runs his trial line 
through near which finds the original corner, and notes 
its course and distance according his own survey, from then deter- 
mines observation, calculation, plotting, the directions and distances 
and from according his own survey. 

not Line his survey must revolved about until is, 
the rotation being the angle, that process, and traverse 
ares B’, D’, and The arcs being equal angular measure, their 
chords, BB’, CC’, are proportioned the radii, AB, AC, and make 
equal angles with them. 

the point, after revolving, not coincident with his chaining 
must altered until does coincide, the factor applied being the ratio 
AE. that process, which all lines are lengthened, short- 
ened the case may be, B’, D’, and traverse Lines C”, 
ete., and these lines being proportional the radii which 
they alter. 

has now been observed that the triangles, ete., the 
angles B’, are equal, and that the adjacent sides are proportional, 
each side being the corresponding side another are the radii 
diagonals from them. The triangles, therefore, are similar. Hence, 
Lines along which the temporary corners are moved 
the required change orientation and chain length one 
operation, are themselves proportional the diagonals from and make 
equal angles with them. 

the author’s rule was applied, the temporary corners would 
moved the points marked small circles, thus requiring that some lines 
revolved the left and others the right, and that some lengthened 

and the remainder shortened. hardly seems possible that such erratic pro- 
cedure, clearly explained, would sanctioned any Court. 


- 
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Discussion* 


Am. Soc. (by the first time 
there presented before the Society rational precis column action, unfor- 
tunately, mathematical physicist, using the word, unfortunately, the 
sense that the language speaks foreign most his readers. The 
importance the subject, well the matter presented, justifies 
attempt annotate the contents the paper, both matter criticism and 
matter elucidation readers interested column theory. 

Fundamentally, the author classifies all column action into three, more 
less characteristic, actions: The true buckling—where flexure the principal 
action—the author terms “astatic equilibrium”; where distortion directly 
proportional the load, the short column, ordinary transverse 
flexure, the related equilibrium termed equilibrium”; and 
mixed condition containing both types equilibrium termed “heterostatic 


Summarized briefly other terms: Orthostatic, which 


less than which lies between and 300; and astatic, 


which greater than 300. The values are, course, very approxi- 


mate, but are those generally used distinguish the column types. 

Taking the work presented the author the logical order devel- 
opment, the basis the analysis the energy function, the resilience factors 
found stressed column thin rod, the case may be. The develop- 
ment the work equations may have been predicated the energy function 
Lord Kelvin, with probably more facility comprehension engineering 


This discussion (of the paper Westergaard, Esq., published November, 
1921, Proceedings, but not presented any meeting the Society), printed Proceed- 
ings, order that the views expressed may brought before all members for further 
discussion. 

Section Engr., Public Service Comm., First Dist., New York City. 

Received the Secretary, December ist, 1921. 
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readers, but the methods used are undoubtedly better and are the basis 
the most modern research mathematical elasticity. 

The voluminous data presented forming the equations may neces- 
sary from the standpoint mathematical physicist—as far establishing 
the requisite requirements rigor—but they are confusing the engineer. 
Briefly, the configuration the curve columns, slender rods, thin 
plates, plane curved, determined set parameters, ete. 
the shape the elastic curve given expression, sin a2, then, 
any variation the parameter, affects the amplitude but not its 
phase, exhibiting one character the parameter. 

The equations for work are known engineers the form Castigliano’s 
theorems—the theory least work and its corollaries following from the 
well known principle least action D’Alembert. Although his theorem 
should apply essentially conservative systems*, yet the results may 
extended systems which are not conservative. systems probably 
may regarded such. 

The final useful form the parameter, given Formula (74), follows 
from the minimum property, and the “effect” which may here termed the 
moment, built terms Formula (74), obtaining the author’s funda- 
mental equation. The form given Formula (125) involves the introduc- 
tion primary eccentricities and, the author points out, the basis 
most existing formulas. 

Proceeding from Formula (74), the formulas Table and those 
Formulas (7) (10), are established. This should noted, however. For- 
mula (13) predicated very small displacements. The exact expression 
takes the form: 

where the modular cosine, elliptic function, and characterizes the 
phenomena grouped under the general term, elastica. For small values, 


becomes cosine, and the sine form previously noted. The 


form, given, does not lend itself development the Fourier series. The 
higher forms buckling given the larger values imply necessarily 
finite displacements, that the trigonometric series would serious error. 
The modular functions with the values adjusted have the periods 
fixed the values gives the more correct forms the elastica. How- 
ever, the coefficients the Fourier series form rapidly converging series, 
the Higher terms play réle the analysis, and the equations presented give 
substantially reliable results. 

one concedes that possible give rational column formulas 
cover so-called heterostatic action, the author has completely covered the field 
column formulation. The writer will endeavor show that not feasible 
establish formula which will rationally exhibit column action, but that, 
nevertheless, mode procedure does exist, which permits rational mode 
column design. 


See, for example, Byerly, “Generalized 
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may well this point review briefly previous attempts analyze 
column action and see what results have been obtained. 

Euler pointed out 1778 that vertical columns not break under vertical 
loads mere crushing, but that flexure the column will found pre- 
cede rupture. proceeded develop the equations which determine the 
maximum load hold column given deflection. Lagrange expressed 
the limiting load equations similar fashion. Robinson* points out that 
experimental research fails check Euler and Lagrange. discussing the 
results Hodgkinson’s tests, Pearson suggests that there may some value 
the Eulerian hypothesis when properly modified include the 
effect compression. interesting note here that the analysis Prof. 
Westergaard shows that when compression allowed the form the 
equations heterostatie action are not changed. 

notes that certain ratio length diameter, the 
maximum load ought from the formula: 


where the greatest stretch that can given without passing the elastic 
limit; the area the section; and Poisson’s ratio; the ratio denoted 
the paper. Beyond this ratio, the maximum load given the 
Euler expression. noted that these expressions seem reconcile the 
Euler theory with the existing experimental data. 

Rankine proposed the expression bearing his name. states that this 
expression was first suggested Tredgold and afterward revived Gordon 
who determined the values the constant from Hodgkinson’s experiments. 

very theoretical study the action slender rods given Clebsch 

his “Theory Elasticity.” The equation the elastic curve the rod 
determined from the solution the differential equation: 
the angle which the tangent the curve any point distance, from 
the terminus makes with any fixed direction. The solution this equation 
involves the functions. exhaustive analysis this curve, cover- 
ing all the higher systems stability—the higher criteria equi- 
librium—has been given Love, Treatise the Mathe- 
matical Theory Elasticity,” which interesting analogy 
analogy) with the motion pendulum illustrated. The question the 
elastie stability systems also discussed the text, but, the rods are 
slender ones, the treatment practically that Euler. 

The introduction the linear law the late Johnson, Am. 
Soe. E., and the parabolic expression the late Johnson, Am. 


*“A System Mechanical 1805. 
Proceedings, Am. Soc. E., November, 1921, 505. 


sur Flexion Annales des Travaux Publics Belgique, IV, 
1-46 (1846). 


we 
4 | 


106 DISCUSSION BUCKLING ELASTIC STRUCTURES 


E., need not discussed here, except possibly quote excerpt 
from the paper Mr. Johnson*, follows: 

“Before closing this article, will well revert the older formulas 
and the reasons why they fail give satisfactory results Gordon 
fell into error, not only from paucity experiments his command, but 
also following Tredgold’s assumption that certain portion the area 
required resist flexure. Under this assumption the modulus com- 
pression would remain factor the equation for all length ratios, but 


with diminishing influence, becoming zero only when becomes infinite: 
whereas now appears that the modulus compression ceases factor 


Johnson has hinted possible solution the column theory using 
the energy developed working basis. This, noted, has been accom- 
plished Professor Westergaard his paper, utilizing the results modern 
research, given the attached Bibliography (Part VII). 

The rapid column theories and their vague connection with the 
increasing volume test statistics made necessary draw distinction 
between the column theory and that practice. Not sharp clearly 
defined distinction, but one sufficient limit the theory and still provide 
opening for adjustment. William Cain, Am. Soe. E., defines this 
theoretic column the “ideal column”, and proceeds effect its theoretic 
study.t definition the ideal column is: “prismatic homogeneous col- 
umns, having the applied one end, the direction the axis 
line through the centers gravity the cross-sections.” 

points out vital fact the analysis the column carried out 
Euler and one which has not been clearly enunciated before, namely, that 
Euler’s formula gives the load which bending just begins. this connec- 
tion, Mr. Lilley, earnest and brilliant student the column, both 
mathematical and engineering problem, has demonstrated that Euler’s 
formula considers bending only and ignores the effect the direct load 
compressive force the transverse This, course, quite clear 
from analysis the expressions given Professor Westergaard’s paper. 

Amplifying the theory the ideal column, Anson Marston, Am. Soc. 
E., has extended the analysis cover the load known eccen- 
tricity, obtaining the so-called secant expression for the stress. 

The converse problem the “practical column” has been 
Moncrieff, Am. Soc. Intricate expressions were obtained which 
Professor Cain reduced the standard secant form. 

The results experiments are always somewhat There 
are, course, numerous uncertain elements which influence the strength 


“On the Strength Columns”, Transactions, Am. Soc. E., Vol. (1886), 517 


New for the Strength Am. Soc. E., Vol. 
XXVII (1892), 69. 


“Theory the Ideal Column”, Transactions, Am. Soc. E., Vol. XXXIX (1898) 
96. 


Engineering, July 2d, 1909. 
Transactions, Am. Soc. E., Vol. XLV (1901), 334. 
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column, such type form, details, processes manufacture, fabrication, 
ete., all which may not nature. The influence any 
all these elements may obviated wise selection forms; but this 
rarely possible. tests bring with them new problems solved 
further experimentation. The ideal function tests supply certain 
physical constants, which, when substituted formulas mathematically 
derived, determine once the strength factors given type column. 
Practically, tests fall far short performing this function and are usually 
applied determining the usable stresses column given material and 
proportions. This restricted field for tests, but the present time they 
have not justified their extension broader fields. 

The late Boller, Am. Soe. E., added discouraging note: “In 
opinion formula will ever give satisfactory results, and dependence must 
placed upon experimental charts.” 

seen that not much progress has been made the development 
column formulas and this paper may well taken last word the 
attempt formulate column action. this point, one may well ask “Is 
rational column formula possible?” 

Briefly, column engineering structure subjected compressive 
foree determinate character and flexure absolutely indeterminate and 
unpredictive with any mathematical certainty. This, course, refers col- 
umns presumably axially loaded. The introduction flexural stresses occurs 
manner which can only form matter conjecture. The piece may 
not straight due fabrication, shipping, erection methods. The loading 
may not applied the geometric axis the column due the manner 
the other details the structure which the column forms 
member. The column may detailed that the individual shapes 
the column entity not act unit, that the distortions under load are 
not uniform (this not confused with action equilibrium) 
may heavily rolled shape the metal which does not possess uni- 
form elastic properties. 

cases, where there transverse load, where known 
moments are introduced the column ends, possible predict the flexure 
with reasonable accuracy. For the present, the standard column type—an 
independent structural unit—is under discussion. Tests serve general pur- 
pose giving column action, but like theory itself, they must 
interpreted with clear apperception the physical improbability defining 
column action rigorously. 

Emphasizing the fact that despite elaborate analysis, there way 
determining the flexure moment what may termed simple heterostatic 
action, that is, transverse loading, seems inevitable that one must answer 
the leading question, “Is rational column formula the negative. 
Since some method analysis necessary, the proper mode procedure 
would seem be, find out under what conditions, referring, course, 
unique the value the moment, can made determinate. 

Stated slightly different language, the problem for each individual case 
examined seems learn just what the true position the applied 
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load. This eccentricity would lead the selection the proper formula, 
given Professor Westergaard, some the simplifications now 
vogue. Again, number cases, possible determine just what 
moment introduced into the column its adjoining members. such 
moment calculable, the moment used the general formula. 

The column usually treated separate and distinct unit taking its 
load, presumably axial, but other stress, from its neighboring units. This 
the ideal, but far from the actual, condition. Every structural member. 
whether beam, column, only connecting detail, part system 
framework, and through the distortion the frame various types 
loading that the several members, comprising the frame, are stressed. 
study the frame itself, therefore, may possible make determinate 
the factor, the column formula. few examples may illustrate the 
possibilities this mode analysis. 

The simple bent, shown Fig. 15, 
common type construction, and 
usually the girder assumed rest 
lightly the column, that is, de- 
signed simple beam with free sup- 
ports. the other hand, the designer 
may purposely introduce such details 
will fix the corner, making rigid, thus 
transferring moment into both the 
column and the girder. possible, 
course, that the actual case such de- 
tails will used will develop joint 
intermediate between the free and the 
fixed ones, the designer assuming 
simply supported beam and column taking moment from the joint. 

important note that the joint, simple connection, places 
restraint the deflection the girder and the girder must throw sub- 
stantial, not the entire, portion its load the inner edge the column. 
One may safely assume that the entire load will thus placed. The eccen- 
tricity the load thus measurable and can determined. Assign arith- 
metical values the members shown Fig. 15. The value the moment 
185 0.48 ft-kips. Following the method ordinarily used and obtaining 
the permissible stress from the building code formula New York City, 


the allowable unit stress per sq. in., which the area and 
ratio the column just satisfy. Using the formula: 


and taking allowable stress for kips per sq. in., and with the other 
functions the section noted the diagram, solving for there 
found value ft-kips., only half the moment determined from the 
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location method. Although true that one may say that the 
entire concentration the load the column edge only matter 
conjecture, possible and, more emphatically, probable condition and 
gives calculable premise which vital point rational and consistent 
design. 

Take alternative condition: The joint made fixed one, thus bring- 
ing the girder reaction concentric with column section. Assume that the 
girder loaded, shown Fig. 15, with single concentration its mid- 
point. Computing the moments from Bulletin No. University 
“Analysis Statistically Indeterminate Structures the Slope Deflection 
Method,” Messrs. Wilson, Richart, and Weiss, the assumption that the 
detail fixing the joint dimensioned that reinforces the column section 
point ft. below the girder, found that the column section must 
such carry moment 160 ft-kips. Clearly, not enough merely 
joint fixed. must made so, and the column must designed 
meet the moment. the other hand, detail introduced which, 
effect, fixes the connection, care must taken see that the column can 
safely take the moment induced. The writer aware that this question 
amply covered most treatises secondary stresses, but quite doubtful 
whether, ordinary structural design simple frames, the effect the 
joint properly examined. matter comment, however, seems safe 
say, that, this case, also, possible compute value and 
that resort column formula unnecessary. 

Several other cases might mentioned, such building columns, framing 
between girders, viaduct columns, and columns which are subjected defi- 
nite transverse load, such subway columns and the like. Many more types 
will undoubtedly occur the reader. sufficient say that, engineering 
practice, the majority cases, possible find moment 
the column member. 

The column formula predicated uncertain flexure, while has 
been noted that possible observe the moment which the ordinary 
column subjected. seems, therefore, rational method design 
make provision for the stresses which can directly computed, using such 
permissible unit stresses tests short compression blocks exhibit, tension 
tests, since these give about the same result the compression tests. may 
objected that this method design ignores the true column action induced 
the accidents fabrication erection. This objection, although valid 
one, may applied all structural units. correct analysis has been used 
developing section fit into given structure, with proper provision 
for flexure, where such flexure can calculated, the accidental stresses must 
assumed taken care the factor safety. 

This method demands high degree alertness the part the de- 
signer. The deformations the entire structure which the column forms 
only one unit must carefully studied. The standard column formula 
blanket allowance for all such uncertain loadings. The rational method 
suggested gives the designer such royal path simple design. 
postulate good engineering design that the details should fully develop the 
structural members which they interconnect. The converse this may now 
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well emphasized. Structural members should designed carry safely 
the stresses which the details bring them. often this not done. 
There too much child-like faith “axial loads”, “free supports”, 
true that monumental structures correct apperception the conditions 
had, and the details and the main sections are designed with consistency 
but this not structures every-day design. Joints are made fixed 
heavy details secure rigid structure, while the individual members are 
treated separate and distinct units. 

Two conditions may form exception the suggested method design. 
Cases may occur where, far thorough study can determine, column 
axially loaded with outside induced flexure. Since this the type 
column which usually tested, may safe say that column formulas 
predicated tests similar formed columns are rational ones use. The 
results Professor Westergaard’s investigations indicate that the Rankine 
expression well founded*. this connection, may not amiss state 
that series tests framework would give more profitable results than 
tests columns alone. 

The second exception important one. Throughout the analysis 
the author’s paper, and engineering design general, the metal as- 
sumed have uniform elastic properties. The heavy rolled sections not 
possess such uniformity, and low ultimate and low useful limit points are 
found columns assembled with heavy shapes. The use metal this 
character will give section low average resistance comparison with 
section the same area but composed lighter shapes. For this con- 
dition, study the report the Special Committee Steel Columns and 
will indicate just what should used the way safe stresses. This 
exception, where there way calculating flexural stress, merely affects 
the total permissible stress, the proper formula used way being 
affected the fact that the ultimate stress lower than that found for thin 
rolled sections. 

One may say conclusion that, although does not seem possible dis- 
cover rational column formula, rational method column design does 
exist, but that more detailed study the structure required than 
ordinarily given. This objection, however, cannot considered libel against 
the method suggested. the choosing column section, only half the 
problem solved. The column details are vital, possibly more vital than the 
selection the section members, disastrous failures have indicated. 
rational mode design permits rational mode detailing. well-knit 
consistently designed and detailed column contains far greater factor 
safety, even though the accidental stresses usually attributable 
column action have been neglected, than the column designed accordance 
with some the numerous formulas, with the vague rule-of-thumb methods 
proportioning the details. 


*See, also, Review Column Formulas for Bridge Engineering 
Record, March 10th, 1921, 431, etc. The suggested formula is: 
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Am. Soc. E.—The papers and discussions 
stream pollution and sewage disposal have been particular interest the 
speaker since, Syracuse, these problems have been studied for some time 
for the purpose improving the sanitary conditions the watercourses 
throughout the city, and Onondaga Lake into which these streams discharge. 

The intercepting sewer system, which construction was started some 
years ago, practically completed. The watercourses which required deepen- 
ing order permit interception sewage from the lateral sewers without 
admitting backwater from the streams, have been improved and lined with 
concrete insure permanency. 

Both tanks and fine screens the types described Mr. and 
Mr. well many other processes, have been considered methods 
sewage treatment Syracuse. 

The sewage testing station, which several types settling tanks, 
filters, activated sludge units, grit-chambers, etc., were operated, furnished 
many data pertinent value. These data together with those secured 
regarding sludgé disposal, the volume, fluctuation flow, and character the 
sewage, well the character and condition the water the streams and 
lake, were great assistance reaching conclusions regarding the method 
treatment best suited the local conditions. 

The method treatment adopted includes degritting, coarse screening, 
and plain sedimentation tanks equipped for continuous frequent re- 
moval sludge. The sludge pumped about two miles the lagoons 
the Solvay Process Company and after intimate mixture with the waste 
liquors, will precipitated and buried the lime banks. These waste 


Continued from December, 1921, Proceedings. 
Chf. Engr., Intercepting Sewer Board, Syracuse, 
Proceedings, Am. Soc. E., December, 1921, pp. 618 and 625. 
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liquors are germicidal and are sufficient volume disinfect thoroughly 
more than four times the quantity sewage sludge which will produced. 
The solids deposited from the industrial wastes are thirty forty times 
greater volume than the sludge solids, which insures complete and effective 
burial. This method sludge disposal unique and precludes the possi- 
bility creating objectionable conditions the vicinity the lagoons, the 
treatment plant, Onondaga Lake. 

Before submitting the proposed method treatment the State Depart- 
ment Health for approval (the approval has now been given), Harrison 
Eddy, Am. E., was asked review the studies and conclusions 
and make such further investigations deemed necessary enable him 
report and recommend the method treatment best suited the sewage 
recommendations. 

connection with the work the testing station, investigation was 
made determine the relative effect detention period and velocity 
flow the deposition suspended solids. The detention period was found 
the controlling factor and velocities flow within the limits 
the experiments, which ranged between and 150 ft. per hour, had 
effect the clarification removal matter carried suspension. 

The percentage removal dependent large extent the strength 
the crude sewage, and this should kept mind when comparing 
interpreting the results treatment different sewages. The term, “per- 
centage removal,” too frequently used without due consideration the 
strength the crude sewage. 

removal 60% ‘was obtained hour with Syracuse sewage which 
contains average about 270 parts suspended solids per million. The 
contributing factor the attainment this high efficiency, with the com- 
paratively short detention period, was the frequent removal the sludge, 
precluding septic action. 


Am. Soc. E.—With reference the remarks 
Mr. the speaker was asked, about years ago, report the European 
systems for the National Board Health, largely with reference 
obtaining information regarding the separate system. Only two such systems 
were found Europe, and these were for the Cities Oxford and Reading 
England. Continental engineers did not believe the exclusion rain 
sewers, much the grounds stated Mr. Eddy. England, 
some discouragement was felt even the officials the two cities men- 
tioned, one whom stated that there was trouble preventing the discharge 
rain water into sewer pipes, and also the surreptitious discharge sewage 
into the storm drains. The City Engineer Oxford, Mr. White, stated 
that had over again, would use the combined system which 
was common most other European cities. 

his report, the speaker discriminated between these two systems 
with special reference their application the United States. was found 


Cons. Engr., Montclair, 
Proceedings, Am. Soc. E., December, 1921, 645. 
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proper place these systems par. The application the separate system 
has large possibilities the United States, compared with Europe, and 
engineers should not recommend the combined system indiscriminately for 
all cities. Many communities could not afford the expense the combined 
system and were satisfied start with system for sewage removal alone, 
with great benefit their comfort and health. New Orleans, La., com- 
plete double system was recommended the outset, was found more 
economical than the combined system, because cost less pump the small 
volume sewage into the Mississippi River even high water, and let the 
large quantity water from the heavy rainfalls flow the other direction 
into Lake Pontchartrain ocean level. 

The speaker would recommend the separate system for many the cities 
this country, particularly the smaller ones, for sanitary reasons, for other- 
wise they might not have any sewers until they could pay for the combined 
system. 

Having studied the question stream pollution and sewage treatment for 
about years, the speaker wishes express his satisfaction with the excellent 
papers presented this subject. They show the great progress which has been 
made, and hopes that the next years the progress will continue 
the same rate. 

About years ago, the speaker was asked study the Chicago sewage 
problem which had developed into very serious situation. The question 
was whether discharge the sewage into Lake Michigan, purify land, 
discharge into the Illinois River. that time, little was known about 
bacteria. fact, the first knowledge about bacteria relation sewage 
was acquired about the time the Chicago studies were being made. The 
available information, however, was not sufficient aid the solution 
the problem. 

the United States, only the chemical analysis sewage was generally 
reported, which itself not satisfactory. The speaker felt that the dilution 
question disposal was important one consider for Chicago, not only 
account possible lake disposal, but chiefly for the proposed channel 
which was carry the diluted sewage the Mississippi River. Information 
was available from few places Europe, particularly Paris, Hamburg, 
Dresden, Magdeburg, and large number cities England. The best 
information, however, was from the work done the Blackstone River 
Massachusetts, and the Desplaines River, into which the Chicago sewage 
was discharged, which information determined how much sewage could 
put running water without becoming objectionable. 

All this information from Europe, Massachusetts, and Illinois was then 
plotted. was astonishing note the correspondence these different data, 
and the indication from all them that dilution from cu. ft. 
water per sec. per 1000 people appeared satisfactory. 

result this investigation was recommended for Chicago that 
there should introduced into the Drainage Canal about cu. ft. water per 
sec. per people sewering into the Canal. The speaker felt that was not 
making mistake expenditure $30 000 000 have this 
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channel built large enough effect the dilution mentioned. view the 
slower velocity water the Chicago River and, consequently, the settlement 
suspended sewage matter, frequent removal dredging was stipulated. 


Pennsylvania has almost good Sanitary Law Wisconsin; but, unfortu- 
nately, Wisconsin has not sufficient funds for the execution its law. The 
abuse sewers problem which cannot over-emphasized. practically 
all States the custom for the State boards health require the 
separate systems. Wisconsin there has been operation for years 
system plumbing inspection. This system was inaugurated before the 
Bureau Sanitary Engineering was established about two years ago. 

Fortunately, Wisconsin, the State Plumbing Inspector very competent; 
fact, can almost qualify engineer. The Department has certain 
number State inspectors, and all the plumbers the State are required 
secure State licenses. Through this organization complete system has been 
built up, and the situation fairly well under control. 

Mr. was right when stated that the people want results stream 
pollution rather than continued investigation the extent the pollution. 

The Chairman the Conservation Commission the State Wis- 
consin stated recently that National meeting the representatives 
the different conservation commissions the States, that 
legislation enacted prohibiting the discharge polluting wastes into the 
streams—one those suggestions for radical legislation. 

The problem industrial wastes has only been touched on, and very definite 
steps should taken toward abating the existing polluted conditions. 
seems the speaker that possibly some the funds expended investigating 
existing conditions, the extent the pollution, might well used for 
devising ways and means eliminating partly eliminating, least, some 
the most critical conditions with reference pollution. 


Am. Soc. E.—The speaker concurs the state- 
ments, made Mr. regarding the necessity disposing properly 
the residual sludge from disposal plants. Experience has shown that the 
usual disposal sludge primarily the cause adverse criticism from 
laymen and the public large. 

Atlanta, Ga., was the first large city the United States construct 
sewage treatment plant using tanks for digesting sludge. The 
city now has three plants with capacities 000 000, 000 000, and 000 000 
gal. daily, respectively. The largest plant subject some the abuses 
and troubles caused the misuse sewers, and, addition, its capacity 
overtaxed. The dumping the sludge low areas surrounding this 
plant has tended create nuisance and invite litigation against the city. 


State San. Engr., State Board Health, Madison, Wis. 
Proceedings, Am. Soc. E., December, 1921, 628. 

Ibid, 647. 

Cons. Engr., Atlanta, Ga. 

Proceedings, Am. Soc. E., December, 1921, 635. 
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The speaker desires express his appreciation the opportunity hear- 
ing the short, but interesting discussions “Stream Pollution and Sewage 


Disposal.” 


the chief causes stream pollution, has customary associate the. 
terms “stream pollution” and “sewage although they are antithical 
meaning. All organic wastes, whether not human origin, industrial 
wastes, and the waste waters mines, are the important contributing factors 
the pollution streams, lakes, and other natural bodies water. 

The introduction water-carriage sewerage systems has greatly intensi- 
fied the pollution such bodies water. For many years was the universal 
practice discharge both storm water and sewage into natural wa- 
tercourses, rivers, lakes, harbors. result this, these bodies wa- 
ter, the vicinity large centers population, became greatly polluted, and, 
some instances, very foul. Small streams have become polluted 
nothing less than open sewers. Such practice longer justified, 
effective methods for the treatment sewage and industrial wastes are now 
available. Notwithstanding the progress that has been made the art 
treating such wastes, writers treatises sewage disposal devote much space 
discussions “disposal dilution.” This term synonymous with 
“stream pollution.” long sanitary engineers sanction the practice 
loading streams with organic wastes the limit toleration,” little progress 
will made the elimination stream pollution. There great need for 
reform this matter. 

Engineers and sanitarians should start movement for clean streams. 
Undoubtedly, will difficult task educate the public appreciate the 
higher standard and its advantages. The trend now seems favorable, although 
not positive should be. The educational work should along three 
important lines: public health, industrial, and economic. 

essential that streams and lakes protected against pollution, 
the future, all large water supplies are, must be, derived from sur- 
face sources. There will increasing demand for larger supplies, due 
higher per capita rates consumption, especially the cities and towns 
more populous. consequence, some the streams which are 
now becoming more and more polluted sewage and industrial wastes will 
ultimately required for water supply and industrial purposes. With this 
condition and the trend engineering opinion becoming more 
averse the use “reconstructed” water for domestic supplies, not 
difficult see that the time coming when the treatment sewage and in- 
dustrial wastes will become practically universal the United States. 

Some the States have adopted effective laws for the protection streams 
pollution. The State boards health and other organizations having 
administrative authority carry out these laws, should aided the 
Engineering Profession every possible way. 


Capt., Quartermaster Corps, A., Washington, 
Received the Secretary, January 3d, 1922. 
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Although there are several effective methods now use for the treatment 
sewage, the results are not all cases satisfactory. The need for 
standardization practice, both the design and the methods operation 
plants. Advancement this work, like that many other fields, must 
made largely perfecting details existing processes methods. Owing 
the nature the problem, extremely improbable that any process will 
discovered, which will revolutionize the art. 

Modern sewage disposal plants are not only “sewage treatment” plants, 
but can operated reality “sewage purification” plants, using 
the term, purification, relative sense, cannot used the absolute, 
even water purification. 

generally understood to-day, sewage treatment accomplishes three ob- 
jects: The removal suspended matter, the reduction that matter 
stable condition, and the oxidation organic matter carried solution. 
Treatment plants, therefore, should designed secure these results 
the most satisfactory manner and the least cost. 

Sewage tanks now use are highly efficient the removal suspended 
matter. not only possible remove practically all settleable matter, but 
also large percentage the colloids. 

The oxidation organic matter solution the clarified liquid can 
accomplished either filters further tank treatment using the “ac- 
tivated sludge” principle. 

the non-settleable suspended organic matter (colloids) sewage 
factor considerable importance, amounting much 30% the 
total matter suspension, important that large quantity this matter 
removed tank treatment before the secondary, oxidation, process 
begun. Plain sedimentation, obviously, not effective the precipitation 
colloidal matter. necessary, therefore, treating sewage containing 
large percentage matter this form, use type tank which -the 
processes bacterial coagulation and sedimentation may carried out most 
completely. These are Nature’s processes clarification. good illustration 
the advantages this method treatment over plain sedimentation may 
the clarification laundry wastes. Plain sedimentation alone has 
appreciable effect lessening the turbidity the liquid. Such wastes 
may left quiescent condition for days without showing evidences 
clarification. the other hand, laundry wastes may very effectually 
clarified passage through tank which the biological processes are well 
established and conditions are favorable the precipitation the flocculated 
matter. These wastes may constitute 75%, even more, the total sewage 
without deleterious effects the effluent, suitable range detention 
periods maintained. 
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Norcross,t Am. Soc. E.—In the broad field mechanical 
filtration, several types filters which might have been referred to, have 
not been mentioned Mr. Whipple his namely, the drifting 
sand filters which are operated Toronto, Ont., Canada, and filters the 
pressure type, which are used Atlanta, Ga. The filters Toronto are 
operated successfully capacity about 40% higher than the usual gravity 
type. Atlanta, there located the largest filter plant the pressure 
type the United States. has rated capacity 3000000 gal. the old 
Hyatt type and 18000000 gal. daily the Continental Jewel pressure 
type. These filters are operated gravity filters under about ft. head, 
and during the season peak demand, have operated successfully 100% 
overload. This discussion not brief favor this type filter plant, 
but indicates its flexibility. the present time, Atlanta doubling its 
filter capacity, the program contemplating 21000000 gal. daily the open 
gravity filter type. 

speaking filtration Mr. referred the character water 
treated. the eastern seaboard the Appalachian and Blue Ridge 
Mountains, there are two main classes water considered. The 
larger the two classes are surface streams which carry heavy turbid red clays, 
and are located principally above the coastal plain. Below the coastal plain and 
adjacent tide-waters, the usual plan securing municipal water supply 
from deep wells. Pensacola and Jacksonville, Fla., Savannah, Ga., and 
others are using water this character successfully. 


Continued from December, 1921, Proceedings. 

Cons. Engr., Atlanta, Ga. 

Proceedings, Am. Soc. E., December, 1921, 654. 
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Little trouble experienced the proper coagulation water the 
Appalachian and Blue Ridge sections, for during the greater part the 
time there sufficient alkalinity. The main difficulty during certain seasons 
when there lack alkalinity which must provided artificially. 
his comments, Mr. Weston* has mentioned Wilmington, rather 
interesting sidelight the water supply Wilmington developed during 
the last summer. This city draws its water supply from the east fork 
the Cape Fear River, the flow which much less than that the western 
branch, the confluence the two occurring Wilmington. the 
recent drought, the tidal water backed beyond the intake the city plant 
such extent that the supply contained approximately 1200 parts per 
million sodium chloride. 

The speaker was impressed the comments Mr. regarding 
the decrease typhoid rates. However, commenting water supplies 
different municipalities, results should compared with reference the 
type water treated. comparison typhoid rates between cities the 
same size, different parts the United States, not complete without all 
the information the type and character water used. 


Assoc. Am. E.—It has been said that 
coagulation basins which have storage period few minutes, are adequate 
and preferable. has also been said that the point, indicated 
value the required hydrogen-ion concentration necessary 
for the best coagulation. statements evidently come from experience 
with waters which coagulate rapidly and best hydrogen-ion concentration 
Experience with other waters, however, has proven that long 
periods coagulation and different values are sometimes required for 
good coagulation. 

For many years, coagulation has been conducted with acceptable degree 
success, with the aid standard methods determining alkalinity and 
color titration with methyl orange and comparison with color standards. 
Now, the new hydrogen-ion test has been developed. new test and will 
give much interesting information, but will not give once standard 
hydrogen-ion concentration which all waters may adjusted, obtain 
the best coagulation. 

There are waters which the nature solids, particularly organic colloids, 
varies from hour hour and from season season, notably waters which 
are polluted with industrial wastes and sewage. These waters not contain 
constant percentage given organic matter, and the colloids may vary 
their electrical properties and degree adsorption for the added coagulant. 
these essential, with present understanding chemical 
treatment, have balance wheel the process, equalize the effect 
variations the nature these colloids, and large basins are useful this 
connection. One particular plant, where there storage days for the 
coagulation period, producing effluent much better than was possible 


Proceedings, Am. Soc. E., December, 1921, 670. 
Ibid, 667. 
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obtain former years with storage period for coagulation hours; 
fact, now possible take the water from the river with color which 
sometimes about 150, dose it, let pass through this basin, and after passing 
the basin, give secondary dose small quantity alum, and obtain 
color zero, after filtration. interesting note that the start, before 
any alum added, this water has value less than Before floc 
which considerably below the so-called neutrality point 
evident, therefore, that there not definite value for 
all waters, which may used determine the required alum dose. The re- 
quired value will vary, depending the kind and condition colloids 
present the water. 

Colloid chemistry has suggested certain ideas which can applied water 
treatment. The physical action colloids may used remove them with- 
out the aid chemicals. This has been demonstrated recently treating 
well water containing considerable quantity iron the ferrous state, 
which converted into the state aeration, and simply passed upward 
through definite bed depth gravel. The iron colloids which are 
small that they will pass through filter paper and will not removed 
appreciable quantities storage for many hours, are absorbed the surfaces 
the gravel stones. The bed graded from 4-in. gravel the bottom 4-in. 
gravel the surface, and the depth the bed ft. iron reduction from 
parts per million down trace, with almost complete removal col- 
loids, The adsorption the precipitated iron the wetted gravel 
surfaces and the greater adsorption the iron the surfaces the 
precipitated iron, are responsible for this almost complete removal iron from 
the water. Physical play the major part the purification. 

must borne mind that each new idea simply provides another tool 
with which work, and that not solution the problems which engi- 
neers have hand. The determination the value may help fix 
the nature the colloids particular water, which would step toward 
working out for that water definite method treatment, but method 
applicable one water will not apply all waters, even water different 
locations the same stream with intervening pollution from sewage 
industrial wastes. 


plant wastes the taste and odor chlorinated waters interesting, espe- 
cially since this condition has been live question the City Milwaukee 
for some time. the fall 1918, before the speaker took the work with the 
State Board Health, exceedingly objectionable tastes and odors prevailed 
the water supplied the citizens Milwaukee. fact, has been authenti- 
cally stated that these conditions were severe make the use foods 
cooked the water objectionable. The taste was ordinarily described 
medical taste, and did not resemble the taste waters treated with excess 
chlorine. Furthermore, the tastes and odors occurred infrequent intervals, 


State San. Engr., State Board Health, Madison, Wis.. 
Proceedings, Am. Soc. E., December, 1921, 662. 
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not continuously, and the quantity chlorine applied appeared have little, 
any, effect the production the objectionable conditions. 

extensive investigation was conducted, largely the chemists the 
Water Department and the City Health Department, which consisted the col- 
lection samples water from the rivers and harbors Milwaukee, and also 
different industrial wastes. These samples were treated with excess 
which later was driven off boiling, and the test was made 
tasting smelling the samples thus treated. was determined this way 
that the taste-producing properties were confined exclusively those wastes 
from industries producing coal-tar derivatives; other wastes seemed have 
effect. was further determined that phenol was the most objectionable 
substance producing these conditions. The investigators claimed that 
their method testing, previously mentioned, the presence phenol 
solution, great part 500000000, could detected. that time 
(1918), the State Board Health and the Governor Wisconsin were con- 
sulted. Numerous hearings were held, and finally testing samples collected 
from Lake Michigan, the source the trouble was traced directly Govern- 
ment phenol plant Carrollville, about miles from the Milwaukee intake. 
The matter was taken with the Government and, the fall 1918, this 
plant was closed. 

was thought that the closing the Carrollville plant had eliminated the 
objectionable conditions; but slight the odor was noticed De- 
cember, 1919, and again March April, 1920. This latter condition was more 
severe than that December, and the State Board Health was again called 
consultation. that time, the plant Carrollville was operating 
entirely different basis, and was discharging phenol wastes into the Lake. 
was apparent, therefore, that the source the pollution was elsewhere. The 
previous investigation, however, had failed show the taste-producing quality 
any the samples collected the harbor the rivers. was apparent, 
therefore, that the evidence was not conclusive against the two three 
plants Milwaukee known produce wastes which were apt cause the 
objectionable conditions. rather complete investigation, therefore, was out- 
lined and undertaken. Thousands samples were collected from the rivers 
and harbor, and tested. 

Three rivers enter the harbor Milwaukee, namely, the Milwaukee from 
the north, the Menomonie from the east, and the from the south. 
The Milwaukee Coke and Gas Company discharges its wastes into slip 
tributary the Kinnickinnie River and the Milwaukee Gas Light Company 
directly into the Menomonie River. The Milwaukee River and the Kin- 
River are flushed tunnels from the lakes; the Menomonie River, 
however, not flushed. 

the testing samples, was soon learned that there was only occa- 
sionally taste-producing qualities the samples collected from the harbor 
outlet. continuing the tests the stream, the Milwaukee River was 
eliminated factor, but rather intense concentration was found the 
Menomonie River—coming from the east—particularly just below the 
Milwaukee Gas Light Plant. one two occasions the taste-producing 
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quality was observed the water the mouth the Kinnickinnic River, and, 
few occasions, the harbor outlet. careful study the relation 
wind conditions with reference the taste the water supply indicated 
quite conclusively that the conditions necessary cause tastes were west 
wind, followed almost immediately southwest wind. Certain intensity and 
duration the wind was also necessary. Furthermore, was learned that 
samples collected from the harbor outlet showed taste test only during 
westerly winds. was concluded, therefore, that the conditions causing taste 
and odor the Milwaukee water supply were: First, the accumulation 
wastes from the Milwaukee Gas Light Company the Menomonie River 
and from the Milwaukee Coke and Gas Company the slip tributary 
the Kinnickinnie River; and, second, west winds carrying the accumu- 
lated pollution out the harbor, followed southwestern winds carrying 
the pollution the water intake. 

The solution suggested was provide for the continuous discharge 
the wastes, thus prohibiting the intermittent discharges caused changing 
winds. The wastes from the Milwaukee Gas Light plant, therefore, were 
pumped into sewer discharging directly into the Milwaukee River, which 
sewer flushed daily. The slip which receives the waste from the Milwaukee 
Coke and Gas Company was dammed and pipe back the dam 
for distance about ft., provide for the gradual discharge the 
waste from this slip. These changes were made about year ago, and there 
has been recurrence the objectionable conditions. 

The situation Milwaukee has been extremely serious. has been 
serious and such publicity has been given the city’s experience that much 
difficulty has been encountered securing the installation chlorine plants 
for the treatment public water supplies the State Wisconsin. Some 
citizens Milwaukee wished the chlorine discontinued although the neces- 
sity this treatment was clearly demonstrated occurrence 1916. 
One night, employee the Water Department shut off the chlorine with- 
out the knowledge the Superintendent Water-Works, the Health 
Department, and the apparatus was shut down for about eight hours. There 
followed, during the next few days, between 50000 and cases gastro- 
intestinal trouble, and within the next few weeks between 400 and 500 cases 
typhoid fever with between and deaths—very conclusive evidence 
what chlorine doing for the water supply Milwaukee. 

One more point regarding the effect which this condition may have over 
the United States. the fall 1919, the State Board Health started 
movement Sheboygan secure chlorination its public water supply. The 
sewage from the city discharged into Lake Michigan without treatment, 
and the water the city taken from the Lake untreated. The typhoid death 
rate for Sheboygan was about five times that the State whole, and 
about three times that Milwaukee. Serious opposition developed the city, 
however, the installation chlorination, and was only after the Depart- 
ment Health issued definite order and that such installation 
was secured. 
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treating the reduction the typhoid fever death rate, has been interesting 
the speaker, but one two points mentioned him should further 
amplified, especially one familiar with health problems the Southern 
States. 

Health workers the Southern States, and particularly those the 
Southeastern States, are not greatly concerned with the problems water- 
borne typhoid infection they are with infection from other sources. These 
States may roughly classed rural comparison with the thickly settled 
Northeastern States the total area which some eases far less than the 
area many smaller counties the Southern States. greater part the 
southern regions municipal water supplies are taken principally from deep 
ground sources and, therefore, the chance water-borne typhoid infection 
considerably lessened. all Southern States where soil-pollution activities 
have been conducted, the reduction typhoid death rates has been clearly re- 
flected those areas. Therefore, the typhoid problem the Southern States 
largely one rural sanitation, this time. these States become more 
thickly settled, however, and ground-water supplies become depleted de- 
preciated quality and are replaced surface waters, typhoid will become 
more water problem. 

Professor Winslow has reproduced some interesting figures showing reduc- 
tions typhoid mortality rates the registration area they were originally, 
and, also, they are now constituted. His remarks inferred that the recent 
admittance the registration area States having lower sanitary standard 
was reflected the lessening typhoid reduction the present area, com- 
pared with that the original States. Unquestionably, the admittance 
many Southern States into the registration area has had effect the 
rates, but, even so, one point deserves attention. Since 1910, fourteen States 
have been admitted the registration area for deaths; these, eight are 
Southern States, which health activities are receiving more attention than 
ever before. 

examination the typhoid mortality rates issued the Bureau 
Census indicates that, during the period 1900 1910, the typhoid death rate 
declined 13.3 points, and, from 1911 1919, 10.5 points. During the latter 
period eight Southern States were admitted the registration area. 

Health work the South becoming more and more active, fact which 
verified examination the results accomplished. stated 
previously, the typhoid problem the South largely one rural sanitation, 
yet great strides are being made the this infection. 

Florida, for instance, the typhoid mortality rate was 27.8 
1919; and 14.3 1920, which indicates steady decline. The rate for 1921 
will show increase which has been source some apprehension those 
studying it, but since the speaker has discussed the problem with workers from 
other States, the seriousness somewhat diminishes, because many States will 
experience high typhoid rate this year; fact, representative one 
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the largest Northern States has stated that felt the typhoid mortality 
his State would almost return the figure. 

There still final point which should referred to, namely, the fact that 
much the typhoid tourist State, such Florida, imported from else- 
where; other words, Florida charged with undue typhoid mortality. 
During 1920, seven typhoid deaths were non-residents. 


few years ago, discussing the diminishing 
typhoid rate, the speaker cast about for figure which attained might entitle 
city State placed typhoid honor roll. The figure decided was 
for city and for whole State. The rate has fallen much since then 
that, its summary typhoid fever deaths 1920, cities the United 
States having more than 100000 population, the Journal the American 
Medical Association March 26th, 1921, sets the typhoid honor roll mark 
deaths less, per 100 000 population. With that low rate (taking into account 
correction later issue) cities appear the roll, while cities had 
typhoid death rates less per 100000. That striking contrast with 
the rate per 100000 mentioned Mr. that generally used 
some years ago discussing the extent which typhoid should reduced 
order clear city the charge that the disease was due the water 
supply. the typhoid rate approaches per population, cities less 
than that size have zero rate now and then or, perhaps, for several years 
succession. The latter has been true Montclair, J., city about 000 
population, where there has not been death from typhoid for the past four 
five years. Notwithstanding this absence typhoid Montclair, there has 
been much local agitation over the character the water supply, although 
filtered and chlorinated. This shows what may expected many com- 
munities: Low typhoid none all, and yet more popular agitation over the 
water supply then when the typhoid rate was 20, 50, even more. 

With typhoid largely reduced, there seems chance uncovering 
exposing other areas trouble—some the more less mysterious intestinal 
disturbances. Whether these are due public water supplies interesting 
and important question which needs extensive and intensive investigation. The 
time seems have passed when, progressive city which utilizing the 
engineering and other technical knowledge now available, there need great 
concern over typhoid, far water supplies go, provided only that the 
cities live the knowledge which extant, both the design and con- 
struction water-works and their operation and general practices well. 

Since this agitation regard water supplies communities where 
typhoid has virtually vanished, comes very largely from the medical profes- 
sion, backed it, there seems occasion for urging the medical 
men, they are going pursue that course and ask the communities expend 
large sums money for further water treatment, make careful study 
their patients who have intestinal troubles, and try find out some things 
which present they not know regarding these disturbances. some 
communities, now and then, these intestinal troubles affect hundreds thou- 
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sands people short time, but produce typhoid. That was the case 
three years ago and, later, Cambridge, Mass., which had typhoid 
rate 1.7 1919 and 2.7 1920. There still plenty for engineers 
study, but members the medical profession should further their studies 
than they have yet done, they are ask engineers and the public increase 
the already large expenditures improve the quality water supplies. 


ment Professor Winslowt that the typhoid rate the United States near 
that European countries. The rates this country are probably far closer 
the European standards than Professor Winslow’s figures would show. 
Europe, where post-mortems are resorted frequently, the causes 
death are given more accurately and the same scrutiny pertained the 
United States, many communities would have rates per 100000. 

During the past ten years, tabulation Chicago shows that the average 
duration typhoid days before death. Chicago, when typhoid 
death certificate presented and the case had not been reported, and the 
certificate shows that the person has only been sick two three days, 
looked with suspicion and investigated. the ten death certificates held 
the Department during the past several years, the bodies were posted 
the coroner, and the cause death each instance was abortion similarly 
concealed conditions. would interesting Professor Winslow could 
take the 1916 and 1919 figures which has presented and ascertain how 
many those deaths occurred among patients who had only been sick three 
four days. 

question vital importance the health authorities Chicago the 
present time, has been presented relative the use chlorine connection 
with the water supply. More than 500000 lb. chlorine are used year, 
and every day more than 800000000 gal. water are pumped. times, 
complaints are received regarding the taste chlorine. The water sup- 
plied from Lake Michigan community surrounded Chicago is, must 
protected. The water not filtered and, consequence, chlorine used 
protect the people. The health authorities have not been able, any 
time, trace any injurious effects the use chlorine. true that 
times people will told their family physician that the trouble due 
chlorine, but the speaker the opinion that they are simply told this 
for want better diagnosis. 

Another feature which might importance the presence 
which has been found the drinking water before chlorination, and 
times has been taken from the taps after chlorination. course, this 
bacillus spore bearer and not killed with chlorine. 


Bureau Water Safety and Typhoid Control, Dept. Health, Chicago, 
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MEMOIRS DECEASED MEMBERS 


will rcproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Acting Secretary prior the final publication. 


JAMES SIMPSON BROWNE, Am. 


Diep 22p, 1921. 


James Simpson Browne, the son the Rev. Faneuil Browne, Presby- 
terian clergyman, was born November 14th, 1862, Indiana, Pa. 
received his early education the schools Indiana County and was tutored 
his father the higher branches. 

Mr. Browne entered his career Civil Engineer with one the 
pioneer parties the Union Pacific Railway, and was employed the loca- 
tion and construction its line through the Dakotas, Wyoming, and Idaho. 
was afterward engaged the development the elevated railways 
Brooklyn, Y., and the building the Washington Arch over the 
Harlem River, New York City, that time the largest steel bridge span 
the United States. Later, joined the forces the late George Francis, 
Am. E., laying out the West Shore Railroad along the Hudson 
River. 

1889, Mr. Francis was engaged the late Dawley, Am. Soc. 
E., Resident Engineer the Providence Terminal Company, which was 
organized design, construct, and operate Union Passenger Station 
serve the railroads then entering the City Providence, I., and now 
forming parts the New York, New Haven, and Hartford Railroad System, 
and Mr. Francis brought Mr. Browne Providence assist him that 
work. 

When the station was completed, Mr. Browne was retained Mr. Dawley, 
largely connection with the abolition grade crossings the New York, 
New Haven and Hartford Railroad Rhode Island and Massachusetts, and 
Assistant charge maintenance work. 

1903, Division Office the System was established Providence, with 
Mr. Browne Division Engineer. served that position until 1914, 
when was made Assistant Backes, Am. E., Engineer 
Maintenance Way, and moved the headquarters the Department 
New Haven, Conn., where served until his death. 

Although Mr. Browne had had wide and varied experience railroad 
and construction, having begun his career what was then the Far 
West, under the strenuous conditions surrounding pioneer railroad location 
work, and having had part the construction important engineering 
structures, was essentially student, and preferred research work the 
quiet his office study, rather than the turmoil the construction camp. 

Assistant the Engineer Maintenance Way, one his first and 
most important duties was prepare manual for the guidance the em- 
ployees, and the present “Book Rules” the Maintenance Way Depart- 
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ment the New York, New Haven and Hartford Railroad Company, 
monument his devotion and loyalty. Devotion and loyalty are the very 
foundation engineer’s training and, rule, are taken matter 
course and hardly mentioned, but they were conspicuous attribute Mr. 
Browne’s character that they are the first qualities that come the mind 
his associates the Profession, who thus pay spontaneous tribute the man. 

Mr. Browne survived his widow, Mrs. Flora Browne, two brothers 
Kansas City, and two brothers and sister Pennsylvania. was buried 
the family plot Huntingdon, Pa. 

was member the American Railway Engineering Association and 
the American Bridge and Building Association. 

Mr. Browne was elected Associate Member the Society 
Civil Engineers October 4th, and Member July 1909. 


SAMUEL MERRILL GRAY, Am. Soe. E.* 


5TH, 1921. 


Samuel Merrill Gray, the youngest son David and Sarah Gray, was 
born West Andover, Mass., November 16th, 1842. His father was 
engaged agricultural pursuits that time, and the boy was brought up, 
was customary with farmers’ sons, working the farm and attending the 
district school. 

Later, his father moved from the farm part the town near 
Phillips Academy, and was then that the son began laying the founda- 
tion for his future, and decided adopt the Profession Engineering 
for his life work. this decision, was encouraged his teachers who 
recognized his ability and genius and kindred subjects. While 
still his teens, and striving enter Harvard School, his health 
failed, compelling him abandon, for the time being, the schoolroom for 
some outdoor occupation. 

His instructors had been watching him for some time with considerable 
anxiety, and soon saw that continued his studies the Academy, 
general breakdown his health was inevitable. Therefore, they advised him 
give the thought entering college, and obtain his education the 
field. accepted their advice, gave his studies early the course 
the Academy, and, August, 1862, went sea sailing vessel, returning 
early the following year, greatly improved health and fully determined 
that nothing should turn him from his purpose becoming civil engineer, 
even was unable continue his preparatory course the Academy. 

that time the engineering business was not brisk, and Mr. Gray experi- 
enced considerable difficulty obtaining position. Perseverance was one 
his strong characteristics, and finally secured position engineering 
office Woonsocket, I., where was employed what was then the 
New York and New England Air Line Railroad, now part the New York, 
New Haven, and Hartford Railway System. Later, was engaged locating 
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lines the Connecticut Valley Railroad between New Haven and Hartford 
Conn., and several other railway lines the Middle West. 

During these earlier years, while engaged railroad building, became 
interested hydraulic and municipal work, devoting his spare time these 
studies, particularly the designing and building water-works systems and 
other municipal works. 

Mr. Gray soon acquired name for himself his chosen profession, and 
was early recognized rising, ambitious, young engineer. secured 
appointment Assistant, and, later, beeame Chief Engineer the water 
supply system Hartford, retaining this position until the work was 
completed. 

1869, Mr. Gray came Providence, I., the position 
Assistant Engineer under the late Herbert Shedd, Am. E., 
the water supply system Providence. was placed charge the con- 
struction the Sockanosset and Hope Reservoirs, and other important parts 
the System, remaining with Mr. Shedd until the works were completed. 

February 5th, 1877, was elected City Engineer Providence, posi- 
tion which held until May 5th, 1890. During his this 
office, was nominally charge all public works, water, sewers, streets, 
bridges, and harbors. 

1884, the question sewage disposal for the City Providence was 
being agitated, and Mr. Gray with one his assistants, the late Charles 
Swan, Am. Soc. E., was sent Europe make exhaustive and 
comprehensive study the various methods sewage disposal then use. 

the result his observations and studies abroad, report, with recom- 
mendations for intercepting sewers and sewage disposal, was submitted him 
the City authorities, and this report and recommendations were approved 
Rudolph Hering, Am. E., and the late Joseph Davis, Am. 
Soe. The report was recognized once valuable document the 
subject sewage disposal, and became widely known the United States 
and Europe. 

Early 1890, certain changes the management the Public Works 
Department the City Providence made necessary for Mr. Gray 
resign his position City Engineer, and opened private office for the 
practice his profession. His first work importance was the design 
sewerage system and water-works plant for Chevy Chase, suburb Wash- 
ington, C., which was followed sewerage system and sewage disposal 
plant for Chautauqua, 

His private practice soon increased and was various parts 
the country advise regarding water and sewerage systems, and act 
expert many damage suits, including the Kettle Brook cases, Blackstone 
Valley cases, “The Mill Owners vs. City Worcester, Mass., for diverting 
the waters Kettle Brook and its tributaries”; also, “The Mill Owners vs. 
City Woonsocket, I., for diverting the waters Crookfall Brook.” 

Among the places which Mr. Gray was called advise regarding water 
and sewerage systems are: Augusta and Brunswick, Me.; Meredith, H.; 
Bradford, Vt.; Natick, Springfield, and Worcester, Mass.; East Providence, 
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Bristol, Newport, and Westerly, Binghamton, Syracuse, Cohoes, Troy, 
and Hornells, Y.; Lancaster, Philadelphia, and Meadville, Pa.; Wilming- 
ton, Del.; Paterson, J.; Albuquerque, Mex.; Helena, Mont.; Boise, 
Idaho; and several other places the South and West, including Havana, 
Cuba, Toronto, Ont., Canada, and Monterey, Mexico. 

was associated with Mr. Hering sewage disposal plant for Balti- 
and with Mr. Hering and the late Frederic Stearns, Past- 
President, Am. Soc. E., sanitary system for the District Columbia. 

the question additional water supply arose for the City 
Providence, I., and Mr. Gray was chosen Chief Engineer the Board 
Water Commissioners. This position retained until the preliminary 
investigations and surveys determine the most desirable location for the 
new source supply, and secure the necessary legislation for the new 
project, were completed. 

1915, Mr. Gray resigned the office Chief Engineer for the Board 
Water Commissioners and was appointed Chief Consulting Engineer, 
position which held almost the time his death. 

Mr. Gray was member the Rhode Island State Board Health 
for more than years. 

early life, became identified with the Christian church, and was 
member the Central Congregational Church Providence the time 
his death. 

Mr. Gray was systematic his business methods, and required strict 
accounting from all his assistants. Although firm, strict, and exacting all his 
work, was never harsh disagreeable, but always cheerful and kind, and 
ready help assist his students any way possible. 

About 1904, his health became seriously impaired, and was necessary 
for him relinquish his personal practice for few months order 
recuperate. During this illness, suffered great deal, but bore under 
the affliction with fortitude and good nature. Thinking that change his 
environment might prove beneficial, disposed his city residence 1908, 
and removed the country. Here, devoted his spare time and energies 
agricultural pursuits, and building country home for himself 
Slocum, Naturally, enjoyed country life. 

had made his early home the vicinity Hartford, Conn., where 
was married Miss Adelaide Gilbert who died Providence 1891. 

Having been brought under the shadow the Andover Theological 
Seminary, Mr. Gray was strict observer the Sabbath. would permit 
work done that day were possible avoid it. was the 
writer’s pleasure have been associated with Mr. Gray for the last thirty 
years Principal Assistant, and whenever was sent out work, his 
instructions were, that when Saturday night came, the journey, 
stop off, hotel, and wait until Monday morning, and the bill would 
honored. 

Mr. Gray firmly believed justice all, and was often called 
arbitrate differences which arose between the party for whom the work was 
being done and the contractor doing the work. was always glad and 
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willing aid contractor any way compatible with his position 
engineer. 

Mr. Gray was always kind and considerate with his students, and took 
keen interest their welfare. leaves host friends who will mourn 
their loss. 

Two children survive him: Mrs. Edith Wood, the wife Dr. Harold 
Wood, Medical Officer Dodge City, Kans., and Robert Gray, Slocum, 

Mr. Gray was elected Member the American Society Civil Engi- 
neers May 15th, 1872, and served Vice-President the Society 1892. 


PETER CONOVER HAINS, Am. Soe. E.* 


7TH, 1921. 


Peter Conover Hains was born Philadelphia, Pa., July 6th, 1840. 


was graduated from the Military Academy West Point, Y., 


June, 1861, and was appointed First Lieutenant the Artillery. July, 
1862, was transferred the Topographical Engineers, which Corps was 
consolidated with the Corps Engineers March, 1863. 

Immediately his graduation, Lieut. Hains entered active service the 
field, and served throughout the Civil War, participating twenty-three battles 
and actions. was brevetted Captain for gallant and meritorious services 
the Battle Hanover Court House, May 27th, 1862; Major for gallant 
and meritorious services during the siege Vicksburg, Miss., July 4th, 
1863; and Lieutenant-Colonel for “gallant and meritorious services during 
the Rebellion”, March 13th, 1865. 

After year’s service Assistant Engineer the improvement the 
Des Moines and Rock Island Rapids the Mississippi River, Capt. Hains 
was, 1867, placed command. the Engineer Depot and Post Jefferson 
Barracks, Missouri. was his first independent command. The qualities 
thoroughness and sound judgment which had brought him distinction during 
the Civil War, here had field action which the results could at- 
tributed him personally. The command the Post carried with the 
command Company Battalion Engineers. After more than three 
years training Capt. Hains, this company was sent West Point, Y., 
where came under the writer’s command. Its instruction and discipline 
were the highest order. was model what Engineer Company 
should be, reflecting the greatest credit the officer who had trained it. The 
writer did not, that time, know Capt. Hains personally, but often thanked 
him mentally for the work which lightened his gwn labors materially. 

From 1870 1882, Maj. Hains was employed mainly lighthouse duty, 
serving Engineer the Fifth Lighthouse District from November, 1870, 
May, 1874; Engineer the Sixth Lighthouse District from June, 1871, 
May, 1874, and from July, 1879, August, 1882; and Engineer Secretary 
the Lighthouse Board from June, 1874, July, 1879. 
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From 1882 1891, was charge fortifications and river and 
harbor works Washington, C., and its vicinity. The most important 
work this District was the reclamation the Potomac Flats. Entering the 
up-stream limits the City Washington, with width less than 1000 ft., 
the Potomac River spread out width about 000 ft. opposite the middle 
and lower parts the city. The channels for navigation were inadequate, 
and large area flats was uncovered low tide. One the main sewers 
the city ran through these flats, open canal. high tide, the sewage 
from this canal spread over the adjacent flats, turning them into pestilential 
swamp. The remedy was excavate channels moderate width for naviga- 
tion the river, and use the excavated material for raising the flats. This 
work was inaugurated Maj. Hains 1882. 1891, when was 
elsewhere, about three-quarters the 12000000 cu. yd. estimated 
necessary had been placed the flats. About 620 acres malignant swamp 
had been transformed into healthful dry land, which has since been con- 
structed the beautiful Potomac Park. Although the work was finally com- 
pleted others, is, more than usual with works, associated with 
the name single officer. The southerly end Potomac Park has been 
named “Hains Point” the War Department, and stands monument 
his memory, unique and appropriate. description this work prepared 
Maj. Hains has been published the Society.* 

From November, 1891, November, 1894, was charge fortifications 
and river and harbor works, with headquarters Portland, Me., and from 
November, 1894, May, 1895, was Engineer the Third Lighthouse Dis- 
trict, serving the same time various Boards Engineers, which the 
most important was the Board report the proposed deep-water harbor 
San Pedro and Santa Monica Bays, California, 1892. 

From 1895 1900, Col. Hains was charge fortifications and river 
and harbor improvements the District which Baltimore, Md., was the 
headquarters, and served Division Engineer the Southeast Division, 
except while temporarily absent Central America, and while the field 
during the Spanish War. 

visited Central America from December, 1897, March, 1898, 
member the Commission Congress examine the Nicaragua 
route for Isthmian Canal. The construction canal this route had 
been begun American corporation 1889. This corporation had been 
driven into bankruptcy the financial disturbances 1893, and its plans 
and estimates had been severely criticized. The Commission 1897 recom- 
mended some radical changes the plans, especially the estimates. Its 
report, however, was not completed when the revival the Panama plan at- 
tracted the attention Congress, and led the creation, 1899, 
Isthmian Canal Commission, examine and report all practicable routes 
for canal across the Isthmus. Col. Hains was made member this 
Commission, but before was created, was called into the field for service 
the Spanish War. 
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was appointed Brigadier General Volunteers May 27th, 1898, and 
assigned the command the Brigade, 1st Division, 1st Army Corps, 
which accompanied Porto Rico, and which commanded the skirm- 
ishes Guayama, August 5th, and Las Palmas August 8th, 1898. The 
peace protocol having been signed, returned the United States Sep- 
tember, and was mustered out the Volunteer Service November, 1898. 
For his conduct this campaign, was the Commander 
the Expedition, the late Lieut.-Gen. Miles, for promotion the grade Major 
General, but the promotion was not made that time. 

The Isthmian Canal Commission 1899 1904 made examination 
all the routes across the Isthmus, and especially thorough one the two 
principal routes, via Nicaragua and via Panama. The members the Com- 
mission made many long journeys together, visiting Paris and the Kiel and 
Manchester Ship Canals, and passed many weeks Central America. Their 
journeys brought them into close personal contact, giving them more inti- 
mate knowledge each other’s character than many years ordinary inter- 
course. Travel Nicaragua especially was made under difficult cireum- 
large part was through wilderness, which every dis- 
comfort had endured, and, the more civilized part, the public ac- 
commodations were rarely sufficient for large party. Every temptation 
was offered for the display selfishness bad temper, but occasion 
did Gen. Hains lose his equanimity. His sweetness disposition and equa- 
bility temper will never forgotten his colleagues those expeditions. 

The Commission found that the best route for canal was via Panama; 
the purchase the French property and rights, which 
fixed valuation and submitted plan for the canal, with 
estimates cost, rejecting the sea-level plan and providing for locks. The 
property was purchased the United States the price mentioned, but was 
not until 1904 that all legal and diplomatic formalities had been complied 
with, and the United States was begin the work construction. 

For construction purposes, the President decided re-organize the Com- 
mission, and member the Engineer Corps the Army was appointed. 
the end the year the Third Isthmian Canal Commission was organized 
which were two officers the Engineer Corps the Army, whom 
Gen. Hains was one. These officers found themselves minority two 
the subject-of the type canal. Shortly before the dismissal the Sec- 
ond Commission, its Engineering Committee had submitted report strongly 
favoring the sea-level type. The full Commission had not had time take 
action the report, but its contents were known to, and approved by, the 
President and the Secretary War. Simultaneously with the appointment 
the Third Commission, the President appointed Consulting Board 
thirteen distinguished engineers determine the plan for the canal. This 
Board was unable agree, but eight members, including all the foreigners, 
reported favor. the sea-level type, whereas five favored the lock type. 

The two reports the Consulting Board came before the Isthmian Canal 
Commission for review and recommendation. The review the subject 
the Commission satisfied the President and the Secretary War, and eventu- 


+ 
4 


132 MEMOIR HOWARD CARLETON HOLMES 


ally Congress, that the proper type canal for this Government build 
was the lock type. 

Gen. Hains had been promoted through the various grades the Corps 
Engineers until April 22d, 1903, when was appointed Brigadier 
the line the Army. was retired from active service July 6th, 
1904, having reached the age 64, the statutory limit. Under the provision 
Act Congress, approved August 29th, 1916, was promoted the 
rank Major General the Retired List November 2d, 1916. 

When war with Germany was declared 1917 offered his services for 
any duty which the Government might wish assign him, and was placed 
charge the Engineering District which Norfolk, Va., was the head- 
quarters, where served throughout the World War. was probably the 
only officer the Army who was active duty throughout the Civil, Spanish, 
and World Wars. 

Gen. Hains was married November 17th, 1864, Miss Virginia Pettis 
Jenkins, daughter Rear-Admiral Thornton Jenkins, Navy. His 
widow and three sons survive him. 

Those who knew him the gallant soldier, the skillful engineer, the ac- 
complished gentleman, and the loyal friend, can understand what stunning 
blow his death must those who knew him also the tender and devoted 
protector. 

Gen. Hains was elected Member the American Society Civil En- 
gineers April 2d, 1890. 


HOWARD CARLETON HOLMES, Am. Soe. E.* 


Diep 30TH, 1921. 


Howard Carleton Holmes was the only son Cornelius and Maria Folger 
Holmes. was born the Island Nantucket, Massachusetts, June 
10th, 1854, and when five years age went with his parents San Fran- 
Cal. 

After receiving his education the schools San Francisco, 
entered the City Engineer’s Office Oakland, Cal. Later, began Sur- 
veyor and became identified with number leading engineers. Mr. Holmes 
was only years old when made the surveys and maps neces- 
sary for the development Lake Chabot, the principal source water supply 
the City Oakland. 21, passed examination for appointment 
United States Deputy Surveyor, and soon afterward became Assistant Engi- 
neer the Board State Harbor Commissioners, leaving this position 
design and build the Alameda Mole and Depot for the South Coast 
Railway Company. 

Mr. Holmes then directed his attention street railway construction and, 
1887-88, designed and built the Powell Street Cable Railway, then known 
the Ferries and Cliff House Railroad. During the next few years, 
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designed and built the cable railroads Portland, Ore., Spokane, Wash., 
and the Madison Street Railway Seattle, Wash. Returning San Fran- 
designed and constructed the Sacramento Street Branch the 
Ferries and Cliff House Railroad and the lower end the California Street 
Railroad, and extended the Union Street Cable Railroad from Fillmore Street 
the Presidio. Later, secured the contract for the design and construction 
the original electric railway Stockton, Cal. 

1892, Mr. Holmes was appointed Chief Engineer the Board State 
Harbor Commissioners and many wharf structures along the water-front 
San Francisco and also the Union Ferry Building the foot Market Street, 
the foundation which was notable piece engineering work, were built 
under his direction. also designed the passenger and freight ferry slips 
all the railroads San Francisco Bay, with the exception the Southern 
Company. Mr. Holmes was the designer and inventor many im- 
provements and innovations harbor construction. 

1901, resigned his position with the State Harbor Board become 
Chief Engineer the San Francisco Dry Dock Company design and con- 
struct 750-ft. granite and concrete graving dock Hunter’s Point. 1916, 
Consulting Engineer for the Bethlehem Shipbuilding Company, designed 
and supervised the construction concrete and granite graving dock 
also located Hunter’s Point, San Francisco. 

From 1902 1910, was retained Chief Engineer San Francisco- 
Oakland Terminal Railways, and designed and supervised the construction 
ferry slips, terminal buildings, wharves and extensive double-track trestle. 
From 1905 1910, was also retained Consulting Engineer during the 
construction period the Western Pacific Railroad, and designed and super- 
vised the Oakland Freight and Passenger Terminal and the San Francisco 
Freight Terminals that Company. Mr. Holmes was also engaged the 
International Exposition from 1915 Consulting 
Engineer. addition, different periods during the last decade, Mr. 
Holmes was retained the capacity Consulting Engineer for the Esquimalt 
Shipbuilding and Drydock Company, Moore Shipbuilding Company, Richmond 
Belt Railway, South San Francisco Land and Improvement Company, North- 
western Railway Company, and others. 

His and intelligence gave great weight his opinions all 
matters pertaining engineering work. Mr. Holmes was eminently successful 
his chosen profession; his business dealings were characterized the 
utmost fairness his clients and contractors alike, and host friends along 
the entire Coast mourn his loss. His death, which October 


30th, 1921, resulted from stroke paralysis after illness lasting several 
weeks, 


1883, Mr. Holmes was married Miss Josephine Bauer who survives 
him. 

was member the _Engineers’ Club, the California Academy 
Science, the Seismological Society America, and prominent Mason and 
Knight Templar. Mr. Holmes was also prominent the club life San 
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Francisco, having been member the Union, Bohemian and San. 


Francisco Golf and Country Clubs. 

Mr. Holmes was elected Member the American Society Civil Engi- 
neers November 4th, 1903. was also member the San Francisco 
Section the Society. 


WARREN CHAMBERLAIN TUDBURY, Am. Soe. E.* 


Diep May 1921. 


Warren Chamberlain Tudbury, the son the late John Thomas and Sarah 
Lizzie (Tibbets) Tudbury, was born Salem, Mass., November 14th, 1877. 

1900, was graduated from the Massachusetts Institute Technology 
with the degree Civil Engineering, and immediately obtained 
position with the New York Central and Hudson River Railroad Company. 
For the next eleven years, with the exception two brief periods, remained 
with this Company and had much with the design and execution 
important betterments its lines, including the elimination grade-crossings, 
grade revisions, and marine terminals. 

From March, 1911, February, 1912, Mr. Tudbury held the position 
Assistant Engineer Railroad Valuation the Bureau Engineering 
Statistics and, under the direction George Swain, Past-President, Am. 
Soe. E., had charge bridge and compilations. 

From February, 1912, September, 1913, was Designing Engineer 
important grade-crossing elimination work under the direction 

1914, Mr. Tudbury went Los Angeles, Cal., make his home. 
there opened office and carried successful engineering practice until 
late 1916, when entered the Government Service the Bureau Yards 
and Docks, Washington, His experience railroad engineering was 
great benefit connection with many the large projects carried out 
the Navy Department during the World War. 

June; 1918, was transferred the Engineering Force the Navy 
Yard, Mare Island, Cal., with the title Expert Aide. Shortly after his 
transfer Mare Island, his health began fail. Notwithstanding his illness, 
however, bravely and without complaint gave the Government faithful and 
valuable service until within few weeks his death, which occurred his 
home Berkeley, Cal., May 18th, 1921. 

survived his widow, who, before her marriage 1914, was Ethel 
Putnam Wheeler, Salem, daughter, Patricia Breed Tudbury, 
and his mother and sister. 

his mother’s side, Mr. Tudbury was descended from some the 
earliest and most prominent New England families, families which were 
identified with the history the Colonies, the Revolution, and the War 
1812. is, therefore, only natural, perhaps, that should have had great 
interest the early history the Colonies and the genealogy the 
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prominent Colonial families. collected and arranged vast amount 
genealogical data which left the Society the Sons the Revolution 
Los Angeles. also left, for future publication, manuscript giving 
account the adventures the privateer, The Grand Turk, which sailed 
from Salem under the command his great-grandfather, Holten Johnson 
Breed, during the War 1812. the time his death, was working 
book entitled “The History the Copp Family.” 

The early history the United States was the most important interest 
his leisure hours, but was also great lover birds and student 
their ways. delighted photographing them the various stages 
their development, and some his photographs have been published. 

Mr. Tudbury belonged the Society Colonial Wars, the Society 
the Sons the Revolution, the Society the War 1812, the California 
Society, the American Philatelist Society, and the American 
Ornithologists’ Union. 

His great friendliness and gentle ways made for him many friends among 
those with whom came contact, and will greatly missed those 
that were fortunate know him. 

Mr. Tudbury was elected Associate Member the American Society 
Civil Engineers June 1st, 1909, and Member March 12th, 1918. 


GISLI GUDMUNDSSON, Assoc. Am. E.* 


Diep 19TH, 1921. 


Gisli Gudmundsson was born Bordeyre, Iceland, March 31st, 1862. 
attended the Technical Institute, Copenhagen, from 1883 1885, and received 
the degree Civil Engineer from the Teknisk Loereanstalt, Trondhjem, 
Norway, 1889. this time, entered the service the Norwegian 
Government, and was engaged highway construction for two years, having 
been employed part that time the “Kaiser Wilhelm Way,” and 
harbor work. 

1893, Mr. Gudmundsson resigned from this position and came the 
United States, settling Pittsburgh, Pa., which city was his home until 
his death. For the next three years, was employed Draftsman and 
Estimator Shiffler and Keystone Bridge Companies, with the Lake 
Erie and Ohio River Canal Commission, and with the Pennsylvania Lines 
West Pittsburgh. For short time during this period, also served 
Engineer the location thirty miles railroad Guatemala. 

From 1896 1898, Mr. Gudmundsson was with the late Hermann Laub, 
Am. Soe. E., bridge and building design and erection, and, 
1898, had charge construction with the Pittsburgh Plate Glass Company. 
1899, again entered the employ Mr. Laub, this time his Principal 
Assistant. this position, Mr. Gudmundsson had charge the design and 
erection the Allegheny River Bridges New Kensington and Highland 
Park, Pittsburgh, and numerous other bridges and buildings. 


Memoir prepared Vernon Covell, Am. Soc. 


a 


136 MEMOIR ARTHUR JOHN HART 


1903, entered into business for himself and was engaged general 
civil engineering practice until his death. During this time, designed and 
built the bridges for the Indianapolis and Louisville Traction Railway Com- 
pany; the power house and barn for the Southern Cambria Railway Com- 
pany, Mineral Point; the Woodvale Avenue Viaduct, Johnstown; the 
South Fork Bridge, South Fork; and the highway bridge over the Penn- 
sylvania Railroad Ebensburg, Pa. also designed and had charge the 
alterations and construction the new plants the Mesta Machine Com- 
pany West Homestead; the Kittaning Brick and Fire Clay Company, 
Kittaning, and the Lockhart Iron and Steel Company, Pittsburgh, Pa., 
and made examinations and detailed reports several bridges over the Beaver 
River for Beaver County, Pennsylvania. From 1911 1917, acted 
Consulting Engineer for the Pittsburgh and Butler Railway Company, during 
which time made detailed reports all the bridges the line, and designed 
and built the bridges from Slippery Rock Grove City, Pa. 

different intervals, co-operated with the Engineer’s Office 
Allegheny County, Pittsburgh, the design the Sewickley Bridge over 
the Ohio River, and remodeling the 7th and 30th Street Bridges over the 
Allegheny River, and the and 5th Avenue Bridges over the Youghiogheny 
River, McKeesport, Pa. 

Mr. Gudmundsson was careful student events the United States and 
abroad, and took deep interest all civic and matters. 
was genial disposition and had many warm personal friends. 

was active member the Engineers’ Society Western Penn- 
sylvania and the Lincoln Club Pittsburgh. had relatives 
America. 

Mr. Gudmundsson was elected Associate Member the American 
Society Civil Engineers, January 3d, 1900. 


ARTHUR JOHN HART, Assoc. Am. Soc. E.* 


Diep June 1920. 


Arthur John Hart, the youngest son the late Sidney John Hart, was 
born Chatham, Kent, England, December 15th, 1887. His early life 
was passed England where received his education. 

January, 1905, Mr. Hart secured position Pupil with the City 
Engineer Rochester, England. quickly advanced the rank 
Assistant the construction concrete reservoir and six miles electric 
tramway, and the re-survey that city. September, 1908, entered 
the employ the Indented Bar and Concrete Engineering Company, Limited, 
London, England, and spent years Assistant the design and super- 
vision many large reinforced concrete works, Dockyard, Rosyth; 
the military barracks, Abbasia, Cairo, Egypt; New Stationery Office, 

Memoir prepared Myles Dunphy, Esq., Sydney, W., Australia. 


Memoirs. MEMOIR ARTHUR JOHN HART 137 


London; the new Royal Automobile Club, London, and many other similar 
works. 

May, 1912, Mr. Hart was appointed Chief Representative Engineer 
Australia for the Indented Bar and Concrete Engineering Company, Limited, 
and left England take his new position Sydney. short time, 
began the practice his profession Consulting Engineer and Chief 
Representative Engineer for the Indented Bar Company. His chief interest 
lay reinforced concrete and his progressive methods and ideas, together 
with his comprehensive knowledge this building material, quickly placed him 
the forefront, the most active advocate for this method construction 
Australia. 

From 1912 1920, Mr. Hart regulated and controlled constantly expand- 
ing practice and kindred businesses. His practical criticism and series 
lectures before the Institute Civil Engineers Sydney were responsible 
great extent for the revision the municipal by-laws the City 
Sydney relating construction reinforced concrete and structural steel. 
During these eight years, the work under Mr. Hart’s charge must have aggre- 
gated value several millions pounds sterling. Sydney, 
and throughout the Commonwealth Australia, his works stand eloquent 
and striking testimony his greatness designer and constructor, and 
continual reminders his friends. 

Bearing the earlier period Mr. Hart’s life there dearth informa- 
tion, but from what his friends Australia know his fine personality, 
capacity for noting detail, together with the end view, and his hunger for 
further information, not surprising learn that his interest life was 
means centered the practice his profession alone. 

was member the Automobile Club Australia and the Royal 
Sydney Yacht Squadron; his car and his yacht Lowanna, his hockey, tennis, 
and other outdoor interests, enjoyed with wholehearted vigor. For 
time, was Secretary the Athletic Rifle Club Sydney. Offering his 
services his country early the World War, and having been rejected for 
the physical defect which eventually proved fatal, gave large part his 
time war service work. 

has been said, and there some truth the saying, that engineer 
almost wholly devoid the artistic perception, but Mr. Hart least was 
master conStructor, expert administrator, and capable art critic. 

Mr. Hart extended his help the young craftsmen and professional cadets 
the Sydney Technical College free and practical manner; for some 
years, and the time his death, the prize list never failed his con- 
tribution, and esteemed honor allowed set examination 
paper annually the subject nearest his chosen profession. 

was married 1916 Miss Gwendolyn Wood, the youngest daughter 
the late Quayle Wood, Brundah Station, and Mrs. Wood, Kirribilli 
Point, Sydney, who, with their two baby daughters, survives him. 

Mr. Hart was elected Associate Member the American Society 
Civil Engineers October 14th, 1919. 
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CHARLES WHITING BRADLEY, Affiliate, Am. Soc. E.* 


January 1920. 


Charles Whiting Bradley was born Newtown, Conn., September 
13th, 1836. 

entered the service the Erie Railroad Nanuet, Y., Novem- 

ber, 1852, Telegraph Operator, and remained with that Company until 

1862. From 1862 1868, Mr. Bradley held several positions with the Atlantic 
and Great Western Railroad Company, rising that Division Super- 
intendent. 

From 1868 1870, served Superintendent the Cincinnati, Chicago, 
and Louisville Railroad, and from 1870 1872, was engaged Super- 
intendent the Niles and New Lisbon Railroad. 1872, returned 
the Atlantic and Great Western Railroad Division Superintendent, which 
position held until From 1873 1878, Mr. Bradley was employed 
Division Superintendent the Wabash, St. Louis, and Pacific Railway, 
and, from 1878 1880, served General Western Traffic Manager the 
same road. 

1880 and 1881, was Division Superintendent the Denver and Rio 
Grande Railroad, and from 1881 1882 was Superintendent the Cin- 
cinnati and Northern Railroad. 

During 1882 and 1883 held the position Assistant Superintendent 
Construction with the New York, West Shore, and Buffalo Railway Com- 
pany, and from 1883 1885, was Division Superintendent that road. 
From 1885 June 1898, Mr. Bradley was General Superintendent the 
West Shore Railroad, and, afterward, was connected with the Walkill Valley 
Railroad, and also served Manager the Western New York Car Service 

Mr. Bradley then entered the service the Chesapeake and Ohio System 
Superintendent the Telegraph Department, which position held 
until his death January 14th, 1920, Nyack, For ten years before 
his death had made his home Richmond, Va., and was visit his 
nephew Nyack where was taken ill and died. 

Mr. Bradley was modest disposition, kind and gentle, and had many 
friends. was married 1857 Miss Annie Tallman, Nanuet, Y., 
who survives him. 

was widely known among railroad men and had been for many years 
prominent member the American Railway Engineering Association, having 
served delegate the International Railway Conference London, Eng- 
land, 1895. also attended similar convention Berne, Switzerland, 
1910. the time his death, Mr. Bradley was member and President 
the Old-Time Telegraphers’ Association the United States. was also 
member the Chesapeake and Ohio Veteran Employees’ Association and the 
Westmoreland Club Richmond, Va. 

Mr. Bradley was elected Affiliate the American Society Civil 
Engineers June 19th, 1891. 


Memoir compiled the Secretary from information file the Headquarters the 
Society. 
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GEORGE LORD BURROWS, Affiliate, Am, Soc. E.* 


9TH, 1921. 


George Lord Burrows was born Albion, Y., August 30th, 1836. 
received his education the Albion Academy and Fort Edward Collegiate 
Institute, where studied engineering. 

After leaving college, worked with the Engineering Corps the en- 
largement the Erie Canal and afterward with the Bank Albion, where 
gained the knowledge banking which used such good advantage 
later. 

1862, Mr. Burrows went Saginaw, Mich., where his successful career 
has been closely connected with the history the Saginaw Valley. 

May, 1862, established the private bank George Burrows and 
Company Saginaw. This bank was his first business enterprise that 
city, and was conducted him and his associates until 1915, when was 
sold the Bank Saginaw. 

Mr. Burrows saw the possibilities the pine lands Michigan, and early 
became prominently identified with the lumber interests Central Michigan, 
the development which became powerful influence. 

About the same time, became interested the construction the first 
street car line Saginaw. served Treasurer the Company which 
built the line, and also the Company which built the Mackinaw Street 
Bridge. 

1885, Mr. Burrows was elected President the Niagara Falls Inter- 
national Bridge Company. father, Lorenzo Burrows, had been one 
the builders the Suspension Bridge across the Niagara River near the 
Falls, and Mr. Burrows succeeded his father head the organization 
controlling the bridge. held this position the time his death. 
1897, during his incumbency this office, the Suspension Bridge was changed 
steel arch bridge. 

lumberman, banker, and engineer, Mr. Burrows was closely identified 
with many the early enterprises Saginaw, and did much toward the 
development the city, which gave freely his services its public 
works. served Chief the Volunteer Fire Department and this 
capacity superintended the construction the West Side Water-Works. 
also acted Supervising Engineer the construction the Saginaw 
County Court House, and was for many years member the School Board 
the West.Side Union School District. 

was regarded his friends and acquaintances man unusual 
intelligence and integrity, well informed, and excellent financier. gave 
generously his wealth, both individuals and organizations, and always 
insisted that nothing said concerning his charities. 

The following high tribute has been paid Mr. Burrows: 


Memoir compiled the Secretary from information file the Headquarters the 
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“Tt may said him without reserve what cannot said every man 
who has acquired large means, his best friends are those who know him best 
and his personal integrity without stain.” 

Mr. Burrows was married June 25th, 1863, Buffalo, Y., Miss 
Julia Hotchkiss, who died Saginaw October 14th, 1883. sur- 
vived one son and five daughters. 

was member the Engineers’ Club, the Union League Club, and 
the Bankers’ Club, all New York City, and the Biscayne Bay Yacht 
Club, Miami, Fla. also belonged the Masonic Order. 

Mr. Burrows was elected Affiliate the American Society Civil 
Engineers February 3d, 1886. 


CALVIN TOMKINS, Affiliate, Am. E.* 
1921. 


Calvin Tomkins, the son Walter and Emma Augusta (Baldwin) Tomkins, 
was born East Orange, J., January 26th, 1858. 

was graduated with honor from Cornell University, the class 
1879, with the degree Within few years thereafter was elected 
President the New York Association Cornell University, and throughout 
his life was leader among Cornell Alumni and active support the 
University. 

Early becoming one group art workers and amateurs, Mr. Tomkins 
was associated with leading artists New York the movement from 
which later grew the Fine Arts Federation, with its associated societies. 
became President one the more prominent these societies, the Munici- 
pal Art Society, and was also one the founders the National Arts Club. 

1887, assisted the organization the Reform Club, and was suc- 
cessively prominent its Tariff Reform, Sound Currency, Devel- 
opment Committees. also served for years President the Club. 

Having been active the re-election President Cleveland, whose con- 
fidence enjoyed, was leader the Gold Democratic Movement oppo- 
sition Free Silver, and candidate for Congress the Palmer and Buckner 
Campaign. 

1884, succeeded his grandfather, Calvin Tomkins, Director 
one group business concerns which since early the last century had 
been developed members his family, and the death his father 1896 
left him mainly responsible for the conduct manufacturing and mining 
plants Tomkins Cove and Rondout, Y., Newark, J., and Nova Scotia 
and New Brunswick, Canada. 

Always student the problems growing therefrom, Mr. Tomkins was 
early recognized expert the New York Chamber Commerce, Board 
Trade and Transportation, Maritime Association, and other commercial 
bodies New York City, which, before 1910, had become prominent 
helpful criticism subway development, and adviser Governor 
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Hughes the reform which the old commission was displaced and plans 
progressed for city ownership and control. 

Having been active and influential securing the passage the Consti- 
tutional Amendment exempting self-sustaining dock and subway bonds from 
the debt limit New York City, and leading advocate the election 
Mayor Gaynor, was urged the Mayor, his election, share the responsi- 
bility the Administration, and notwithstanding business obligations which 
could not transfer, accepted the office Commissioner Docks 
January 1910, appointment which gave great satisfaction the com- 
mercial interests the city. 

Mr. Tomkins commenced and developed vigorous and tactful propaganda 
for adequate development the Port New York unit, irrespective 
city and State boundaries. This propaganda has gradually enlisted sup- 
port, until the essential the plan urged Mr. Tomkins the groundwork 
the world port which the States New York and New Jersey are now 
practically committed. 

Mr. Tomkins was not sympathy with the policy executing long-term 
leases docks and piers, and most the leases which fell due during his 
administration were held over permits for one two years, effort 
secure control considerable stretches water-front and institute compre- 
hensive physical plan. 

sought information port administration, organization, and equip- 
ment, not only American, but also European, ports, and was strong 
advocate control harbor facilities, such control extend least 
far public ownership. 

was insistent his demand that there must railroad connection 
between the west side and the east side the port for the movement railroad 
freight, tunnel bridge. Plans were developed him for bringing all the 
railroads into Manhattan joint railroad terminals; and legislation secured 
make possible the construction marginal railroad Brooklyn, and 
developing plans for many sections the port, took into consideration the 
needs and possibilities New Jersey well New York. 

1911, Mr. Tomkins called together representatives the Port Authori- 
ties the United States, and meeting held the Chamber Commerce 
the State of, New York, organized the National Association Port 
Authorities, which was elected President, the Association later changing 
its name the American Association Port Authorities, order 
the port authorities Canada. 

The Material Handling Machinery Manufacturers Association, organi- 
zation made the manufacturers freight-handling machinery, organized 
primarily the request the United States Shipping Board early the 
World War, chose Mr. Tomkins its President. 

was called the United States Government during the World War 
and served member the Board devoted the operation inland water- 
ways the country, among the activities which was included the operation 
the New York State Barge Canal. 
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His co-operation and advice were sought the authorities many the 
ports the country, and his judgment was held high esteem harbor, 
terminal, and transportation matters. Acting his advice, the City Wil- 
mington, Del., acquired large tract property and has commenced the con- 
struction municipal terminal. 

Mr. Tomkins was member the Commission appointed 1911 the 
Governor New York State co-operate with similar Commission appointed 
the Governor New Jersey investigate conditions the Port New 
York and make recommendations. 

was Delegate the National Convention San Fran- 
cisco, Cal., 1920. was taken seriously ill the trip, and although 
partly recovered, never quite regained his full health, and died March 
13th, 1921. 

was married December 4th, 1889, Kitty Neilly, Stony Point, 
Y., who survives him. 

His death severe loss the which lived, the transportation 
interests, and those who have the responsibility creating and improving 
the port terminals the United States. 

Mr. Tomkins was elected Affiliate the American Society Civil 
Engineers January 6th, 1886. 


JAMES FRANCIS WRENN, Affiliate, Am. Soe. E.* 


Diep 2p, 1921. 


James Francis Wrenn, the son James and Sarah Wrenn, was born 
Va., May 30th, 1867. received his education the public 
schools his native town, and was graduated from the Virginia Military 
Institute. 

Mr. Wrenn’s first experience engineering work began the early age 
fifteen. Owing ill health, was compelled discontinue his studies 
temporarily, and February 2d, 1882, went Alabama with uncle who 
was prominent railroad contractor. that time his uncle had contract 
for the construction miles the Georgia Pacific Railroad, between 
Atlanta, Ga., and Birmingham, Ala. The boy was employed this work 
until September, 1882, when returned Lynchburg resume his studies. 
September, 1887, entered the Virginia Military Academy. During his 
summer vacations, Mr. Wrenn worked for his uncle and for his grandfather, 
who was also contractor, their different construction contracts. 

1890, immediately after his graduation from the Institute, was 
appointed Assistant Superintendent and Engineer Construction con- 
tract for double-tracking the Norfolk and Western Railroad, west Salem, Va. 

From 1892 August, 1893, Mr. Wrenn was engaged Contractor, 
the Roanoke Development Company, build cantilever bridge across the 
Roanoke River, Roanoke, Va., and construct the first improved street 
for the City Roanoke. 


Memoir prepared Lovette, Esq., Roanoke, Va. 
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From August, September, 1894, constructed five miles new 
grade for the Atlantic Coast Line Railroad, the Augusta Cut- off around 
Petersburg, Va., from Dunlap Rheme Stations. 

From March, 1895, April, 1897, Mr. Wrenn was engaged the con- 
struction canal and dam for developing new water power for the 
Roanoke Rapids Power Company, Roanoke Rapids, C., and from 
April, 1897, March, 1898, constructed ten miles the Mobile, Jackson, 
and Kansas City Railroad, between Mobile, Ala., and Hattiesburg, Miss. 

From March July, 1898, was employed lengthening the side- 
tracks the Mobile Division, Flemington, Ala., for the Louisville and 
Nashville Railroad, and from July December, 1898, constructing two 
miles new grade for the Seaboard Air Line, between Lawrenceville and 
Logansville Georgia, thirty miles east Atlanta. 

1899, Mr. Wrenn was appointed General Superintendent Construc- 
tion for Samuel Walton, Contractor, and was engaged constructing for 
the Norfolk and Western Railroad low-grade line cut-off, near Radford, 
Va., which included tunnel through spur the Blue Ridge Mountains. 
was also engaged the construction the last ten miles for the 
Virginian and Southwestern Railroad, from Elizabethton Mountain City, 
Tennessee. 

1900, was employed the subway construction New York City, 
and, 1901, Contractor the construction soft tunnel for the 
Government, Washington, C., during which large intercepting sewer 
was laid ft. under the surface Street, 1902, constructed 
18-mile electric line from Danbury, Conn., Golden Bridge, the Harlem 
Division the New York Central Railroad, New York State, and, 
1903 built miles electric line from Rutland Fair Haven, Vermont. 

1904, Mr. Wrenn was made General Superintendent for contracting 
company, which capacity constructed section the Wabash Rail- 
road into Pittsburgh, Pa. 1905, became General Superintendent for 
the William Oliver Company, Knoxville, Tenn., and was engaged the 
work double-tracking the “Big Four” Railroad between Cincinnati, Ohio, 
and Indianapolis, Ind. July that year, was transferred Norfolk, 
Va., take charge the construction the first 100 miles the Tide Water 
Railroad (now the Virginian Railway), from Norfolk, Va., west. 

July, 1906, was sent New Orleans, La., charge the construc- 
tion the first 100 miles the New Orleans and Great Northern Railroad, 
from Slidel, La., toward Jackson, Miss. 1907, Mr. Wrenn was appointed 
General Superintendent for Philadelphia company, and had charge the 
construction low-grade line miles for the Erie Railroad, New 
York State, from Hornellsville the Buffalo Division, Cuba, the 
Chicago Division. This cut-off was constructed for the purpose elimina- 
ting heavy grade the and was extremely difficult 
work. 

During 1908 and 1909, held the position General Superintendent for 
New York contracting company and was engaged building improved 
highways New York State, west Albany, Canajoharie, Fonda, Glovers- 


4 
| 
| 


144 MEMOIR JAMES FRANCIS WRENN 


ville, and Northville. This work was done under the first $50 000 000 ‘appro- 
priation made the Public Works Department New York State. 1910, 
was transferred and made General Manager two sections the New 
York State Barge Canal the Champlain Division, between Waterford and 
Stillwater, 

1911, Mr. Wrenn formed co-partnership with Mr. 
Norfolk, Va., which was incorporated the McGuire Construction Com- 
pany, and served its Vice-President and General Manager until March 
31st, 1916. During this period this Company constructed. improved streets 
for the Cities Fayetteville, Newbern, Wilmington, and Greensboro, C., 
nine miles highway Prince George County, for the State 
Maryland; laid asphalt paving for the Towns Easton and Salisbury, Md.; 
and constructed asphalt streets for the City Danville, Va. 

1916, Mr. Wrenn bought out Mr. McGuire’s interest, and continued 
operate the Company President and Manager. During the same year, 
constructed asphalt streets for the City Suffolk, Va. 

During the World War, gave his services the Government, and after- 
ward was engaged Constructing Engineer for the Lassiter Company, 
Norfolk, Va. 

Mr. Wrenn was very popular the business well the social circles 
Norfolk, Va. survived one daughter, Virginia, ten years age. 

Mr. Wrenn was elected Affiliate the American Society Civil 
Engineers September 6th, 1905. 
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CONSTRUCTION PROGRESS 
THE HETCH HETCHY WATER SUPPLY 
SAN FRANCISCO, CALIFORNIA 


SYNOPSIS 


The Hetch Hetchy Water Supply Project make available San 
Francisco, and the adjacent metropolitan area, 400 000 000 gal. water daily, 
sufficient satisfy the requirements the district for century come. The 
production 200000 hydro-electric horse power will make also 
important factor the industrial progress Central California. 

The water diverted from the Tuolumne River and some its 
tributaries, the Sierra Nevada Mountains, more than 150 miles from San 
Francisco the aqueduct line. The project takes its name from its principal 
reservoir site, Hetch Hetchy Valley. 

not intended this paper describe discuss detail the project 
whole, but present comprehensive view the present stage con- 
struction, making only such reference the general scheme and matters 
policy appear necessary understanding the development the 


working program. 


From its pioneer days, the Spring Valley Water Company has supplied 
San Francisco with water from local sources, owned controlled that 
Corporation. The most distant works now use are, along the conduit 
lines, about fifty miles from the city. The approaching inadequacy this 
supply has been evident for many years, and was early recognized that the 
City must inevitably bring additional water from some more distant and 
more source, which eventually will become the principal one, the 


discussion will published subsequent number Proceedings, 
and, when finally closed, the papers, with discussion will published Trans- 


actions. 
City Engr., San Francisco, Cal. 
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local works assuming the position auxiliary. Nearly every important 
stream Northern and Central California has been proposed one time 
another possible source the desired additional supply, and many them 
have been the subject engineering studies which cost estimates have 
been made considerable detail. 

early 1879 the Upper Tuolumne River, with Hetch Hetchy Valley 
reservoir site, was suggested. 1901, the Hon. James Phelan, then 
Mayor San Francisco, filed water appropriation notices the Tuolumne 
and its tributary, Eleanor Creek, and applied the Secretary the Interior 
for reservoir rights way covering Hetch Hetchy Valley and Lake Eleanor, 
both which lie Yosemite National Park. 

Opposition immediately developed, instigated primarily corporate inter- 
ests hostile municipal ownership public utilities, financially interested 
rival water-supply projects, and for twelve years progress was arrested 
well organized campaign antagonism, with hostility Federal officials 
any encroachment the Yosemite National Park. was decided last that 
special legislation would necessary grant the city the privileges 
sought. Such legislation was enacted Congress December, 1913. 

the meantime, the people San Francisco had declared themselves 
almost unanimously favor the project voting, 1908, $600 000 bond 
issue for the purchase privately owned lands and water rights, and, 1910, 
voting bond issue $45 000 000 finance the construction. 

the spring 1914, road work was begun, and, the following July, the 
construction railroad Hetch Hetchy Valley was commenced and saw- 
mill built. From that time, construction work has been pushed forward 
steadily, although until recently progress has been slow, due the same 
difficulties financing and obtaining labor and materials were experienced 
all large construction projects after the outbreak the World War. 
further handicap lay provision the City Charter preventing the sale 
the City’s bonds less than par. This was recently amended allow the 44% 
bonds already authorized sold basis. 


THE 


The Hetch Hetchy System was first planned supply San Francisco alone. 
The present scheme, however, much broader. The cities the eastern shore 
San Francisco Bay and those south the city the peninsula are even 
more need increased water supply than San Francisco. Therefore, 
the region west, east, and south the Bay was considered forming Metro- 
politan Water District. The ultimate capacity for the Hetch Hetchy works 
was fixed 400000000 gal. per day and takes into account the probable 
requirements the district throughout the present century. 

John Freeman, President, Am. Soc. E., assisted the representatives 
the city presenting their case before the Federal officials, and, 1912, 
prepared preliminary plans and estimates, some detail, for developing 
ultimately 400 gal. water daily and transmitting the Metro- 
politan District. The project now being carried out along the general lines 
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then suggested Mr. Freeman, although with modifications number 
important features. abstract Mr. Freeman’s report has been published.* 


IMPORTANT CHANGES FROM THE PLANS 1912 


The plans 1912 contemplated initial development 000 gal. 
per day, the surplus over the needs the Metropolitan District used for 
irrigation the adjacent area. Certain irrigation districts the San Joaquin 
Valley protested against such diversion water from the Sierra Nevada 
water-shed for the irrigation other regions, this feature the project 
was abandoned, and the initial pipe lines were reduced sizes adequate for 
the domestic water supply, but have not been finally determined, definite 
plans for the formation Metropolitan Water District have not been 
developed. 

Another important departure from the former plans the program 
for power development. The intention was that the construction hydro- 
plants should follow the completion the first aqueduct unit de- 
livering Tuolumne River water San Francisco. The local sources the 
Spring Valley water supply, however, are capable further development 
which will meet the needs the city for least ten years come, therefore 
making the immediate delivery Hetch Hetchy water unnecessary. the 
other hand, development vital importance the in- 
dustries California, and for many years the market will absorb new power 
fast can made available. the advantage San Francisco, 
therefore, begin soon possible generate the power which by- 
product the water development, that the revenue from power sales can 
used pay interest and redemption charges bonds, reducing the burden 
carried the taxpayers the water project. further and equally 
important reason for concentrating energy the completion the power 
project that the water will thus put beneficial use and the water rights 
the city thereby guarded. 


GENERAL CONSTRUCTION 


The following general program construction therefore has been adopted. 
The Hetch Hetchy Dam built about three-fourths its ulti- 
mate height and thus develop about 60% the ultimate reservoir capacity; 
the aqueduct between Early Intake and Moccasin Creek completed, 
and the power plant Moccasin Creek constructed, order begin 
generating electric power the earliest possible date. expected that 
the power plant will regular operation before the end 1923. 

23-mile section the aqueduct built between Alameda Creek and 
the Crystal Springs Reservoir the Spring Valley System, and will probably 
completed sometime 1924. This will make available, without duplication 
aqueducts, the additional Spring Valley water previously mentioned, and, 
later, will carry Hetch Hetchy water. 


Engineering News, December 26th, 1912, pp. 
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Construction the remaining parts the aqueduct will follow time 
have Hetch Hetchy water ready for delivery when the demand has absorbed 
the additional available supply from Spring Valley sources, but will deferred, 
course, long prudence will permit, order minimize the financial 
burden. 

Other units the project will built required, keep pace with 
increasing demands for water and power. 


GENERAL DESCRIPTION THE PROJECT 


Maps.—The location and condensed profile the Hetch Hetchy System, 
from the water-sheds the receiving reservoir San Francisco, are shown 
Plate The region from the Hetch Hetchy and Lake Eleanor Reservoirs 
the head-works the main aqueduct shown detail Plate IV, and the 
location that part the main aqueduct now under construction appears 
Fig. 
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Water-Sheds—The water-shed area tributary the city’s proposed 
impounding reservoirs the head-waters the Tuolumne River, covers 652 
sq. miles the high mountain region just west the main ridge the 
Sierra Nevada. Its elevation above sea level ranges from ft. Hetch 
Hetchy Dam 13090 ft. Mount Lyell, 92% the area being above 
Elevation 6000. There are permanent habitations, and the Congressional 
grant fixes sanitary regulations prevent contamination the water 
summer camping parties. 


ire ES \ 
ey Ae ] 
1 9 1 2 3 


= 


Hydraulic Grade Line 


Development 


Miles from San Mateo County Line 


6 Stanislaus 


Drournens 


7 \ 

Wawona 


GENERAL 
HETCH 
THE 

SAN FRAN 


All elevations refe 
approximately 
feet 


at & 
\ \ 


4 
‘3 
RSS 


1.8 Mi, 


80 90 100 110 120 130 
Mateo County Line 


Stanislaus 


® 


O 
Bellota Milton 
Knights Ferry L.., N 


Manteca 


> 


Merced Falls, 
HETCH 
THE 
SAN FRANC 


All elevations refer 
approximately 1.2 
feet 


1 


PLATE 
PAPERS, AM. SOC. 
FEBRUARY, 1922. 
O’SHAUGHNESSY 
CONSTRUCTION PROGRESS 
HETCH HETCHY WATER SUPPLY. 


Present Flow Line El, 4660 
Capacity 8.2 billion gals, 
Future Flow Line El. 
Capacity 54 billion gals, 


Reservoir 
18 billion gals. 


Hetch Heichy 
Reservoir 
113 billion gals, 


Water released from H.H. Res, will 

flow in river to Early Intake until demand 
for power warrants construction of 
Canyon Division of aqueduct 

Lower Cherry Aqueduct 

Future Power Plants 

Temporary Power Plants 

(Lower Cherry) 88300 K.W, 


160 170 180 


Power Plant 


RAL MAP AND PROFILE 
WATER SUPPLY 


THE CITY AND COUNTY 
FRANCISCO, CALIFORNIA 
SCALE OF MILES 


refer Hetch Hetchy Datum which 
ximately 1.25 feet above Datum and 
feet above S.F. City Datum 


: 


Papers.] CONSTRUCTION PROGRESS HETCH HETCHY WATER SUPPLY 151 


The Hetch Hetchy and Lake Eleanor water-sheds, 459 and sq. miles, 
respectively, lie within Yosemite National Park. Yosemite Valley miles 
southeast Hetch Hetchy, the drainage basin the Merced River, and 
not affected the water development. 

Cherry Creek made tributary Lake Eleanor through diversion 
canal and tunnel. (Plate IV.) Its water-shed lies the Stanislaus National 
Forest, and covers 114 sq. miles. 

Hetchy Reservoir, the elevation which ft. 
the original stream level, will have total capacity, with depth 300 
ft. the dam, 113500000000 gal., 348000 acre-ft. the initial 
development, however, the depth the dam will 220 ft., storing 

000 000 000 gal., 206 000 acre-ft. 

Lake Eleanor, Elevation 600, storage 200 000 000 gal., 300 
acre-ft., has already been developed connection with the construction power 
plant described later. The ultimate capacity this site been 
tentatively fixed 000 gal., 166 000 

Other reservoirs which may developed later are: Cherry Valley, 
000 gal.; Poopenaut Valley, 10000000000 gal.; Lake Vernon, 
000 gal.; Huckleberry Lake, 17000000000 gal., and Emigrant 
Lake, 600 000 000 gal. 

The Aqueduct the the initial development, the 
water released from Hetch Hetchy Reservoir flows twelve miles down the 
Tuolumne River diversion dam Early Intake. (Plate IV.) The fall 
the river this distance 1160 ft., and later will utilized for power 
development, means tunnel aqueduct the granite canyon wall, 
the south side Tuolumne River. 

The North Mountain order develop the full power 
possibilities Lake Eleanor, 8-mile aqueduct, with capacity 200 
constructed, leading from the Lake power drop which 
head 2100 ft. will available. (Plate IV.) This power unit will 
capable generating continuously about 25000 kw. The water will 
discharged into the Tuolumne River above the Early Intake diversion. 

The Mountain Division the Aqueduct—The aqueduct now under 
construction begins Early Intake. From the diversion dam 
that point there will mile open canal with settling chambers, thence 
the water will conducted through 18.3 miles tunnel, discharging into 
the regulating forebay reservoir Priest. This tunnel and all other tunnels 
the main aqueduct are placed below the hydraulic grade line order 
operate under light pressure head. 

The Priest Reservoir will receive water the rate 400000000 gal. 
daily (619 cu. ft. per sec.), but will discharge varying rates required’ 
the fluctuating load conditions the power plant Moccasin Creek. 
The reservoir will formed earth and rock-fill dam 145 ft. high, with 
core wall. Its capacity will 2500 acre-ft., days’ flow the 
aqueduct. 
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outlet tunnel, 1.3 miles long, will lead from this reservoir through 
ridge head the steel pressure pipe lines, each 4700 ft. length, 
which will supply the power plant Moccasin Creek. 

The Moccasin Creek Power power plant will have 24-hour 
average capacity 70000 The maximum static head will 1315 
ft. The initial installation will three generating units, driven 
double-overhung impulse water wheels. 

Since the topography does not permit the construction forebay reser- 
voirs above the other power plants the System, these plants will 
operated load factor 100%, the ultimate development, and the 
entire system will regulated Moccasin Creek, more generating units 
being added care for peak loads; hence, the necessity for the unusually 
large forebay capacity provided the Priest Reservoir. 

The general layout for this plant was determined 1914 after consultation 
with board composed the following engineers, Baum, Am. 
Soe. E., Professor William Durand, and John Galloway, Am. 

The Foot-Hill Division—The aqueduct running west from Creek 
(Plate will constructed, when becomes necessary supplement the 
Spring Valley water supply with water from Hetch Hetchy, and will begin 
the tail-race reservoir from the power plant Moccasin Creek, Elevation 
900. This reservoir will receive the water from the plant and regulate the flow 
through the aqueduct, which tunnel and extends about miles Oakdale 
Portal, the foot-hills east the San Joaquin Valley. 

The tunnels far mentioned are designed for flow 400000000 gal. 
per day, except the outlet tunnel from the Priest Reservoir, which made 
larger order avoid excessive loss head the time peak load 
the power plant. 

The San Joaquin Valley Pipe Line—From Oakdale Portal, steel pipe 
lines will extend across the San Joaquin Valley, miles Tesla Portal. 
(Plate III.) The capacity the first these lines will depend the develop- 
ment the Metropolitan District, but not likely less than 000 
gal. per day. The final stage the project will probably call for three lines 
nearly ft. diameter, each carrying 133 gal. per day. These pipes 
will subjected heads varying from 450 540 ft. for 70% their length. 

Coast Range Tunnel—From Tesla Portal tunnel will penetrate the 
Coast Range, distance miles, Irvington Gate House, few miles 
east San Francisco Bay. Here, the aqueduct will divide serve the three 
main divisions the Metropolitan. Area; the principal branch will extend 
westerly the San Francisco Peninsula, another, northwesterly the East 
Bay cities, and the third southward San Jose. 

the crossing Alameda Creek, few miles east Irvington Gate 
House, the waters the near-by Calaveras Reservoir the Spring Valley 
System will taken into the Hetch Hetchy Aqueduct. 

The Bay Crossing Pipe supply the San Francisco Peninsula, 
ultimate capacity 200 000 000 gal. per day planned. 
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Continuing west from Irvington, more than miles pipe line are 
required crossing the low land adjacent San Francisco Bay the high 
ground the Peninsula west the Bay. The initial line will probably have 
30000000 gal. per day, and will used first carry the 
additional supply from the Spring Valley sources, for which purpose pumping 
must resorted to, the Spring Valley Conduit, which delivers water near 
Irvington, below the hydraulic grade line the proposed Hetch 
Hetchy Conduit. 

The head the pipe will range from 300 365 ft. for miles 
its length and where the navigable channel the Bay crossed, special 
construction must used, the type which, for the full development the 
aqueduct, has not yet been determined. the initial stage submerged 
pipe with ball and socket joints will probably used. 

This connection ultimately will require three parallel pipe lines, each 
more than ft. diameter. The division terminates tunnel portal near 
Redwood City, called the Redwood Portal. 

Connection the Spring Valley System and San 
preliminary plans the aqueduct from Redwood Portal the receiving 
reservoir San Francisco, distance miles, call for tunnel ft. 
diameter, broken two places siphons which total miles length. 

The Crystal Springs Reservoir and two other reservoirs the Spring 
Valley System lie near the aqueduct this division. For the first stage 
development, planned construct about three miles tunnel from 
Redwood Portal and establish connection Crystal Springs Reservoir, the 
capacity which 000 000 000 gal. The additional Spring Valiey supply 
from Alameda Creek will then become available San without 
further conduit construction being necessary for few years, since the 
existing pipe lines the Spring Valley System between Crystal Springs and 
San Francisco, with their booster pumps, are capable furnishing more 
water than now available that System. 

Receiving Reservoir San Francisco.—The Hetch Hetchy Aqueduct will 
terminate San Francisco the proposed Amazon Receiving and Dis- 
tributing Reservoir, which have capacity about 000 gal. Its 
high-water elevation will 248 ft. above sea level. From this elevation, 
about half the supply can distributed without pumping. Delivery 
gravity higher elevation would unduly increase the cost the aqueduct 
and would prevent the use the Crystal Springs Reservoir connection 
with the Hetch Hetchy supply. 

Relation the Spring and Hetch Hetchy Systems.—It the settled 
policy the City Government acquire all properties the Spring Valley 
Water Company that are permanent value for water supply purposes, and 
the plans for the Hetch Hetchy development provide for connections 
co-ordinate the two systems and avoid the waste duplication structures. 
The distant supply would thus combined with local system which affords 
large storage for the waters from the distant source and which itself 
source supply. 
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The proposition purchase the local system has been made the subject 
three elections, and has.received affirmative majority vote each time, 
but not the two-thirds majority necessary under the City Charter for consum- 
mation purchase approval bond issue. 


ORGANIZATION AND FIELD 


The Hetch Hetchy water supply under the jurisdiction the Depart- 
ment Public Works San The City Engineer Chief Engi- 
neer the Hetch Hetchy Project. His Principal Assistant directs all activi- 
ties, and the headquarters engineering work carried out branch the 
City Engineer’s office. the field, two construction engineers report directly 
the Project Engineer; one located Groveland and the other Hetch 
Hetchy. 

The general headquarters the construction work the mountains are 
located Groveland, miles the City’s Railroad from Hetch Hetchy 
Junction and miles from Hetch Hetchy Valley. The Construction 
Engineer Groveland has charge the aqueduct work and also Superin- 
tendent the Hetch Hetchy Railroad. The Construction Engineer Hetch 
Hetchy supervises the work the Hetch Hetchy Dam and Reservoir and 
Lake Eleanor, and the operation the Mather saw-mill. 

Hospital City has provided completely equipped hospital 
located Groveland. The contractors are required either avail themselves 
the city’s medical service for their employees, paying the city fixed 
amount per employee per month, provide similar facilities their 
own expense. 

Shops.—The City’s machine shops and repair shop Groveland handle 
practically all repairs connection with the railroad operation and aqueduct 


construction, including heavy locomotive work. Several complete railway 


cars have been constructed these shops. 


DESCRIPTION CONSTRUCTION COMPLETED AND PROGRESS 


Following the general program already outlined, all construction activities 
thus far undertaken have been concentrated the Sierra Nevada region 
between Lake Eleanor and Hetch Hetchy Reservoirs and Hetch Hetchy Rail- 
road Junction, distance miles. 

Immediately after the President signed the Hetch Hetchy grant, work was 
begun open transportation facilities the mountains. Pending the 
construction railroad, the existing roads were improved and relocated, 
and additional roads were built Hetch Hetchy and Lake Eleanor, which 
were previously accessible only horse trails. 

give access Hetch Hetchy Valley, the miles railroad grade from 
Mather was rushed completion 1914, while surveys for the remainder 
the line were still progress. Most the heavy hauling over the miles 


road from Chinese, the nearest railroad station, Hetch Hetchy, was 


done under contract motor trucks, from cents per ton-mile, the 
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rate depending mainly the condition the roads. For four months the 
year, heavy hauling was prevented the impassable condition the dirt 
roads. 


All construction supplies are now transported Oakdale (Plate III) the 
Southern Pacific Santa Lines, and are there transferred the Sierra 
Railway California. Hetch Hetchy Junction, the initial point the city’s 
railroad, miles from Oakdale, the Sierra Railway. The Hetch Hetchy 
Railroad extends miles easterly from the junction the construction camp 
Hetch Hetchy Dam, known the station name Damsite. The air-line 
distance between the termini about miles. 

The railroad serves the working points the thirty miles main aqueduct 
east the Sierra Railway, the power development Moccasin Creek, and 
the City’s saw-mill, some directly, others through short spur-tracks, tramways, 
motor-truck hauls. 

The Hetch Hetchy Railroad was constructed under two contracts, one 
let 1914, covering the grading the miles from Mather Hetch 
the other was out 1916 and 1917, covering all grading, track work, 
and other construction necessary complete the railroad from Hetch Hetchy 
Junction Damsite. 


temporary power plant located Early Intake generates electric power 
for all the construction work from the Hetch Hetchy Dam Moccasin Creek. 
Water diverted from Cherry River into conduit, miles long, which has 

There are three horizontal Pelton-Francis turbines, each designed 
operate 720 rev. per min., and develop 1500 p., under maximum head 
345.5 ft. The generators which are direct connected the turbines, are 
300-volt, 3-phase, 60-cycle machines, each rated capacity 1000 kva., 
with direct-connected exciters. 

Two transmission lines conduct the power the construction work. One 
line extends 14.5 miles east the Hetch Hetchy Dam, and the other miles 
west along the main aqueduct line Priest, with 2-mile branch Grove- 
land. 

insure sufficient water operate the plant over the dry season, when 
the natural flow the Cherry River shrinks almost nothing, the Lake 
Eleanor Dam, described subsequently this paper, was built. 


Dam 


The Hetchy Dam being constructed two installments. Some 
the principal dimensions the initial and the ultimate stages are given 
Table The initial dam now under construction under contract 
awarded August, 1919, the Utah Construction Company. 


\ 
q i 
q 
7 
| 
7 
q 
7 
q 
q 
q 
q 
| 
é 
| 


156 CONSTRUCTION PROGRESS HETCH HETCHY WATER SUPPLY [Papers. 


ELEANOR. 


Initial. Ultimate.| Present. Ultimate. 


Area water-shed, square miles 
Capacity reservoir: 
acre-feet 
Water surface area, square miles 
Elevation roadway dam, feet 
Elevation spillway crest, feet 
Length reservoir, miles 
Width reservoir, maximum, miles 
Width reservoir, average, miles 
Depth reservoir from spillway crest 
Maximum, feet 
Average, feet 
Dam: 
Concrete, gravity sec- 
arch. 


ng. 

Total length crest, feet 600 900 260 750 
Height crest above stream level, feet 812 185 
Depth from stream level bed-rock, toe 

am, maximum, feet. 101 
Total height dam, above bed-rock, feet 
Width top, feet 
Width base, maximum. feet 310 
Volume masonry, cubic yards 660 000 

Channel 
dam. 


oone 


concrete with con- 


Rock-fill 
buttressed fac- 


Includes Cherry Creek water-shed above proposed diversion. 


Lake Eleanor depths and capacities not include original lake, which not avail- 
able for draft. 


With flash-boards place; ft. without flash-boards. 

The addition necessary bring the dam its ultimate height and 
thickness will made when the demands for water for electric power 
justify it. The present construction includes all work below stream level 
necessary for the ultimate structure. 

dam the gravity type, arched plan, with the 
radius the up-stream face the crest 700 ft. The cross-section, the 
maximum section, shown Fig. 

Most the dam will concrete embedded with large stones. 
For the concrete against the foundation, the cut-off trench, the up-stream 
face, and the down-stream face the spillway section, mixture 
used give greater impermeability. 

The limiting working stresses the design were follows: 


Pressure normal joint, up-stream toe: 
Reservoir empty tons per ft. 

Maximum pressure section, under worst combination 
conditions and lasting for comparatively short 


tension was permitted the concrete. each joint, upward water 
pressure was considered acting the up-stream face with intensity 
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two-thirds the total hydrostatic head and diminishing uniformly zero 
the down-stream face. the foundation joint, upward pressure two- 
thirds the hydro-static head due the back-water was also considered. 

The dam penetrated system inspection tunnels, inspection 
wells, and drainage wells. The inspection wells will lined with dense 
blocks and equipped with ladders. The drainage wells will 
porous concrete blocks and will in. square. 


Leet of Dam Rad. 700 ft, 


Elev. 3812, _ in 


Dam now under construction shown 
hatched; ultimate extension indicated 
3726.5 
Spillway 3700 


Inepbgtion Tunnel 


Guide Wall between sections 
Spillway 


Original stream 
bed Elev. 3500 


Elev. of lowesth\> This line is the projection upon a radial plane, 
point in foundation of the line of maximum depth. 


Radial contraction joints, sealed bent copper water-stops, are provided 
intervals about 100 ft., measured along the up-stream face. Each con- 
traction joint bisects inspection well. The crest the dam will used 
roadway, both the initial and ultimate developments. The stresses 
the typical dam section were checked Charles Wing, Am. 

ultimate dam will have spillway the weir type, with 
channel carry the waste water around one end the dam. siphon 
spillway has been adopted for the initial dam, and will eighteen sections, 
staggered elevation obviate vacuum effects, with total length clear 
openings 180 ft. in. section will ft. high the entrance, 
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tapering ft. the crest the siphon, and will have two air vents, each 
in. 

Outlet will twelve outlet conduits, six which will 
each ft. diameter, and arranged pairs three levels. These will 
discharge water (in quantities 3000 which under certain condi- 
tions river flow permitted pass the dam for the use irrigation districts 
the lower reaches the Tuolumne River. Each the other six outlets 
will ft. in. diameter, two groups three, and will discharge the 
water for the city supply. The smaller outlets will ultimately discharge 
directly into the aqueduct tunnel constructed connection with the 
future power development Early Intake, whereas the water for irrigation 
may flow directly down the bed the river. 

The discharge each conduit will regulated balanced needle-valves 
with the Larner-Johnson type control. the entrance the conduit, 
there will slide-gate with hydraulic cylinder operation. heavy rein- 
forced concrete shutter may lowered through slot the wall the outlet 
structure close the opening the up-stream side the slide-gate, thus 
providing access the gate for inspection repairs. 


Excavation the bed-rock foundation the Hetch Dam was 
completed August, 1921, and immediately afterward the pouring the 
concrete was commenced. the intention pour nearly 400000 cu. yd. 

Stream Control—The maximum measured flood flow the Tuolumne 
River the dam site, during the ten years for which records are available, 
was sec-ft., and the stream-control works were planned for approxi- 
mately that quantity water. 

The river by-passed around the dam site through tunnel, ft. wide, 
ft. high, and 900 ft. long. The lower group three ft. 6-in. outlet 
conduits will placed later this tunnel. 

The diversion dam rock-filled crib, 321 ft. long, 12-in. timbers. 
The up-stream face sheathed with double layer 2-in. plank, with layer 
tarred burlap between. maximum head ft. over the top the 
tunnel was provided dispose the flood waters. This structure was 
designed Barlow, Am. E., Consulting Engineer for the 
Utah Construction Company. 

dam was built just stream from the lower portal the 
diversion tunnel, prevent water discharged through the tunnel from backing 
into the dam site. This dam was founded boulders and gravel, 
and ft. long top. Its foundation was grouted secure water- 
tightness. 

Excavation for steam shovel was used for the greater 
part the excavation the dam site, loading directly into dump cars. (Fig. 
3.) When the space became too cramped permit steam-shovel operation, 
the final 000 yd. was loaded into the skips hand. The skips were emptied 
into trains running trestles along the north and south walls the gorge. 
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HETCHY DAM VIEW LOOKING DOWN STREAM. EXCAVATION 
PRACTICALLY COMPLETED. 
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(Fig. 4.) The total excavation for foundations was 165 000 cu. yd., which 
100 000 cu. yd. was solid rock. The trains dumped the material the floor 
the valley, and much the dumped rock will used for aggre- 
gate. rock fragments and boulders were placed derricks conve- 
nient corners and ledges for storage until required for plums the cyclopean 
masonry. The lowest point the foundation 113 ft. below the original 
stream bed. 

Nearly all the surface rock the foundation above the stream level was 
removed, leaving newly broken granite surface receive the concrete, but 
below that level, where the rock had not been exposed weathering, the 
trimming covers much smaller proportion the whole surface. The under- 
lying formation very tight. The foundation below the former stream level 
being prepared receive the concrete, largely sand blasting which 
removes scale and soft pits satisfactorily and roughens the polished surfaces. 
Loose sand and dust are removed washing and brushing with wire brushes. 
more detailed description the methods stream control and excavation 
has already been published.* 

Concrete Plant.—Bulk cement delivered box siding just 
above the dam site, and unloaded into hopper means scraper 
drawn motor-driven hoist. Screw conveyors carry from the 
hopper storage bunker which has capacity 000 bbl., and two similar 
conveyors extend from the bunker the weighing house, which are two 
weighing machines. The machines discharge gravity through 
8-in. pipes the two 2-yd. mixers. 

The rock crushers and sand pits are located the valley. The rock and 
sand are hauled narrow-gauge railway bunkers near the work, and 
lifted belt conveyors into bunkers above the mixers. These bunkers 
discharge gravity into the measuring boxes and thence the mixers. 

The elevator tower built just stream from the up-stream face the 
dam, the former stream bed level. timber structure, 180 ft. high, 
with four hoists. The concrete distributed through steel chutes. 

Contract contract for the construction the Hetch Hetchy 
Dam was awarded August 1919, the Utah Construction Company, 
total estimated price The principal items are given 
Table 


TABLE 


Approximate 
Excavation dam foundation. 
cubic yards. Below original Above original 

stream bed. stream bed. 


Earth and rock 

Solid rock 

Cyclopean masonry, concrete with 
east 10% 


Engineering News-Record, August 11th, 1921, 222. 
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Lake Dam 


Lake Eleanor ultimately the second largest reservoir the Hetch 
Hetchy System. order provide storage carry the Early Intake power 
plant the Lower Cherry Development over the annual low-water season, 
low dam was constructed the site the future high dam, and will form 
the up-stream toe the future structure. Characteristics the Lake Eleanor 
development are given Table 

The topography the site necessitated rather long structure, but other 
conditions were unusually favorable. The bed-rock was exposed throughout, 
sand and gravel deposits lay close hand, and form lumber was manufactured 
near the work. 

Design the Dam.—Speed construction, with minimum transport 
material, was essential impound sufficient water operate the power plant 
during the dry season 1918. These considerations led the choice 
dam the buttressed arch type. 

The completed structure ft. long, the maximum height being 
ft. above the stream bed. The maximum depth water the up-stream 
face ft. The dam contains 11640 cu. yd. concrete and 262000 
reinforcing steel. There are twenty arches 40-ft. span and 460 ft. 
gravity wall. this wall, 200 ft. constructed spillway, with removable 
flash-boards. log chute also provided this section. Over the dam 
reinforced concrete slab roadway, ft. wide, with galvanized-iron railings. 

The stored water withdrawn through two 24-in. sluice valves, placed 
the face the dam. addition, two 24-in. scouring valves are placed 
the bottom the dam. 

The face the arch inclined angle 50° from the horizontal, 
except the upper ft., which vertical. The radius the arch barrel 
ft. the horizontal section. The thickness normal the face about ft. 
the bottom and in. the top. unusual feature the design 
that the horizontal section the arch, and not the normal section, 
circular 

The dam was designed under the writer’s direction 
Hydraulic Engineer, assisted Wood, Structural Engineer. Lars 
Jorgensen, Am. Soc. E., Consulting Engineer, and Nishkian, 
Assoc. Am. E., Structural Engineer, also collaborated. The 
analysis the principles the design has been given paper Mr. 

Construction the Lake Eleanor Dam.—Construction was out 
day labor. Excavation the foundation was commenced September 
1st, 1917, and continued completion with the use hand derricks; The 
foundations for the arches and buttresses vary from ft. depth below 
the surface. 

Form work followed the excavation closely and concrete pouring the 
footings was started November 4th, 1917. The endeavor was build the 
dam height, before heavy snowfall, sufficient enable construction 


Engineering News-Record, September 4th, 1919, 464. 
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proceed the following spring without interference from the anticipated 
flood waters. Concrete pouring was continued until December 22d, 1917, and 
six temporary openings were left the face the dam through 
which floods could pass. December 22d, 1917, until April 22d, 1918, 
all work was shut down. 

the sand and gravel pits, traps were built sufficient height permit 
the installation screens and the loading trucks gravity. The sand 
and gravel were delivered large bunkers, slightly higher than the crest 
the dam. Under the bunkers, narrow-gauge side-dump cars were operated 
gravity mixer the crest the dam. The mixer discharged 
into 1-yd. cars which were handled and from the concrete- 
placing chutes endless cables, operated single-drum steam hoisting 
engines. 

The arch forms were carried sections about ft. height. Trestle 
work support the forms was raised bents ft. height, the work 
progressed, point ft. above the floor-slab. 

The up-stream face the dam was finished with coat gunite. The 


was completed late 1918, but had already been put use for storage 


water operate the Lower Cherry Power Plant. The entire cost the 
structure was about $320 000, including the cost 12-mile wagon road from 
Hetch Hetchy, which was $28 000. 

The reservoir capacity, which about 300 acre-ft., only small part 
the annual run-off from the Lake Eleanor water-shed, and the reservoir 
filled each year early the flood season. 


Tue TUNNEL 


Construction work well advanced the 18.3 miles main aqueduct 
tunnel between Early Intake and the regulating reservoir Priest. This 
tunnel 400 000 000 gal. per day, 619 cu. ft. per the ultimate 
development the Hetch Hetchy Project. 

The easterly miles through very hard, sound granite and granodiorite, 
and left unlined except few points where seams have been encoun- 
tered. 

The greater part the remaining miles slate formation, with 
its strike generally angle less than 45° from the tunnel line, and 
with very steep angles dip. The rock, general, stands well, only occa- 
sional short stretches requiring timbering, but blocky and seamy, giving 
large overbreak. Concrete lining minimum thickness in. will 
used throughout this section. the external pressure due heavy 
ground water requires it, the lining must strengthened resist such. 
pressure, increasing the thickness concrete, the use steel 
reinforcement, both. The standard lined section shown Fig. has the 
following 


Area inside prescribed line, square feet............ 
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Excavation inside prescribed line, cubic yards per linear 


inside prescribed line, yards per linear 


Perimeter, inner side lining (p), 
Hydraulic Elements: 


Coefficient roughness Kutter’s formula (n)...... 0.014 
Velocity water 8), feet per second......... 7.04 


Quantity water flowing Av), feet per second. 


The standard unlined tunnel section shown Fig. has the following 
Cross-sectional area inside prescribed line, square feet.. 167.8 
Excavation inside prescribed line, yards per linear 
Hydraulic Elements: 


Velocity water 8), feet per second........ 3.69 


Quantity water flowing Av), cubic feet per second. 619 


The Hazen-Williams formula, using 485, gives the same values for 
and 


Description the Tunnel tunnel divided river canyon 
into eleven sections, seven adits, and two shafts. (Fig. 1.) For convenience, 
each section has been given number separate tunnel. adit 
named the numbers the two tunnels which connects. The distances 
between points access are given Table 

Tunnel No. penetrates ridge the summit which ft. above 
the tunnel grade, between the main Tuolumne River and its South Fork. The 
latter stream will spanned reinforced concrete structure. 
Tunnel No. being excavated from both portals. 

The line thence follows along the south wall the river canyon Adit 
8-9, and from the surface only far enough assure sound rock and 
sufficient cover all points resist the internal hydrostatic pressure. The 
work this distance being from the west South Fork portal 


and Adits 5-6 The other five adits will used only for 
and dumping. 
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Adit 8-9, the river turns sharply the north. The aqueduct, leaving 
the canyon, continues miles westerly, average depth about 1000 ft. 
below the surface, Priest Portal. This section broken two shafts, 
and will lined throughout with concrete. Excavation progressing 
both directions Shaft No. and easterly from Priest Portal. present, 
Shaft No. only 65% completed. 


Untimbered Section Timbered Section 


“Neat Line” Prescribed 


extend not more than not prescribed, but 


Standard thickness 


Lagging used 
where necessary. 


STANDARD LINED TUNNEL 
MAIN AQUEDUCT— MOUNTAIN DIVISION 


“Prescribed 
will permitted 
this 


MAIN MOUNTAIN DIVISION 
STANDARD UNLINED TUNNEL 


Tunnel lining will not commenced any heading until the completion 
the excavation the heading, order avoid interference operations. 
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Point access. Length, feet. Length, miles. 


Early Intake Portal. 
South Fork Portal. 
Adit 2-3. 

Adit 3-4. 

Adit 4-5. 

Adit 5-6. 

Adit 6-7. 

Adit 7-8. 

Adit 8-9. 

Shaft 

Shaft 

Priest Portal. 


Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 
Tunnel No. 


Tunnel No. 


August, 1917, bids were received for con- 
structing the aqueduct tunnel from Early Intake Priest Reservoir, but 
were rejected excessive. Since was improbable that better bids could 
secured re-advertising during the period the World War, under the 
uncertain conditions then existing labor and material costs and financing, 
the work was taken day labor. This system proved economical, and 
would have been continued but for the ever-increasing difficulties financing. 

Bids were again received April, 1920. The cost records and other 
information gained during the previous two years were made available 
prospective bidders. 

Although has always been, and still is, the policy the City award 
contracts for construction the definite unit price basis, the advantages 
the cost-plus-fee form contract, under the abnormal conditions then pre- 
vailing, led alternative bids being sought under both the unit price and 
cost-plus-fee plans. 

The total the guaranteed maximum costs work under the cost-plus-fee 
form contract proved nearly 20% less than the flat unit price basis. 
Accordingly, the contract was awarded the cost-plus-fee basis. 

this contract, the contractor guarantees that the costs the respective 
items the work will not exceed the unit prices fixed his bid maximum 
unit costs. not made fully responsible for excess over these maximum 
costs, but only penalized the extent part his fee, which, however, 
amounts sufficient sum give him lively interest holding down costs. 

The total fee fixed sum. part payable the beginning each 
year the life the contract, cover the expense financing the year’s 
work. The remainder payable quarterly installments. each quarterly 


0.570 
164 0.410 
785 0.527 
0.826 
676 
0.940 
472 
489 3.880 
q 


Papers.] CONSTRUCTION PROGRESS HETCH HETCHY WATER SUPPLY 171 


installment, 25% retained the City until the termination the contract, 
and the accumulation these retentions the maximum sum that the 
contractor forfeit the costs exceed the guaranteed maxima. 

Detailed cost records are kept the City’s accounting force, and the con- 
tractor has the right examine these records any time. The determination 
costs under the contract items, for comparison with the guaranties, 
made annually. General costs not directly chargeable particular items, 
and the fee itself, will apportioned pro rata the items. The legality 
this form contract was questioned taxpayer’s suit, and was affirmed 
the Supreme Court the State California. 

The total the guaranteed maximum prices under the contract, 
awarded, was The guaranteed maximum costs per foot average 
about $67.50 for unlined and $82.50 for lined tunnel. 

Tunnel Excavation Methods and Equipment.—In all the tunnels the 
“round” covers the entire face. The spacing and pointing the holes varies 
somewhat the different headings, partly because the differences for- 
mation, and partly because better results are obtained allowing some latitude 
the foreman each tunnel camp. Fig. shows the drilling diagram for 
the two South Fork headings which are hard, fine-grained granodiorite. 
Here, forty-two holes are used, and are shot six stages means delay- 
action electric exploders. 

After shooting, the muck cleared from the upper half the face, holes 
are drilled the side-walls, and staging constructed, supported bars 
inserted the side-holes. Drilling the upper half then proceeds simultane- 
ously with the mucking. Mucking machines are used all headings, and 
and 5-ton electric storage battery locomotives are used haul the muck 
trains. 

The rate progress excavation from 300 more than 700 ft. per 
month, varying according the formation. The record for one month, 776 
was made August, 1921, the Priest Heading (west end Tunnel 
No. 11). This heading altered slate and schist, and being driven 
according the standard section shown Fig. working three shifts, and 
drilling holes per round. The excavation August 31st, 1921, totaled 
37273 ft. for the ten headings which work now progress. 

The men are working under bonus system, under which they receive 
extra pay proportion the excess the average progress over predeter- 
mined standard rate progress per shift. The bonus, however, subject 
deduction the pay-roll, powder expense, and (in tunnels which are 
lined) the estimated cost concrete required fill overbreak, exceed cer- 
tain fixed amounts per foot tunnel. 

Shafts—The two shafts are alike design. Each has three compart- 
ments: Two hoisting compartments each ft. inside timbers, 
and manway, ft. which the ladders and pipes 
The manway has been found too small for convenience. Self-dumping 
skips with capacities cu. ft. are used. 

Arrangements Bottom Shaft No. 1—At Big Creek, the tunnel level 
575 ft. below the collar the shaft. The shaft extends ft. farther down, 
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making the total depth 646 ft. The muck from the headings dumped into 
rock pocket with capacity cu. ft., about ft. deep. the bottom 
the rock pocket, there are two pneumatic cylinder-operated gates through 
which the muck can discharged into either hoisting compartment the 
shaft. These gates are operated attendant the level the skip 
landing, and the usual time loading skip sec. the same level 
the pumping station, for which the lowest ft. shaft the sump. 


Note:- Holes are shown 
first relievers but may given additional 
angle drilling and made into cut holes 
when required hard rock. When required 
additional hole placed between holes 
and shape roof, 

the transverse section, the figures 
circles are the numbers the holes, and the 
firing order, rotation the delay exploders, 
shown the figures outside the circles, 

The South Fork headings are hard, 
close-grained 


w 
(4) < 


4 


TRANSVERSE SECTION LONGITUDINAL 
MAIN AQUEDUCT MOUNTAIN DIVISION 


DRILLING DIAGRAM SOUTH FORK HEADINGS 
Fie. 10. 


The neat tunnel section being driven from this shaft ft. in. wide, 
outside the lining. the shaft, widened out ft. for length 
120 and two three recesses are also provided, giving space for charging 
the storage battery locomotives and for storing and repairing locomotives, cars, 
mucking machines, other equipment which too bulky hoisted con- 
veniently the surface. 
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CoMPLETED THE PRESENT TIME 


The principal achievements the project thus far include: Purchase 
reservoir lands, water rights, rights way for the Hetch Hetchy Railroad 
and for the main aqueduct the Sierra Nevada, and lands for the Groveland 
Headquarters and Moccasin Creek Power Plant; construction the Hetch 
Hetchy Railroad and purchase rolling stock; construction the Lake 
Eleanor Dam; construction the Lower Cherry Power System, including 
aqueduct, power plant, and 334 miles transmission 
lines; miles main aqueduct tunnels have been excavated; the Hetch 
Hetchy Dam site, excavation foundations has been completed and the 
pouring concrete has been begun; and the outlet valves for the Hetch 
Hetchy Dam have been constructed. 

The expenditures the present time total about 000. The number 
employees the construction work the entire project averaged about 
1377, during the fall 1921. 

The Engineering Staff the Hetch Hetchy Development includes the 
writer who Chief Engineer, and Eckart, Am. E., Engineer, 
Hetch Hetchy Project. The City Office staff includes Leslie Stocker, 
Am. E., Assistant Engineer; McIntosh, Hydraulic Engineer; 
Wood, Structural Engineer; Paul Ost, Electrical Engineer; and, 
Edwards Jones, Mechanical Engineer. the Construction Staff are: 
Rankin, Am. Soe. E., Construction Engineer, Hetch Hetchy 
Dam; and, Lloyd McAfee, Construction Engineer the Aqueduct tun- 
nels, and Superintendent the Hetch Hetchy Railroad. 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


SIPHON SPILLWAYS 


This paper relates the use the siphon for discharging water and for 
regulating the water level dam, canal. The different types 
siphons are described, and the principle their operation given. Various 
siphon spillways that have been built and are operation the United 
States, are described, together with the conditions prevailing each site, 
illustrating the uses for which the siphon may adapted. 


The siphon spillway device for discharging water dam and was 
introduced the United States the writer, the New York State Barge 
Canal, thirteen years more ago. Since the first spillways were constructed, 
numerous experiments have been made, and the siphon has been improved and 
developed, that now used for discharging volumes water far greater 
than was originally contemplated. The water discharged through closed 
conduit, which makes possible utilize the fall dam increase the 
velocity flow, and the spillway put operation slight rise the 
water level, above the dam. The action entirely automatic and priming takes 
place quickly, that the full capacity the spillway effective once. 
The fluctuation the water surface, above the normal stage, restricted 
within narrow limits. The rate discharge over dam depends the 

depth water the crest, increasing the depth increases, and hence 

overfall spillway may not have much discharge capacity until the water sur- 

face rises considerable height. Such spillway not immediately 
responsive variations the stream flow and does not closely control the 
water level. Properly designed siphons have wide range usefulness 
hydraulic developments various kinds. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may sent 
mail the Secretary. Discussion, either oral written, will published subse- 
quent number Proceedings, and, when finally closed, the papers, with discussion full, 
will published Transactions. 


Cons. Engr., Albany, 
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Although siphons were known the ancients and have been utilized for 
hundreds use was confined small tubes, inverted U-form, 
for conveying liquid over the edge vessel and delivering lower 
level; within recent times, only, that the principle has been 
applied conduits large size and capacity, for discharging water dam. 
The action depends the difference pressure the extremities the 
conduit, the flow being toward the lower level and ceasing when the levels 
coincide, when air collects the highest part the conduit. Water flows, 
gravity, from pool basin lower level, and this flow produced 
column water the height which equal the difference level 
the free water surfaces the inlet and the outlet. order pass water over 
summit the siphon, higher than the upper water surface, necessary 
utilize the air pressure the water surface. clear idea siphonic 
action may had understood that the flow due the “push” 
air the upper water surface and way due any “pull” water 
the lower leg. This fact being grasped, evident that there pos- 
sibility increasing the flow through siphon prolonging the lower leg 
below the limit. 

Normal atmospheric pressure sea level, 14.7 lb. per sq. in. 32° Fahr., 
which equivalent the pressure the foot column water 33.9 ft. 
high, and the greatest head that may utilized for producing siphonic 
flow. The decrease atmospheric pressure may taken 0.5 lb. for each 
1000 ft. above sea level, hence the head decreases, approximately, 
ft. for each 850 ft. altitude. 

Consider siphon with its inlet and its outlet submerged, shown 
Fig. The water surfaces are represented, dotted lines, being raised 
above their true levels such heights would necessary give pressures 
equal the atmospheric pressure the ends the siphon. The water 
the inlet, being under pressure, would completely fill the conduit and one can 
imagine the siphon deeply submerged. All that necessary, bring 
about such condition exhaust the air from the siphon, and rapid 
flow will take place. order that siphon may flow continuously, nec- 
essary that all parts shall lie below the grade between the raised 
upper and lower levels, shown, since any part above such hydraulic 
grade, air will accumulate and will cause back pressure against the water 
the inlet that will stop the flow. siphon that lies well below the hydraulic 
grade may receive considerable volume air without effect, other than 
lower the grade which, course, decreases the discharge. such case, the 
air carried through the siphon, along with the water, and passes out 
rapidly enters. If, however, more air admitted than the water can 
earry, the hydraulic grade drops and the flow ceases. siphon operation, 
and acting under the siphonic head less, will continue operation long 
the inlet submerged sufficient prevent the entrance air, whether 
not the outlet submerged. This due the water flowing too high 
velocity for air bubbles rise the lower leg against the outflow. The 
problem thus resolved into the devising methods for priming the siphon. 
siphon that sealed against the entrance air, will primed when 
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there sufficient flow through the conduit absorb and carry out the air 
entrapped therein. some siphons necessary that the lower leg 
sealed discharging below the lower water surface sealing basin the 
end the leg, whereas others discharge freely and are sealed jet 
water the siphon. The inlet the siphon should large, order that 
the velocity inflow will small and thereby reduce the loss head entry. 
The inlet should also placed well below the water surface, exclude float- 


Entry Velocity Head 
Entry Head 
\ 


Friction Conversion Head 


Head lost bend 


Friction Head 


Head lost bend 


ing matter which might clog the conduit. The upper leg should taper, 
gradually, from the inlet the minimum section, called the throat the 
top the lower leg. The upper bend, forming the crown, should made 
with regular curves moderate radii. The lower leg may either vertical 
inclined and, ordinarily, should uniform area throughout; the latter, 
however, not strictly necessary. The outlet should flared upward, 
that air bubbles, rising through the water while the siphon priming, may 
deflected outward. The air vent, extending from the up-stream face 
the dam the crown the siphon should located the normal water 
level and the crown the siphon should just above the normal level 
that water will spill until the water surface rises. 

Let siphon with vertical lower leg considered, shown Fig. 
The water rises above the air vent, sealing against the admission air, and 
spills through the crown the siphon, forming jet the throat that 
jumps across the lower leg. This jet makes diaphragm water which seals 
the upper part the siphon against the entrance air from below. cer- 
tain quantity air entrapped above the jet the crown the siphon and 
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this air absorbed and carried out the flowing water. not necessary 
eliminate all the air induce priming; the removal small part 
sufficient start the action. This due the fact that the pressure 
confined body air varies inversely its volume, and when part removed 
the remainder expands, losing density and pressure the process. loss 
the volume air the upper part the siphon will cause the 
water rise ft. the crown and will give substantial flow through the 
conduit. the flow increases, the capacity the water for absorbing air 
and, brief interval time, sufficient air will removed 
cause the water fill the crown the siphon and then the air, the lower 
leg will driven out. Priming takes place quickly, after the flow through 
the siphon sufficient form diaphragm sufficient thickness exclude 
air, and requires only few seconds. When the water level, above the spill- 
way, drawn down unseal the vent, air rushes into the crown 
the siphon such volume that the action broken and the flow 
abruptly ceases. 


siphon with slightly inclined lower leg and sealing basin its bot- 
tom, shown Fig. rise the water level above the dam seals the 
upper end the siphon and produces flow water through the conduit 
which fills the sealing basin and thus seals the lower end. jet water 
formed the crown the siphon which plunges into the. water- the 
sealing basin, carrying air absorbed from above, and this air carried out- 
side the conduit, before the bubbles can rise through the water. the 
previous case, priming progressive process and quickly accomplished. 

siphon with the lower leg flatter slope and also terminating 
sealing basin, shown Fig. this case, the inclination the lower leg 
does not admit jet being formed directly, and the crown, and the 
ends and the far side the lower leg, recourse had auxiliary chan- 
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nel where jets are formed, that seal the upper part the siphon. This causes 
the upper part the siphon prime and produces flow the lower leg 
which out the air and primes the lower portion. The sealing basins 
are provided with small pipes drain them water when the siphons are 
not operation, that they will not become clogged with ice cold 
weather. 
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Another type siphon, with inclined lower leg, which does not require 
sealing basin, shown Fig. this siphon, curve formed the 
plane the back-wall the lower leg, near the bottom, such that the water 
flowing through the conduit will deflected and jet will formed that 
will jump across the leg. This jet makes diaphragm water which seals 
the leg against the entrance air from below and causes the siphon 
prime. 

siphon primed auxiliary device illustrated Fig. The 
crown the main siphon entirely above the water level, and the lower leg 
terminates sealing basin. Beneath the main siphon smaller siphon 
that has perforated, horizontal pipe extending along its throat. This pipe 
connected with the crown the main siphon, branch pipes. The priming 
siphon, with its crown just above the normal water level, put operation 
slight rise the pond above the spillway and the rapid flow water 
over the perforated pipe draws air out the main siphon. The removal 
small part the air, entrapped the big siphon, causes the water rise 
and flow through the crown the latter and this produces jet that com- 
pletes the This type siphon not quick-acting,.as those pre- 
viously described, requiring few minutes get under way. 

All the previously described siphons will prime when there slight 
rise the water level above the dam, the rise varying from about in. 1.5 
ft., depending the size and type the siphon. 

Although some types siphons require submerged outlets, sealing basins 
are objectionable and should dispensed with, possible. When water rises 
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sealing basin, the air entrapped the siphon compressed, which may, 
unless relieved, retard prevent priming. Further, when priming starts there 
pulsation the flow, due air rising inside the siphon from the water 
the sealing basin and restoring part the volume previously taken 
away. The sealing basin reduces the effective head somewhat and requires 
considerable additional masonry, which increases the cost the structure. 


4- Auxiliary Priming 
Siphon 


During operation, the shell siphon under pressure, the intensity 
depending the head. The air pressure tends collapse the walls the con- 
duit but this offset, some extent, the fluid pressure within the siphon. 
with Bernouilli’s theorem, the pressure head plus the velocity 
head, any section tube under steady flow without friction, equal 
the static head the section when there flow. From this, follows 
that the internal pressure, any point siphon, equal the pressure 
the inlet less the losses pressure that occur between the inlet and the 
point question. The pressure the inlet the pressure the atmosphere 
the water surface, equivalent the hydrostatic pressure from head 
33.9 ft., plus the head water over the inlet. The internal pressure the 
crown the siphon minimum and may zero, the siphon 
under the maximum siphonic head, and such case the 
pressure will amount 2117 per sq. ft. The effective, outside 
pressure decreases almost zero the inlet and the outlet. 

The discharge siphon may expressed the following formula: 

which, 
discharge, feet per second. 
coefficient, varying from 0.6 
minimum cross-sectional area, in. 
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The total head acting siphon expended producing velocity flow 
and overcoming the resistances due entry, conversion, friction, and 
bends. This may expressed the following formula: 

which, 
velocity head. 
entry head. 
conversion head. 
friction head. 
head lost bends. 


has not been found possible derive satisfactory formula for the 
flow through siphon, that will take all these factors into account there is, 
far the writer knows, formula experimental data for determining 
the loss head bends rectangular conduits. From tests made large 
siphons, found that the loss head due bends large and approxi- 
mates that due velocity flow. Fuller’s experiments the loss head 
bends pipes indicate that this loss minimum for bends with radius 
from ft., and this possibly also holds good for siphons. Properly 
designed siphons will have efficiencies from 80%, but, for preliminary 
computations, the former figure should used. 

the velocity flow varies the square root the head, the discharge 
siphon does not change much for considerable variations the head. 
This must kept mind and the spillway designed for the maximum flow 
expected. Siphons under low heads are effective, may realized 
considering that the greatest proportional velocity flow due the first 
part the fall. 

The first siphon spillway built the United States Wood Creek, 
adjacent Lock No. 12, Whitehall, Wood Creek which has flow 
varying from 200 12500 cu. ft. per sec., has been canalized, forming 
part the Champlain Canal. The surplus flow, not required for navigation, 
used develop power for silk mill, the side the stream opposite 
Lock No. 12. The fluctuation the water surface during the navigation 
season limited ft. above the low-water plane, which closer regula- 
tion than possible this site with fixed dam the available width 
ft. low dam was built here, with movable crest ft., which may 
raised above the water surface time flood. order avoid frequent 
manipulation the crest for minor fluctuations the flow, such occur 
from day day, siphon spillway was constructed the forebay the silk 
mill. This spillway consists six siphons each 0.5 ft. high 8.6 ft. wide, and 
acting under minimum head ft., has capacity about 450 cu. ft. per 
The crown the siphon just above the low-water level and the inlet, 
high 4.3 ft. wide, ft. below the water surface. The upper leg 
converges section from inlet throat, the latter being 4.3 sq. ft. area. 
The lower leg vertical and the same area the throat, but changes 
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section from 0.5 ft. 8.6 ft. ft. 2.2 ft. the outlet. Three 
12-in. air vents, the crown the siphon, pierce the up-stream face 
the dam the low-water level and fourth vent, the same size, located 
ft. lower. rise 0.4 ft. the water level sufficient start the siphons 
operation. was thought that the air vents might possibly become clogged, 
which case the flow would not stopped when the water was drawn down 
them. provide against such contingency, pipe over the siphons 
connected with the crown each and extended through the masonry, where 
the end was closed removable cap. was believed that removing the 
cap sufficient air would admitted stop the siphons. test this device 
resulted failure stop the siphons and the air admitted had perceptible 
effect their operation. This spillway has been satisfactory operation since 
was built and has never failed operate during cold weather. 

The next spillway the summit level the Champlain Canal, Lock 
No. near Smith’s This spillway consists four siphons, 
each ft. high 7.75 ft. wide, together with waste weir, ft. wide, which 
provided pass drift too large through the siphons. The capacity 
this spillway, when there rise ft. the water level the canal, 
about 555 cu. ft. per sec., the siphons passing 485 cu. ft. per sec. under 
10.5-ft. head. The siphons are similar construction those Whitehall. 


a 
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The siphon shown Fig. the Glens Falls Feeder which supplies 
water for the Champlain Canal. This feeder navigable channel with 
drop 134 ft. distance miles and extends from the Canal the 
Hudson River above Glens Falls. There are locks, either single flights, 
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around which the water carried concrete-lined by-passes and the head 
each by-pass concrete bulkhead containing four 3-ft. sluice- 
gates and siphon spillway. There are eight these bulkheads, identical 
all particulars, with single siphon, ft. high ft. wide, which operates 
under head about 5.7 ft. The crown has lining which was 
used account the difficulty removing forms from such small conduit. 
The crest the siphon ft. below the normal water level, that all 
times there slight flow through the spillway about cu. ft. per sec., 
which not objectionable since there constant feed water through 
the by-passes. rise in. the pool level submerges the air vent and the 
siphon primes immediately. test was made determine the discharge and 
the efficiency the siphon combined Locks Nos. and The by-pass 
ft. wide 200 ft. long and has fall ft., four drops ft. each, 
with level stretches between. The drops are located ft., ft., ft. and 
108 ft., respectively, below the siphon outlet, with fifth drop ft. the 
end the by-pass. weir measure the discharge was constructed 
the lower end the channel, 192 ft. below the siphon outlet. This weir was 
made 2-in. plank with }-in. steel plate, machined true edge, pro- 
jecting above the wood, the up-stream side, and the edge the plank was 
beveled the down-stream side. Vertical planks each end, with similar 
steel plates their inner edges, reduced the length the weir 13.93 ft. 
and its crest was 0.95 ft. above the bottom the channel. The head the 
weir was measured bottle gauge stilling-box, the side the 
channel, ft. above the weir. The gauge was made 1-gal. water bottle, 
used for float, with wooden staff, divided hundredths foot, in- 
serted the neck the bottle and held erect guides the stilling-box. 
Baffle-boards were placed the by-pass above the weir, check the velocity 
and equalize the flow water across the width the channel. sec- 
ond bottle gauge was located the side the channel, just above the bulk- 
head, measure the head the siphon. The gauges were read simultaneously, 
intervals min. during the test, and the discharge the weir was com- 


determined for weir 0.98 ft. high, and correcting the length the weir 
are shown Table 

The cross-sectional area the siphon sq. ft. and the inlet sq. ft. 
The head the siphon was measured from the water surface the upper 
tangent point the outer curve the siphon outlet, was found reach- 
ing into the outlet, while the siphon was running, that the water was not 
contact with the concrete below the tangent point and air extended that far 
the leg. The velocity head, entry head, and friction head may computed 
from the test data and the sum these, deducted from the total head, gives 
the loss head due the resistance bends and conversion the upper 
leg, shown Table 

The siphon primed when the water surface rose 0.1 ft. above the top 
the air and the siphonic action stopped when the water level was drawn 
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down the top the vent. 3-in. pipe, closed valve, had been pro- 
vided the top the siphon, order able stop the discharge 
case the vent should clogged, and when the valve was opened, air rushed 
into the siphon and the flow stopped. 


TABLE 
1.19 68.9 5.64 60.3 
1.21 70.8 5.66 11.80 61.8 
1.20 69.9 5.67 61.0 
Bilivwccciveneds 1.21 70.8 5.70 11.80 61.6 
a 1.21 70.8 5.72 11.80 61.5 
1.20 69.9 5.74 11.64 60.6 
1.20 69.9 11.64 60.5 
Manevevereee 1.20 69.9 5.77 11.64 60.4 
70.8 5.75 11.80 61.3 
1.20 69.9 5.63 11.64 61.2 
1.21 70.8 5.58 11.80 62.2 
1.20 69.9 5.50 11.64 61.9 
TABLE 


Velocity 
siphon, feet Head Velocity head, Entry head, Friction head, Other losses, 


per siphon, feet. feet. feet. feet. feet. 
11.48 5.64 2.05 0.26 2.95 
11.80 5.66 2.16 0.27 0.39 3.84 
11.64 5.67 2.10 0.26 0.38 2.93 
11.80 2.16 0.27 0.89 2.88 
11.80 2.16 0.27 0.39 2.90 
11.64 2.10 0.26 0.38 
11.64 2.10 0.26 0.38 8.01 
11.64 5.77 2.10 0.26 
11.80 5.7 2.16 0.27 0.39 2.99 
11.64 5.63 2.10 0.26 0.38 2.89 
11.80 5.58 2.16 0.27 0.39 2.82 
11.64 5.50 2.10 0.26 0.38 2.76 


siphon spillway utilized Plant No. the Tennessee Power Com- 
pany the Ocoee River, near Cleveland, Tenn. timber flume with 
capacity 1200 cu. ft. per sec. carries water the plant, which there 
head about 250 ft. The flume passes through small ravine high 
the hillside adjacent the plant, where forebay with siphon spillway 
was constructed discharge the flow, case sudden shut-down the 
plant. The normal flow line ft. below the top the flume and the area 
the forebay small that the water would overtop the flume few 
seconds spillway were not provided. overflow waste weir was imprac- 
ticable and was feared that mechanically operated gates could not relied 
operate within the limited time available. siphon spillway, occupying 
length ft., solved the problem, both for rapidity action and for 
capacity discharge. This spillway contains eight siphons, each ft. high 
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ft. wide. Half the units act under head 18.5 ft. and the other half 
under head 26.5 ft. and give discharge nearly 1600 cu. ft. per sec. 
The siphons vary only the length the lower leg and are shown Fig. 
which illustrates one the longer siphons. the completion the plant, 
tests were made determine the maximum rise the water surface 
the flume above the spillway, the speed priming the siphons when the 
water rose various rates, and the discharge capacity the spillway. 
make this test, the flow the flume was adjusted supply the turbines 


E1.1062.0 1,1062.0 


the plant and maintain the water level front the spillway the 
crest the siphons (Elevation 1089.2). pulling switch the plant 
predetermined load was thrown off the generators and the turbine governors 
closed partly closed the wheel-gates, which caused rise the water level 
the flume. staff gauge, reading hundredths foot, was established 
the face the spillway between Siphons Nos. and give the eleva- 
tion the water surface, and time intervals were determined with stop- 
watch. Six tests were made, from which the data Table are taken. 
Before the rise began, the water was practically Elevation 1089.2 
each case, and the top the air vent Elevation 1089.45. Since priming 
could not until the air vent was submerged, the lowest elevation 
which action could established was 1089.45. Since the discharge 
through each unit before the siphonic action was established would small, 
may assumed that the water level rose uniform rate during each 
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test, though this not strictly true, and the approximate time required 
prime the siphons may computed from Tests Nos. and shown 
Table 


TABLE 


Power thrown off, Maximum elevation Time rise, 


Test number. kilowatts. water surface, feet. seconds. 


TABLE 


ELEVATIONS WATER, TIME REQUIRED, 
feet. seconds. second. 
prime. 


0.01667 
089.57 0.02176 
0.09375 


From Table appears that the time required prime probably 
constant for any particular siphon and not affected the rapidity the 
rise the water level. Large siphons might expected require longer 
period prime, but the action certainly very rapid for the type siphon 
installed Ocoee. The capacity two siphons, Nos. and acting to- 
gether, was determined the following manner. The gates the head 
the flume were adjusted give flow 390 cu. ft. per sec., determined 
rating curve, and the air vents Siphons Nos. and were sealed, that 
they operate when the water was drawn below the normal 
level. The turbine gates were then closed, that water was drawn off 
through the plant and, consequence, the water the flume rose, putting 
all the siphons operation. The spillway discharge, being much excess 
the flow the flume, caused quick lowering the water level and, when 
the air vents the siphons were exposed, all units, except those with sealed 
vents, ceased operate. This left Siphons Nos. and operation, and 
they were discharging more water than the flume supplied, the level continued 
fall. After the water had been drawn down Elevation 1088.7 (0.5 ft. 
below the crests the siphons), the time was observed. second observa- 
tion, made 7.5 min. later, showed further drop Elevation 1088.4, 
fall 0.3 ft. 7.5 min. The average head the siphons, during this 7.5 
min., was 25.55 ft. (measured from the water surface the center the out- 
lets) and the siphons discharged the 390 cu. ft. per flowing the flume, 
plus certain volume water drawn from storage the flume and the 


15.00 6.00 
5.45 6.55 
5.38 
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forebay. The area the forebay sq. ft. and the area 300 lin. ft. 
flume, beyond the spillway, 4260 sq. making total area 
sq. ft. The volume water taken from this area 7.5 min. was 14260 
4278 cu. ft., which equivalent flow 9.5 ft. per see. addi- 
tion, volume water was drawn from the flume, between the spillway and 
the head-gates, which was estimated 500 ft., and this equivalent 
flow 23.3 cu. ft. per for 7.5 min. Thus, the total discharge the 
two siphons was about 390 9.5 422.8 cu. ft. per The minimum 
cross-sectional area the siphons sq. ft. each, sq. ft. for the two, 


422.8 


hence, the velocityof flow was ft. per sec. the theoretical 


velocity, under the 25.55-ft. head, 40.54 ft. per the efficiency the 


26.425 
siphons was 0.652. Since four the siphons act under head 
18.5 ft. and four under head 26.5 ft., the total capacity the spill- 


way is: 

this case, the velocity head 10.85 ft.; the entry head 0.79 and 
the friction head 3.04 ft., leaving head 10.87 ft. overcome the resist- 
ances bends and conversion the upper leg the siphon. 

Another spillway, Rochester, Y., was built the forebay Plant 
No. the Rochester Railway and Light Company, discharge the water 
flowing the whenever sudden shut-down the plant occurs. 
This spillway consists single siphon, ft. high ft. wide, which 
acts under head about 17.5 ft. The lower leg has uniform cross-sectional 
area sq. ft., but changes section from ft. the throat, 
ft. the outlet, where the siphon connects with large pipe that 
carries the water over cliff, into the Genesee River. chute, for disposing 
ice from the forebay, joins the pipe, just beyond the siphon outlet. This 
siphon requires from sec. min. get under way, depending how 
rapidly the water rises, and the fluctuation the water surface from 1.5 
2.0 ft. accurate determination the discharge has been made, but 
has been observed that sudden closing the turbine gates, when the wheels 
are drawing 200 cu. ft. per sec., causes rapid rise the forebay water level 
followed quick drop, which indicates that the spillway capacity 
siderably excess 1200 cu. ft. per sec. From this, appears that the 

siphon has high efficiency, probably excess per cent. 

The siphon shown Fig. illustrates low-head spillway for regulating 
the water level abandoned section the Erie Canal, which used 
storage reservoir the General Electric Company 
This spillway consists three siphons, each 1.75 ft. high ft. wide. 
times high water the Mohawk River, the head may reduced ft., 
which will give discharge about 200 cu. ft. per sec. The lower leg in- 
clined backward, that the priming jet will strike high the far wall 
the leg and the volume air entrapped above the diaphragm will 
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minimum. The crests the siphons are the normal water level and the 
air vents are varying elevations that they will sealed successively, 
when the water rises 0.7 ft., 0.8 and 0.9 ft., respectively. Priming 
practically instantaneous each siphon, soon the air vent sealed. 
Since this spillway was built, has been found desirable reduce the fluctua- 
tion the water level. This has been accomplished inserting the air 
vents, metal tubes which extend downward the desired level. 

siphon spillway used the Alpine Dam, Lagunitas Creek Canyon, 
short distance north San Francisco, Calif. The dam concrete struc- 
ture curved plan, gravity section, and about 100 ft. high, and impounds 
water for the supply various municipalities the Marin Water District. 
The spillway occupies width ft., the middle portion the dam, 
and consists six siphons, each ft. high 7.5 ft. wide. The capacity 


somewhat excess 4000 cu. ft. per sec., under head ft. The 
lower leg the siphon vertical and uniform section, terminating 
bend which deflects the water out the face the dam which formed 
curve large radius, that the water will not jump clear the masonry. 
Parapet walls confine the outflowing water down the face the dam, con- 
verging width ft. the bottom, and the discharge into the 
natural channel the stream. The air vents, the various units, are 
slightly different elevations, which makes the siphons prime and cease flowing 
successively, and thus vary the discharge the spillway the reservoir level 
changes, although rise ft. will bring all the siphons into operation. The 
original plan for this dam contemplated waste weir one end, with waste 
channel carry the water. This would have involved heavy rock excavation, 
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the siphon spillway was adopted. overflow waste weir, with length 
equal the siphon spillway, would require depth about 6.5 ft. water 
its order discharge 4000 cu. ft. per sec. and discharge this flow 
with depth ft. the crest would require length about 1140 ft. 

The Hetch Hetchy Dam, across the Tuolumne River, California, now 
under construction provide water supply for the City San Francisco, 
will have siphon spillway consisting eighteen siphons. All these siphons 
will ft. high, with fourteen units, ft. wide, and four units, ft. in. 
wide. The inlet each siphon will ft. below the water surface and will 
have area double that the lower leg. Since the flow line the reservoir 
created the dam will 620 ft. above sea level, the head 
will 29.5 ft. Near the bottom the lower leg each siphon, there will 
reverse bend deflect the flow water across the conduit, seal 
the leg. This will cause the siphons prime when there rise from 
1.0 1.5 ft. the reservoir level. The outflowing water, after leaving the 
siphons, will flow over steps the face the dam and drop into the river 
channel, 180 ft. below. The capacity the spillway will about 20000 cu. 
ft. per sec. 


The Sweetwater Dam, near San Diego, Calif., has overflow spillway 
one end and siphon spillway the other. The siphons are shown 
Fig. are six siphons, each ft. high ft. wide, acting under 
head 33.5 ft. inlets are ft. high ft. wide and the outlets 
are ft. high 8.5 ft. wide. The lower legs, which are inclined, are prac- 
tically uniform area throughout, varying from ft. the throat 
8.5 8.5 ft. the bottom, and terminate sealing basin. The dis- 
charge capacity this spillway estimated about 000 cu. ft. per sec. 

spillway the Arizona Canal the Salt River Project the 
Reclamation Service, near Phenix, Ariz., consisting several units, was 
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built control the water level power plant. The siphons are provided 
with air valve, the top the crown, relieve pressure caused 
rise the water level the sealing basin which would retard prevent 
priming. This spillway acts under head 18.5 ft. 

Another small siphon, built the Reclamation Service, the 
head the East Park Feed Canal the Orlando Project, California. 
This spillway consists single siphon, ft. high ft. wide, which 
operates rise 0.2 ft. the water level and under head ft., and 
has capacity about 100 cu. ft. per sec. 

The Huntington Lake Siphon Spillway, Big Creek, tributary the 
San Joaquin River, California, about miles northeast Fresno, con- 
sists seven siphons and was built supplement the discharge over the main 


All dimensions 
in meters 


dam, which has crest length 645 ft. The throat each siphon 3.5 ft. 
high ft. wide. The inlets are ft. below the normal water level and 
are 9.25 ft. high 15.5 ft. wide. The upper legs converge section the 
throat area sq. ft. The lower legs are uniform area throughout, but 
vary length for the different units. five siphons, the lower leg in- 
clined backward and the other two siphons the leg slopes forward. Sealing 
basins are provided the outlets, and each siphon has 27-in. air 
vent, extending from the face the spillway the crown. These vents are 
sealed when the water rises above the crest the main dam. Siphons Nos. 
ft., No. under head ft., and No. under head ft. The total 
capacity the spillway estimated about cu. ft. per sec. 

There are number siphon spillways the canals the East Contra 
Costa Irrigation District, near Brentwood, Calif., which operate under heads 
from ft. The siphons are in. high, and the standard width 
units ft. The spillways consist several siphons standard width and 
narrower siphon, may required give the desired capacity. 
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The siphon shown Fig. illustrates spillway about miles north- 
east Ripon, Calif., the end the main distributing canal the South 
San Joaquin Irrigation District. This spillway consists two siphons, each 
ft. high ft. wide, with radial, steel flood-gate between the siphons. 
The main siphons are 0.5 ft. above the normal water level and below these are 
auxiliary priming siphons, in. high ft. wide, immediately above the 
water level. The priming siphons discharge into sealing basins the out- 
lets the main siphons. the operation this type spillway has been 
described, further explanation necessary, except say that rise 0.2 
ft. the water level seals the air vent the main siphon and starts the 
priming siphon operation, and that the time required prime the main 


siphon about min. The capacity the two siphons, under 8.25-ft. 


about 200 cu. ft. per sec. 

siphon spillway the Badana Dam, near Genoa, which typical 
number such structures Italy, shown Fig. 11. This spillway con- 
sists six siphons, each 6.9 ft. high 6.2 ft. wide, and operates under 
head 17.7 ft., with capacity 3180 cu. ft. per sec. 

siphon, with manually controlled operating device, may used 
The lock chamber filled and emptied through culverts the side-walls 
bent above the upper water surface, forming siphons shown Fig. 12. 
The siphons are put operation exhausting the air, entrapped the con- 
duits, into vacuum tanks, one which located each lock wall, shown 
Fig. These vacuum tanks are connected with the upper pool 12-in. 
pipes, with gate-valves regulate the flow, and are also connected with the 
lower pool 20-in. pipes, controlled gate-valves. connection between the 
top the siphon and the top the vacuum tank made with 4-in. pipe 
which are two valves and pressure-gauge. Valve cuts off the flow 
the pipe and Valve serves admit air the siphon. 

The operation follows: The 20-in. outlet valve closed and the 
tank filled with water from the upper pool through the 12-in. pipe; the 
valve the 12-in. pipe then closed and the valve the 20-in. pipe 
opened. The water does not run out the tank, but sustained the 
atmospheric pressure the water surface the lower pool, which the 
outlet pipe submerged. opening Valve (Valve being closed), the 
water rushes out the tank and replaced air from the siphon. This air 
expands fill the tank, losing density and pressure the process, that the 
atmospheric pressure, the water surface the upper pool, causes water 
rise and flow through the siphon. This flow water carries out the remain- 
ing air the conduit, and the full siphonic flow established. The flow 
water through the crown the siphon then exhausts what air remains the 
tank, carrying down into the culvert, where carried along the water. 
This air, being compressed its plunge below the water surface, rises the 
top the culvert and collected recess the masonry, from which 
escapes through pipe that extends through the wall point above the 
upper water level, and issues from the pipe with loud sound. When the 
air exhausted from the vacuum tank, replaced water forced 
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through the 20-in. pipe the pressure the surface the lower 
pool. soon the tank completely filled with water, Valve closed. 
The siphon continues operation until the lock-chamber filled emptied, 


Manhole 


| Siphon 5x 


Vacuum Tank 


Capacity 1186 cu.ft. 
Area of Z horizontal section 


Culvert 


13. 


depending whether the upper the lower unit being used, and when the 
flow ceases Valve opened admit air the siphon. The siphons are 
ft. cross-section the throat, and the normal lift the lock 11.1 ft. 
The lock-chamber filled 4.5 min. and emptied 5.5 min., 
the difference being due the location the vacuum tanks the head 
the lock, near the upper siphons. With daily lockages, not necessary 
fill the vacuum tank with water from the upper pool, except for the initial 
filling the beginning the season, the operation the siphon, from time 
time, being sufficient keep the tank filled. 
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BROAD ECONOMIC PHASES THE HOUSING PROBLEM 


Lawson Purpy,* 


generally recognized the City New York, and not different 
most cities the United States, that the poorest paid laborers must live 
second-class houses; that impossible from economic point view 
under existing conditions build houses for those persons who receive the 
lowest wage not particularly bad thing live second-class 
house; the speaker has never lived any other. New York, particularly 
the Borough Manhattan, not desirable live second-class 
tenement house, but many the single family houses, built years 
ago, are better than the single-family houses built to-day. 

The speaker has seen houses Europe that would like live in, that 
had been built for about 200 years. all depends how the house was 
built, whether was built for one family for many, how was planned, 
whether pleasant house which live, regardless when was built. 

great many people New York, which probably true all cities, 
are eager reduce the cost building crowding too much building 
the land; and one hears constantly that the cost housing and rents are 
increased regulation designed protect tenants giving them moderate 
amount light and air, and adequate protection against fire. Whenever 
the speaker goes from New York Boston, wonders why insurance losses 
are not greater than they are. They are greater the United States than 
any other country the world. Very likely most the buildings deserve 
burned. buildings were planned that they would not burn, and 
that people would have light and air, conditions would better. 

Some are doubtless familiar with conditions the lower East Side 
the Borough Manhattan. More than years ago the land was covered 
with tenement houses, under the law, 70% its area, except corners 
where 90% more was covered; but the law was not strictly administered 
and, often, buildings covered more than the law allowed. The least possible 
light and air was left for tenants; the greatest number people possible 
were crowded acre ground; and the land which such tene- 
ments were built the lower East Side was once worth $1000 front foot 
for lots 100 ft. deep; that is, $10 per sq. ft., for land housing the poorest 
class people. All that was accomplished increase housing, allowing that 
sort thing, was that the land rose value because was earning such 
enormous return from the poorest people. those days, such tenements 
rented for not more than per room per month. The landlord did nothing 
for the tenants except furnish the house and cold water; the conveniences 
were next nothing the old tenements. 

To-day, there are men solemnly saying, and explaining that they say 
the result long experience, that because the regulations for some such 
houses have been improved, the cost human habitation has been increased 
the City New York. The speaker does not for moment believe it. 
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true the Borough Manhattan, that gain made reducing 
the cost living crowding people densely together, much the 
more true the remainder the City New York and every other 
city the United States. The principle the same that the addition 
park space and open areas does not increase the cost. 

Sometimes contended, persons who seek the greatest return for 
themselves and pretend seek the welfare their neighbors, that government 
costs more and money lost exempting certain quasi-public institutions; 
claimed they take too much space. This was claimed regard the 
area south Grace Church Broadway—one the near beauty spots 
the city. The people who worship that church had the spirit 
buy the land south it, clear away the old buildings, and make little open 
space there; and some would tax it. blessing all the surrounding 
territory, and all that does move the business area just few inches 
farther north. When open spaces are left, the population merely moves 
little farther out from the most congested center. with respect 
regulation for light and air for human habitation. If, instead crowding 
700 people the acre, done spots this Island, only families 
were allowed the acre, there would just little more spreading. There 
would more value the city, lands and buildings, but that land value 
would not concentrated few spots, the advantage those persons 
who happened own those spots originally and hold them. That would 
the only disadvantage. 

may truthfully said, extraordinary may seem, that the death 
rate exceedingly low some these East Side blocks where the population 
most congested. The reason that the last years millions have been 
spent undo the damage congestion. The housing regulations have im- 
proved conditions; old backyard privies have been done away with; something 
like decent sanitary conveniences have been installed. The Health Depart- 
ment, which has spent millions every year, has improved the milk supply. 
many ways the health people has been conserved spite the condi- 
tions which they live; and these congested centers the Borough Man- 
hattan may well compared with what looks like the attractive character- 
mid-west cities. If, however, one examines survey some these 
mid-west cities will found that they lack water supply; they draw 
their water from neighborhood wells. Sewers are lacking, and the sewage 
allowed where each householder pleases put it, and his water drawn 
from well the same territory. The marvel that they live all. The 
speaker would rather live section which has 700 people the acre than 
take his chances one those cities. 

That, however, not the condition desired. There should decent 
housing, for housing comprises all the amenities life. means adequate 
supply pure water; means proper sewers; means that every city 
house should permitted, which does not have water supply, which does 
not stand street with sewer front it, into which the refuse 
the house must carried. New York has gone far, and farther than 
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many places, that multi-family houses are not permitted unless they are 
connected with adequate sewer. great deal more might done. That 
ought the rule throughout the United States; and the time must come 
the not distant future, when longer will any State permit its streams 
polluted with sewage. The time must come when everywhere sewage 
will disposed such fashion that will not pollute the waters and 
will not menace the health the community. 

What can done the near future improve housing everywhere? 
First, there must the regulation, mentioned, that every house city 
must sewered, and served with water. Next, every house must safe 
against fire. wooden buildings are permitted, they must only permitted 
when placed adequate distance from their neighbors. very common 
for the distance between houses more than ft.; and sometimes 
three-deck wooden tenement houses are seen—one can see them the New 
Haven Railroad all the way from New York Boston—that appear stand 
farther apart than ft. 

The speaker doubts very much whether two more families should 
allowed live wooden building; but they are, the building should 
far enough from every neighbor that there reasonable opportunity 
for fire travel from one building the other. building which 
more than one family lives should protected against the danger loss 
life fire that people can get out safety the stairs are burned. 
The tenement house population the City New York has been far 
protected that since the enactment the Tenement House Law 1901, 
which due largely the efforts Mr. Laurence Veiller, that not one 
person has lost his life the burning such buildings. 

One might say that every week, people lose their lives tenement houses 
which were constructed under the law was prior 1901, and many 
people lose their lives fire, here and other cities, boarding and lodging 
houses. real estate man the speaker’s acquaintance, who has had long 
experience, states that has arrived the conclusion that building erected 
for one purpose should ever permitted turned any other purpose; 
and, particular, building erected for certain kind human occupancy 
should ever permitted altered changed for any other form 
human occupancy, and the speaker thinks right. 

There are many old single-family houses this city which, the law 
did not stand the way, could changed for the occupancy many 
families. These buildings are great menace human life, both from fire 
and because inadequate light and air. The houses were not planned for 
two families every floor. They were planned for one family the 
whole house, and for one family might fairly good house, although 
even then was not safe case fire. was much safer for one family, 
however, than would for several families, because there would not 
many people, and, presumably, they would concerned about each other’s 
safety, whereas with lodging house great city, one cares about 
any one but himself, and many people are burned lodging houses every 
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year. Lodging houses should regulated careful legislation, and 
lodging house boarding house should such character that the in- 
habitants are not safe from fire they are the new law tenement 
house; and they should provided with adequate sanitary system and 
adequate light and air. 

All this within the reach the law buildings hereafter erected. 
the old ones, there comparatively little that politically practicable 
do. The apparent economic loss burning them down would great. 
There large part many cities the destruction which would great 
blessing the people were not burned also. 

There now the power zone cities; although the old densely settled 
parts the cities cannot improved very much, different regulations for 
the outlying territory can had that will built that practically 
house will more than two rooms deep; that every window shall 
open the outer air the street, wider space the rear than 
toward the front. 

These buildings can erected low cost, lower than the older form 
building, because the building itself can erected more economical way, 
properly planned; and when the first occupants those new buildings 
have moved into better quarters, and the lower paid wage earners take 
possession, they can have decent houses which live, because they were 
planned rightly the beginning. well planned, well constructed house, 100 
years old, may better which live than poorly planned house that was 
built yesterday. not intended that old house which has been ill 
kept should regarded with favor, constructed lend itself 
permeated with vermin and dirt. 

Certain classes buildings become unfit for human habitation before 
they have been occupied for more than two three years. The rays the 
sun are great disinfectant, two ways. Sunlight believed kill evil 
germs; and great deal easier keep place clean which bright and 
light than place that dark. With plenty sunlight there will more 
cleanliness the old, dark houses. some you who come from distant 
places, back with the thought that hereafter buildings should planned 
healthful habitations long they endure and are properly 
cared for, and that you shall never again have erected that are 
dangerous life, health, and morals, you will have accomplished great 
deal. Bad buildings bring bad morals and good buildings bring better morals 
and better people. 
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HOUSING: BROAD ECONOMIC ASPECTS 


making survey the housing situation the United States, 
necessary consider present conditions, some the causes these condi- 
tions, and how they may improved. 

There general housing shortage, due the events the last five 
years, and the rate new construction now increasing—that much 
generally known. 

What, however, the relation the shortage the present inventory, 
what are those who need homes doing obtain them, and what being done 
meet the demand? And what provision being made for the future? 
survey such general facts are obtainable not discouraging, although 
there should greater conscious efforts plan for future needs. 

The houses the United States are widely scattered and vary 
greatly different sections, that they are rarely thought whole, and 
their aggregate value not often computed. inventory, based census 
figures, the only one which can made and, incomplete is, the 
only guide the vast wealth invested the houses this country. 

Inventory Dwellings—According the Census 1920, there are 
697 204 dwellings the United States. are reliable figures 
either cost replacement value these houses, but enormous amount 
the nation’s wealth its dwellings. the average value per dwelling 
the total value all dwellings would $41 394 408 000; the 
average value 000, the total value would $62 091 612 000. 

Kind Houses—What kind houses are The number includes 
apartment houses, tenements, all kinds multi-family houses, single-family 
houses, sod houses, freight cars, and canal boats inhabited. Some these 
houses cost more than others only few hundred dollars. Many 
are unfit for habitation, but still continue occupied. 

They are constructed various materials, stone, brick, brick veneer, 
stucco, tile, concrete, and wood. Few people have any idea the ratio that 
the number frame houses bears the total. They judge largely their 
own city, and answer 90% brick, 90% frame, depending the local con- 
ditions. Judging from estimates obtained from real estate boards, officers 
building and loan associations, engineers, city officials, and others, moré 
than 75% all dwellings the United States are frame. 

Judging the statistics appearing the press, would seem that nearly 
all the houses are the cities. For example, the building permits issued 
monthly and widely disseminated cover only the larger cities. Contracts 
awarded deal largely with the cities far residences are concerned. The 
work both the engineer and the architect, relates residential build- 
ing, largely confined the cities. fact, nearly every group largely 
eliminates rural dwellings from consideration, except the mail-order houses, 
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and they probably know more about rural construction than they about 
city building. 

According the Census 1920, the number urban dwellings was 
484 552, and the number rural dwellings, 11212652. This means that 
54.2% all dwellings are rural, and 45.8% urban. Although there are more 
rural dwellings than urban, there are more urban families. There are 
urban families and rural families. 

The housing problem has never been considered nationally. How many 
the big contractors think the housing needs, five ten years hence? 
Have they considered the construction needed, the annual maintenance, and 
the possible economies? No, houses are not thought nationally one 
does the United States Navy, for instance. The authorities carefully con- 
sider the needs the Navy for ten and twenty years the future. Even the 
layman thinks about the cost maintenance. With houses, fail get 
any balance until conditions are such force act. 

Need for More Homes.—As going concern, the nation needs more homes, 
and during the last five years comparatively little has been done increase 
the number. During the last ten years, the new buildings erected have not 
kept pace with the increase population. Conditions have become worse, 
crowding has increased, and the cost shelter has advanced materially. Dur- 
ing the World War, the building homes practically ceased, resulting 
shortage dwellings, approximating present, million homes. Although 
people adjusted themselves temporarily the crowded conditions, and some 
may accept them normal, many will become more and more discontented. 
The effects will shown health and morals. There much evidence 
crowding some the large cities. large number single-family houses 
have been converted into two-family houses, and other large houses converted 
into tenements. Warehouses have also been changed into tenements. The 
one-family house cannot survive neighborhood which the multi-family 
house has gained foothold. 

The situation will met the building poorly designed houses 
cheap construction, unless the cost building reduced materially from 
what was 1920. build more houses, and better houses lower cost, 
what must done, and this means that waste must eliminated. 

Physical Conditions the maintenance residential prop- 
erty most unsatisfactory. Thousands houses are allowed deteriorate. 
some cases the neglect deliberate, whereas others the occupant 
owner does not feel financially able make the necessary improvements. 

Too often has been sold “white elephant”. has been induced 
buy beyond his ability pay. Houses are often without adequate fire pro- 
tection, with the resulting loss many thousands. Hundreds thousands 
houses the cities have become antiquated. They are being milked 
bled dry, and allowed deteriorate, into the discard, when more capital 
should invested them keep them modern. course, there are 
also many houses which should have been torn down long ago. 

Annual Building Necessary—The number families which should 
provided with houses each year amounts probably more than 300 000, and 
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considering the destruction houses about 80000 each year, there 
annual need for nearly 400000, but during the last five six years the 
shortage has grown until now least 1000000 homes are needed. 

Whether canal boat, sod house, every family wants house 
some kind which live. probably more essential than hat pair 
shoes. Every one does not want the same kind house, and the choice 
should guided largely income. 

What Kind Houses Are Demand.—No careful market analysis has 
been made determine the number houses needed the different income 
groups. Little attention has been given the income the non-home owner. 
has been assumed that will continue occupy the cast-off houses the 
better paid. determine the kind houses wanted, incomes must 
studied. Judging income tax figures, the number persons receiving 
income between $1000 and $2000 makes the largest single group, and 
that those receiving annual income between $3000 and $4000 much 
smaller, and up.* This means that the market for small houses will 
tremendously increased when such houses can bought those receiving 
income between $1500 and $2000. 

Meaning More and Better and better houses mean more 
business, more happy families, better and more dependable citizens. Although 
better houses are most desirable, they cannot bought and paid for large 
numbers unless the cost reduced. 

Costs Must houses the nation represent invest- 
ment billions dollars. They are built extravagantly and scrapped reck- 
lessly. 

What can done maintain property, keep repair, modernize 
that the maximum value can secured out the investment? 
though some houses should have been scrapped earlier, thousands houses 
are razed scrapped long before the initial investment justified their destruc- 
tion. The annual depreciation charge too great. The waste must taken 
out the building industry, way must found modernize old houses, 
and they must protected proper zoning ordinances. 

Home home ownership admitted the great- 
est economic value community nation must made possible for 
the man average income buy and pay for home. present costs, 
thousands those who would like own home find impossible buy. 
the 24351682 homes, 604 are rented; 866 960 are owned the 
occupants; and the tenure unknown 541118. Out the homes that 
are owned, 6522119 26.8% the total are owned free encumbrance; 
are encumbered; are unknown encumbrance. These 
figures show clearly that there much room for increase home owner- 
ship. 

“Own your own home” popular slogan for has appeal every 
family living rented house. However, poor policy induce families 
buy homes for which they are unable pay. home ownership campaign, 
that merely induces man small income buy home beyond his ability 
pay, one that deserves public condemnation. The owner soon loses his 
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small cash deposit, and compelled start over again. The home owner- 
ship campaign that really worth while that makes possible for 
the man not only acquire title, but make his payments regularly. 
means that every effort made reduce the cost building, and protect 
his property after has bought it. 

The percentage those owning their homes varies widely different 
cities. New York City only 12.1% the families owned their homes 
1900, and 12.7% 1920. New York shows the lowest percentage home 
ownership all American cities. 

Some cities have shown marked increase ownership during the 
last years. For example, the percentage home ownership Baltimore, 
Md., increased from 27.9% 1900 46.3% 1920. Other cities showing 
considerable increase home ownership during the twenty years are: Phila- 
delphia, Pa., increasing from 22.1% 39.5%; Omaha, Nebr., increasing from 
27.7% 48.4% and Des Moines, Iowa, from 38.5% 51.1%. 

Some cities, however, show decline, for example, Cambridge, Mass., shows 
decline the percentage home ownership from 21.2% 1900 17.6% 
1920; Springfield, Mass., from 1900 27.9% 1920; and Los 
Angeles, Calif., from 44.1% 1900 34.7% 1920. 

Zoning.—Those who would encourage home ownership should also take 
active interest seeing that property protected. Many cities not 
provide adequate zoning ordinances. The loss property value economic 
running into the millions, direct result the failure zone properly. 
Such losses can only remedied the action society. There may 
some ill-gotten gain accruing some individuals destroying property 
values one section and thus forcing the people move into another, but 
this economic loss society, because good houses must scrapped 
prematurely. 

Not many years ago complaint was universal that there was 
enormous waste municipal government, that the conditions some Amer- 
ican cities were intolerable, and that action some kind must taken. 
Organizations were created, committees were appointed, newspapers and 
magazines were founded, and pamphlets great numbers were issued 
effort bring about better municipal government. The undertaking has been 
tremendous, and the task not yet done, but the improvement spots has 
been encouraging. 

Although more than billion dollars are spent annually city govern- 
ments, even more money spent construction. The amount spent for 
building and construction greater than that spent for municipal govern- 
ment. individual could possibly reform the extravagance govern- 
ments, individual single group can eliminate the unnecessary waste 
building. bring about the desired reforms the construction industry, 
the joint efforts all groups needed. The architect, engineer, contractor, 
sub-contractor, laborer, real estate dealer, building material dealer and pro- 
ducer, financier, and the public must all aid bringing about better condi- 
tions. The cost houses must reduced through the elimination waste 
the entire construction industry. 
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What does mean build large number houses? Although the 
prime object provide shelter, many more are interested than the ones 
who are occupy the houses. indicate those who are interested, gives 
some idea the breadth the construction industry. build the houses 
requires that the operations financed. This for the banker, the build- 
ing and loan association, second mortgage companies, and others, such the 
insurance companies and the private lenders. not only employ carpenters, 
bricklayers, masons, the building trades, but means employ- 
ment all the plants supplying materials for construction. not only 
means that the sales producers are increased, but the sales wholesalers 
and retailers well. 

This, however, not all, for the building new houses brings about 
greater activity the furniture factories, stove foundries, carpet and rug 
factories, and plants making draperies, curtains, kitchen utensils, picture 
mouldings, and all house furnishings. 

The building more homes means more taxable property. does not 
call for more tax exempt bonds, nor, with few exceptions, there tax exempt 
property product. 

There should revival building during 1922, but conditions not 
warrant enormous building program. little more house-cleaning needed 
spots, and more efficient production with lower costs before great activity 
building will prove great economic value. Although law will some 
good, the industry can much more joint effort remove restrictions, 
and eliminate the waste. some cities conditions are favorable for build- 
ing, whereas, others, local community action necessary before building 
should start. 

Waste Construction have been made estimate the 
waste the construction industry. That enormous evident, and ad- 
mitted all who are acquainted with the industry. Certain practices, abuses, 
and customs must changed before much can expected. single group 
entirely fault, nor can any single group bring about reform. The 
engineer, architect, contractor, laborer, and building material dealer all know 
unnecessary expensive practices, but they alone can These 
groups, and also the public, must act. 

Waste occurs many places. enumerate few will make evident 
that something should done. Some these places are: 

standardization. 

2.—Absence factory methods construction. 

3.—Unnecessary restrictions building codes. 

capital required due seasonal work. 

disputes. 

6.—Failure schedule work. 

7.—Trade agreements. 

8.—Corrupt practices. 
discount rates for second mortgage money. 
10.—Failure plan and zone city properly. 
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Lack there quantity production, there must 
greater standardization parts small houses. Why should there 
more than four hundred different sizes and styles window sash? Why 
many different sizes and shapes door hinges? Why many different kinds 
pipe? long the public insists many varieties, the manufac- 
turers must equipped produce them. This means more capital invested 
plant, more fixed charges, less production for stock. also means that 
the wholesaler and the retailer must carry heavier stock. This carrying 
charge must passed the home owner the renter. Some may say 
that such standardization will destroy initiative and individuality. The large 
and expensive house still the object for all the initiative and individuality 
necessary. 

rule, much more work done the job than economical. Ma- 
terials are poorly routed, often not all. The carpenter often carries piece 
studding many feet, cuts length, and puts into place, while more 
efficiently managed places all stock brought him common labor. 

Unnecessary Restrictions Building who are truly in- 
terested better housing not want see general breaking down the 
building codes, but they are interested the elimination the absurd re- 
strictions and the unnecessary requirements. Two examples are sufficient 
show the need changes some the codes. one city, 8-in. brick 
wall considered safe for two-story house, and near-by city the code 
requires that the wall for such houses shall in. thick. some cities, 
the floor load such houses must least lb. per sq. ft., and, some, 
must 100 per sq. ft. 8-in. wall enough, why require one 
lb. per sq. ft. safe some cities, why not all cities? 

Excessive Capital Required Due Seasonal Character 
ing carried actively for only few months. People insist doing their 
repair work the summer. The seasonal character the industry makes 
necessary for many make their income during few months. Labor must 
earn enough during the few months live for twelve months. The con- 
tractor and building material dealer must likewise. The contractor must 
equipped take care the peak, even though part his equipment lies 
idle for eight months the year. establishment dependent the con- 
struction industry, having seasonal business, must maintain investment 
necessary take care the peak load. Millions are invested take care 
the peak, and the home owner and renter pay for the excessive capital re- 
quired, because they insist doing all their work during the busy season. 
most sections and during most years, building could just well fairly 
active during ten months the year instead five six. 

Jurisdictional work due jurisdictional disputes 
has resulted loss. the Unemployment Conference called President 
Harding, resolution was adopted declaring that “stoppage work from 
jurisdictional controversies the construction industry should permanently 
abandoned detrimental the welfare.” 

Failure Schedule Work.—Such failure might interpreted “waste 
small production”. more less efficient building practice has been 
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developed the construction large office buildings, large apartment houses, 
and typical factory buildings. the erection large steel factory build- 
ing, for example, the different pieces are marked, and the work scheduled 
that both labor and materials are hand when and where wanted. The 
greater efficiency seems prevail the rougher types factory buildings, 
decreasing the type building becomes higher. complex and elaborately 
finished structures the scheduling has not been well worked out. There 
little sign efficient management the building small houses, except 
where they are built large numbers. claimed that the small houses 
very high percentage built contractors who build less than ten houses 
annually. These contractors rule not schedule their work nor 
does such building lend itself efficient scheduling. They are uncertain 
the arrival materials; they are uncertain about the number laborers they 
will have given date; nor they know the exact order work 
the different jobs they have under way. 

The designs the buildings may also different. Part the houses may 
one side the city, and part another, and they may not built 
like materials. Building under such conditions makes impossible buy 
advantage. 

Cost Financing Building—During the last two years, the cost 
financing building has been high. Besides high interest rate, bonuses and 
commissions were common. Second mortgage notes are often discounted 
from per cent. Note shavers and second mortgage companies often 
discount paper per cent. This may seem excessive, but must remem- 
bered that with the fall building costs, the second mortgage was more than 
ordinarily hazardous. small cash payment was required, could easily 
happen that the second mortgage was not covered. Although the party who 
discounted the notes may have been justified, is, nevertheless, fact that 
such charges make the cost houses entirely too high. The shortage real 
estate mortgage money part due the great increase tax exempt 
securities. 

Failure Plan and Zone City taxpayers spend millions 
annually, cities are poorly planned and little attention paid 
zoning. The widening and cutting through new streets alone costs 
enormous amounts. Much this expense could have been saved had the 
most elementary rules city planning been followed. 

Thus far, this discussion has pointed out mainly the weak points the 
construction industry. The conditions are not bad one might assume 
from the points considered, for the various groups interested building are 
trying bring about better conditions. They are earnest, too, and are 
doing good work. What they need encouragement and help. The public 
should its part. 

Building encouraging sign the keen interest shown the 
adoption better building codes. the summer 1921, Secretary Hoover 
appointed Advisory Committee Building Codes, and later Sub-Com- 
mittee Plumbing. These two committees are work, and the co-operation 
which has been given them, shows wide interest many cities. The co- 
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operation that the Committees have received from associations, engineers, 
architects, contractors, city officials, and others, has been excellent. 

Zoning and City interest zoning especially active 
this time. More than cities have passed zoning ordinances, and cities 
have zoning ordinances preparation. Secretary Hoover appointed 
Advisory Committee Zoning the summer 1921, which actively 
work. The work this Committee will great value furthering sane 
zoning ordinances protect the home owner’s equity his property. 

Architects’ Interest Small the past architects have taken 
little interest the small house rooms. The Small House Service 
Bureau has been organized, and endorsed the American Institute 
Architects. The organization now furnishes house plans, quantity surveys 
bills materials, and architectural service for small fee the builder 
houses six rooms and less. Standard sizes are used the houses. 

During the last few months the interest the elimination varieties has 
increased noticeably among producers building materials. The initiative 
often comes from the producers, and others often express willingness 
co-operate. 

One the most important facts that the architect, contractor, building 
material producer and distributor, and labor are conscious that they are part 
big industry and have some interests common. evidence this 
consciousness one will find such organization the National Federation 
Construction Industries, which includes many associations, contractors, 
engineers, producers brick, tile, lumber, hardware, also retailers and whole- 
salers. Its aims are make the construction industries serve the public more 
efficiently whole and process education make them harmonize 
their aims. 

The National Congress the Building and Construction Industry with 
its local chapters aims accomplish work along the same lines. includes 
all groups interested construction. conferences have been strongly 
urged Secretary Hoover since April, 1921. 

Chambers commerce, groups organized for the purpose, have instituted 
community conferences which attempt was made secure the co-opera- 
tion all interested groups the city. All these are concerned eliminating 
bad practices, seeing that group absorbs the savings effected, for they 
know that only through reduction costs can building become active. They 
realize that volume business best for all, and that the will not 
build unless satisfied that conditions are sound. 
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THE NATIONAL HOUSING PROBLEM: 
PLANNING AND ZONING 


Zoning essential element comprehensive city planning, because 
makes for orderliness city building endeavoring place each building 
its proper use, construct the proper height, and, with the proper 
area, its proper place the city map. all industries are placed 
together, all business and commerce are likewise located, and all dwellings are 
similarly segregated. 

Since planning American cities has been almost entirely matter 
replanning, and existing conditions have had recognized, the effect zon- 
ing such replanning the built-up sections city check haphazard 
development, continuing non-conforming use, but directing the placement 
buildings the undeveloped areas fixing regulations control future 
growth. only this manner that nuisance-producing manufactures will 
isolated the least restricted areas, that industry will separated from 
homes, and commercial business from industry. 

The city plan with its basis comprehensive main street system, transit 
and transportation provisions, water-front development, parks, parkways, 
playgrounds, and open spaces, and building sites, sewerage, 
water supply, and other public utilities, dependent largely for its carrying out 
the exercise the right eminent domain, does not touch the right 
private property the use, height, and area buildings affecting the housing 
problem, except bringing into play zoning through the police power 
government. Comprehensive city planning, therefore, incomplete without 
zoning. 

The housing problem not much question building more houses 
one building better houses under better conditions. must also 
throw mantle protection about such houses, which indirectly will tend not 
only standardize, but increase their value the specific purpose for 
which they were originally intended. 

The promotion the public health, safety, order, and general welfare, 
the reasonable regulation the location, size, and use buildings, affected 
utilizing the police power for the limitation the use private property 
the public interest, and legitimate use that power. 

Cities and Courts are beginning recognize more and more the fact that, 
the interest general welfare, community power these matters para- 
mount that the individual. Whatever yielded from the individual for 
the public health, safety, and general welfare yielded for the publie 
community purpose without compensation, because whatever given the 
individual the community for the general welfare received the same 
measure protectively from the community for the same public welfare. 
recognized authority this subject, states that maxim the police power 
that every individual must submit such restraint the exercise his 
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liberty, his rights property, may required remove reduce the 
danger the abuse these rights the part those who are unskilled, care- 
less, Zoning, therefore, exercised for the general well- 
being. 

preserve the State its power government, the city must pre- 
served, and preserve the city, the home, well industry, must preserved 
and protected. the home depends the nation. Zoning regulations, there- 
fore, which separate home districts from intrusion objectionable business, 
commerce, industry, which intrusions tend detrimentally affect morals 
well health and safety, will raise the standards living well those 
citizenship, and should eagerly absorbed and written into the statute books 
every far-seeing and foresighted community. 

Philadelphia, Pa., with approximately 400 000 dwellings, city homes 
well great industrial center, vitally interested zoning law. the 
new Charter Act, approved June 25th, 1919, the State granted the city the 
right formulate regulations affecting the location, size, and use buildings 
therein, and make different regulations for different districts. 

Acting under this authority, the Mayor transmitted the Council, 
October 13th, 1921, the draft proposed ordinance, prepared the Zoning 
Commission, and this bill now under consideration the Council. After 
passed and approved the Mayor, the regulations contained therein will 
become effective the City Philadelphia. These regulations provide for com- 
plete zoning establishing use, height, and area districts, and make the zoning 
maps part and parcel the ordinance. The law not retro-active. 

Use districts are classed residential, commercial, industrial, and least 
restricted. Except least restricted use, tabular statement permissive 
prohibitive use made, but each district primarily designated for its 
special and particular use, and uses accessory thereto. 

The residential districts are designated for dwellings, and accessory uses 
thereto, such professional offices, private garages, and private stables only. 
For the fullest protection each district its designated use, well 
permit flexibility operation, special location permits are required and 
granted the Zoning Commission only after public hearing. residential 
districts, buildings for educational, philanthropic, recreational, religious use, 
which are way objectionable detrimental the residential character 
the district, are permitted subject special location permit. These uses 
include club houses, educational buildings, hospitals and sanitariums, nurseries, 
greenhouses, places worship, recreation buildings, libraries, art galleries, 
public museums, philanthropic and eleemosynary institutions, and necessary 
public utilities, including community heating and lighting plants, and aviation 
fields. public community garage prohibited residential district. 

Commercial districts are designated for commerce, general business, and 
the sale commodities, and for accessory uses which may include light 
industry. Uses permitted residential districts are permitted commercial 
districts; other uses are prohibited. special location permits after public 
hearing, structures uses such accessory uses, advertising structures, com- 
munity heating plants, freight transportation and storage buildings, power- 
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generating plants and sub-stations, garages, community garages, 
and stables are permitted. 

Industrial districts are designated primarily for industries, manufactories, 
and trades and buildings used for storage, including all processes using power 
generated electricity, steam, gas, oil, petrol, other expansive explosive 
force, chemical action. Uses permitted commercial districts are permitted 
industrial districts, but those permitted least restricted districts are 
prohibited. Uses permitted residential districts are permitted industrial 
districts only special location permits. bearing the housing problem, 
essential for the general welfare that residential districts must 
protected from invasion industry, equally important for the proper 
development industry and that should free from restriction the 
indiscriminate placing stores and residences its midst, that for the same 
welfare such stores and dwellings should not permitted alongside 
industry. Therefore, industrial districts, large areas, spotted houses for 
homes, allowed exist along with the dirt, noise, smoke, gas, and odor 
industry, will tend rapidly deteriorate and eventually become slums. 
dwelling place, the slum unfit for any human being. 

Least restricted districts are designated for buildings and uses without 
restriction the kind use industry conducted therein, except 
defined other laws and shall include such uses are excluded 
from other use districts. this district, dwelling permitted other than 
for the use such watchmen and caretakers necessary for the protection 
the plant. The following uses permitted this district only are here 
catalogued: Abattoirs and slaughter-houses; ammonia manufacturing; aniline 
color and dye manufacturing; asphalt manufacturing and refining; blast 


furnaces; cement, lime, and sulphates manufacturing; chlorine bleaching- 


powder manufacturing; coal-tar products treatment; creosote and wood pre- 
serving use manufacturing; fat, grease, lard, and tallow rendering and 
fertilizer manufacturing; fish smoking curing and shell grinding; 
garbage, dead animal, offal, refuse reduction; gas manufacturing; glue, 
casein, size, and gelatine manufacturing; grist mills and grain elevators; 
industrial ‘poisons and chemicals manufacturing; junk, scrap, metal, rags, 
waste paper, and rubber storing and baling; lampblack manufacturing; oil- 
cloth and linoleum manufacturing; oiled rubber leather goods manufactur- 
ing; ore reduction; paints, white lead, shellac, varnish, and turpentine man- 
ufacturing; paper and pulp manufacturing; petroleum and products (refining 
and potash refining; printing ink manufacturing; pyroxylin plastic 
manufacturing (celluloid, rubber, and gutta percha manu- 
sewage treatment works; stock yards; tanning, curing, 
raw hides and skins, leather, hair; tar water-proofing materials; wood, 
coal, bone distillation grinding; wool pulling and scouring and shoddy 
manufacturing. 

order that the legal rights property may protected where existing 
buildings uses not conform with the established district regulations, these 
conditions may continued any district non-conforming. 
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The height districts are established for the purpose regulating the heights 
buildings districts within the city, and are divided into five classes: 


One times Height District. 

One and one-half times Height District. 
Two times Height District. 

Two and one-half times Height District. 
Three times Height District. 


The number times denotes the maximum height any building the 
street line such district, indicated terms street width, but each 
height district maximum building height limit fixed, ranging from ft. 
“one times” district 150 ft. “three times” district. Above the 
maximum limit, front setback provided for each district, varying from 
ft. height “three times” district, each foot setback. Rear set- 
backs are fixed each district twice the ratio the front setbacks the 
same district. 

Height exceptions are made, permitting the erection appurtenances 
buildings such chimneys, stacks, fire-escape towers, skylights, ventilators, 
and architectural adornments, such belfries, cupolas, minarets, pinnacles, 
spires and towers, and monuments, where such structures are not used for 
human and are appurtenant buildings mechanical struc- 
tural necessities. 

The area districts are established for the purpose regulating the areas 
and buildings, and are divided into five classes, each which 
the area interior lot that may encumbered expressed the per- 
centage the whole lot area. The districts are: 


the several districts there are mandatory directions for unencumbered 
areas the shape front, side, rear yards and courts and for fixing the 
minimum dimensions such. 

The administration the law placed the Zoning Division, Bureau 
Surveys, Department Public Works, which the planning department 
the city. Zoning certificates and permits for the erection, con- 
struction, alteration, conversion, relocation any building buildings, 
for and use, other than residential, for every non-ccnforming use 
residence districts, for any subsequent change use district, issue 
from the Zoning Division. Penalties are provided for violations. 

Changes, revisions, amendments may made the Zoning Commis- 
sion subject the approval Council. Petitions for changes may made 
the Zoning Commission the registered owners more than one-half the 
total block frontage any street between two main streets, and entitle such 
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petitioners public hearing. If, however, more than one-third such 
registered owners protest against such change, the appeal for the change shall 
not granted except vote three-fourths the entire Zoning Commission. 

the formulation its regulations, Philadelphia has had the advantage 
not only zoning laws other cities, but also the experience gained 
those cities the administration and practical operation their laws. How- 
ever, each city stamped with its own individuality, and, therefore, 
essential that regulations made establishing the principle zoning and the 
necessary attending maps with such degree flexibility promote and 
facilitate their practical application, and also permit free expansion the 
development and evolution the city require. 

The principle zoning one the fundamental elements wise com- 
prehensive city plan, and will help materially make the city not only greater, 
but better place which people may live health, peace, and comfort. 
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THE RELATION ZONING THE HOUSING PROBLEM 


Although zoning comparatively new municipal activity the United 
States, movement having deal with community development has received 
much popular support wherever its meaning and intent have been made en- 
tirely clear the people. This undoubtedly due the fact that offers 
maximum protection and benefit both public and private interests the 
matter urban development, with minimum expense and effort. Prac- 
tically the only cost attached the establishment and enforcement 
zoning code that contingent the making the necessary surveys and 
district maps, the drafting the the administration the law 
after its enactment. not too much prophesy with confidence that, 
after its advantages and benefits become more generally understood, the estab- 
lishment and enforcement zoning code will considered necessary 
the administration and development city the laying out streets, the 
erection buildings, and the construction public utilities. 

Zoning primary and essential element city planning and any 
thoroughly constructive and progressive program for the improvement and 
extension city, proper consideration had not only for the health, 
safety, and general welfare its people, but also for its future progress and 
prosperity. All zoning codes aim the same broad objects—the preservation 
health, safety, order, and general welfare, the promotion progress and 
prosperity, and the protection the rights property and the rights 
owners property such ownership and use. Zoning codes are somewhat 
similar building and housing codes, but are applied more discriminat- 
ing manner. Building and housing codes generally apply uniformly through- 
out city, while under zoning code city divided into districts, and the 
regulations may vary different districts provide for the particular needs 
each district. 

Zoning codes are established and enforced under authority the police 
power the State, and the protection and benefits derived from them are 
obtained without any liability for damages, far the use improvement 
private property may affected them. Police power, least the 
matter zoning, might better called community power, since the police 
have nothing with it. simply the power which the people every 
State have inherent right exercise through proper legal channels the 
interest the public health, safety, morals, order, and the general welfare. 
The Courts are the agencies through which restraints are placed the un- 
reasonable arbitrary exercise this power, and any new enlarged exer- 
cise it, protested, subject their review and approval disapproval. 
has always been zealously guarded against abuse, and its exercise has 
never been permitted exceed limits reasonably necessary for the protection 
the general public welfare. 


Chf., Div. City Planning and Municipal Eng., Pennsylvania Dept. Internal Affairs, 
Harrisburg, Pa. 
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Although the Courts have placed sharply defined limits the exercise 
the police power, they hold that not unlimited and that the validity 
zoning code will depend their judgment and interpretation the 
reasonableness and necessity the protection afforded where the regulations 
involve new enlarged exercise such power. Where can shown 
that the regulations are the interest the health, safety, morals, 
and order, they will doubt pass the legal test, but not entirely clear 
how far the police power can extended the interest the general 
public welfare. The greatest emphasis has been placed its use for promoting 
the public health, safety, morals, and order, but there are, among both lawyers 
and laymen, many earnest advocates the theory that the public welfare and 
also the progress and prosperity community are almost equally important 
matters public interest which may properly promoted through the 
exercise the police power. 
view appears harmony with the opinion rendered the 
Supreme Court the United States upholding the Los Angeles ordinance 
the Hadacheck case, which opinion, concurred unanimous Court, 
states that “there must progress and its march private interests are 
the way they must yield the good the community.” With this 
decision the highest Court the land guide, probable that rea- 
sonable regulations that can clearly and convincingly shown the 
interest progress and prosperity, will have fair prospect being upheld 
the Courts. This view also supported opinions handed down the 
Courts many cases confirming the right municipal authorities prohibit 
the erection public garages, apartment houses, and buildings for similarly 
inappropriate uses districts set apart for residential purposes. 

Except States where the constitution confers the necessary authority 
cities, held that enabling act necessary permit the enactment 
and enforcement zoning codes. During the past six years, twenty States 
have adopted such acts, twenty-seven cities have enacted complete codes cover- 
ing the entire city, and fifty-eight cities have such codes preparation; nine- 
teen cities have enacted limited codes and thirty-five cities have such codes 
preparation. 

one may judge the experience the cities that have enacted zoning 
codes, the establishment use districts and regulations are the most important 
problems efforts toward the zoning cities. The Courts have looked with 
favor the scheme designating certain areas for residential purposes only, 
but one cannot certain just how far one can differentiating residential 
areas for different types dwellings, and this important the search for 
solution the housing problem. 

acquiring land for either development speculation, real estate 
operator considers the surroundings and the best use which can put 
before invests his money prepares plans for development. takes all 
the necessary measures protect himself, and handling high-class real 
estate this protection accomplished placing restrictions the use 
property and the kind, and even the cost, the buildings erected it. 
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With this foreknowledge how the property developed, the operator 
position lay out proper system streets and provide the neces- 
sary drainage and other structures the most economic manner, and the 
grantees under him can feel certain that their investments property thus 
protected are safe. purpose zoning enable the municipal author- 
ities determine and have equally definite knowledge and control the 
general character the future development each section the city, 
order that the citizens may protected their investments well 
the use and enjoyment their property. This applies not only the home 
buyer and home owner, but the manufacturer and the merchant who will 
have greater opportunities expand their activities the section which 
they are located especially adapted to, and protected for, their particular 
kinds use. 

during his brief ownership property, within the power and 
authority real estate operator, establish regulations prescribing the 
manner which property developed, that will protect his grantees 
and their successors for all time, even for few years, should within 
the power the municipal authorities, acting the interest of, and for 
the protection of, all the people, establish and enforce similar regulations. 
The municipal authorities who are responsible for the progress and prosperity 
the city and for the health and safety its citizens, should have least 
equal rights with real estate operators establishing regulations protect 
the interests the people. 

One the great driving forces behind the zoning movement the desire 
for better homes, with all the comforts, conveniences, and contentment that 
the home supplies, and for the better protection the citizen the posses- 
sion and enjoyment the rights and privileges citizenship. The conserva- 
tion the health and welfare the people one the most vital purposes 
modern government, and way can this better more easily accom- 
plished than through the influence the home. The influence the home, 
its amenities, associations, and surroundings inevitably mould the character 
the citizen for good for ill. The ownership his home gives the 
citizen pride partnership the progress and prosperity the community 
and its institutions, and any measure proven efficiency for multiplying the 
number home owners and protecting their interests should command public 
support. Under the slogan “own your own home”, there has been con- 
ducted for some time very active campaign which has had for its purpose. 
the greater encouragement the home-owning habit among the people. This 
campaign has met with great success time when property appears 
practically the peak its value and when the future more likely see 
decline values rather than further increase. During this campaign, 
many people limited means have put all their earnings into the purchase 
homes and have mortgaged their future income, and therefore, the home 
they have purchased, practically the entire savings their life 
time work. Assuming this the case thousands instances through- 
out the country, appears only fair that homes purchased and held under 
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such conditions should have every possible protection thrown around them 
insure the permanence and stability their value and their desirability 
homes. Under existing conditions, there practically nothing protect 
either the value desirability such property for home purposes, since 
quite possible that some industrial activity more less objectionable 
nature, such public garage, soap factory, boiler works, may located 
immediately alongside even surrounding it, with the result that its use- 
fulness and value for residential purposes are ruined. Zoning would prevent 
such destruction value and home interests, would protect the home owner, 
insure better living conditions, and probably much discourage the spirit 
revolution and social unrest. 

almost every city certain areas may found which more less 
blight has fallen through the establishment either business industrial 
activities which have decreased the desirability property for residential 
purposes, and where values cannot re-established unless there comes 
demand for additional property that district for business and industrial 
purposes. Under properly established and enforced zoning laws, the conditions 
which obtain these blighted districts would stability 
use and value would created, which would not disturbed unless there 
should general demand the part property owners for revision 
the regulations permitting change use. 

zoning must considered primary function city planning should 
given early consideration the planning new town the extension 
existing one. Before any streets are laid out any buildings erected, 
the land included the project, any probable extension it, should 
apportioned for the different uses contemplated, industrial, business, and resi- 
dential, and their various types classes. Exact district boundaries, 
course, cannot determined this early stage development, but the 
most appropriate and desirable locations for various uses can roughly de- 
termined, leaving the precise boundaries established the street sys- 
tem projected and the land subdivided. 

Topography and natural physical conditions will largely determine the 
most appropriate use for which any given area best adapted. Industries, 
particularly large and heavy ones, should assigned level land con- 
tiguous streams, where they exist, and where rail transportation can 
made conveniently available. Business areas should also preferably 
level gently rolling land, centrally located with reference the distribution 
residential areas. There general tendency wherever zoning codes are 
being formulated establish two more classes residential districts dif- 
ferentiated the type dwelling prescribed for each class. This differen- 
tiation contemplates two distinct classes defined one-family dwellings and 
multiple dwellings and these may further differentiated type into two- 
family, row, group, apartment, tenement houses, hotels, lodging houses, 
The primary purpose, however, establish certain districts from which 
multiple dwellings, such hotels, apartments, and tenements shall ex- 
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cluded and the opportunity afforded for the enjoyment real home life 
quiet and peaceful surroundings. 

The housing problem directly affected zoning for residential use. 
Row and group houses and other types multiple dwellings that involve 
the intensive use land can much more economically constructed and 
provided with the necessary public utilities they are erected level 
gently rolling land which requires minimum disturbance natural con- 
ditions and movement material during development. One-family dwellings, 
dwellings the detached semi-detached type, particularly where they 
occupy large lots, can built more economically and with more satisfactory 
results hilly heavily rolling land than multiple dwellings. 
zoning would allocate land for the use which best adapted natural 
conditions far such allocation might practicable. The load the 
land determined the distribution and intensity industrial, business, 
and residential use, directly affects the cost constructing and maintaining 
all public works and public service. Property improvements and public service 
utilities constitute large item the cost housing which materially 
affected the nature the site and surroundings, and where the distribu- 
tion and load limit are predetermined districting plan and zoning code, 
large economies the construction streets and other public improvements 
become possible. 

industrial area requires street system quite different from that 
either business residential area. needs less number and less area 
streets, but they should wide, laid out straight lines, and most sub- 
stantially constructed for heavy traffic service. Other public service require- 
ments, such water supply and drainage, are also entirely differ- 
ent scale. 

business district requires street system that will have ample capacity 
permit the free and unobstructed movement traffic. Business streets 
should not excessively wide, and the areas necessary for adequate traffic 
service should obtained laying out the business districts much smaller 
blocks than are appropriate either industrial residential districts. The 
greatest intensity transportation and other public service will occur 
business districts and must provided for planning the street system. 

the residential districts that the predetermination the use 
land permits the greatest economies property improvement, street lay- 
out, and the construction and maintenance public works. After the system 
main thoroughfares has been established, the development intermediate 
streets for local use can accomplished little expense, they require less 
property and less costly improvements and this naturally reflected the 
lower cost housing project, from which the ultimate purchaser, and the 
tenant, should receive benefit. 

There difference opinion whether industrial workers should 
live within walking distance their places employment, but whether they 
should not, zoning scheme which predetermines the areas used for 
industrial purposes and the areas where the workers will live, will permit the 
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organization transportation system that will give quick and direct service 
between factory and home. 

The limitation the height buildings contemplated zoning does 
not greatly affect the housing problem, except cities where customary 
erect great apartment and tenement buildings. Such buildings should 
excluded from districts allocated one-family houses dwellings limited 
their type not more than three stories. Where they are permitted, the 
height should proportioned the light and air space around 
yards and courts—so guarantee proper lighting and ventilation. 

Area regulations are important controlling the density population 
and assuring ample open spaces adjacent dwellings for purposes lighting, 
ventilation, and family privacy. This one phase zoning that perhaps 
more subject scientific determination than any other, but yet there 
has been thoroughly satisfactory method determination evolved, and 
the phase which there Court decision act guide. 

Perhaps the greatest general benefits that may confidently expected from 
zoning will come from the development property for the purpose for which 
naturally best adapted and the guaranty stability use and value 
through the prohibition residential districts structures and uses that 
would tend destroy values, create blighted areas, menace the health and 
safety the people, and rob home life the privacy, comfort, and charm 
that contribute most the making healthy, happy, and useful citizens and 
prosperous and progressive city. 
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CITY PLANNING RELATION THE HOUSING PROBLEM 


The and wise development city dependent, great 
extent, the successful and practical application well conceived city plan, 
complete all its elements. The prime objectives city planning are 
provide, promote, and encourage the development the city such way 
that good living conditions will furnished and that business and industrial 
facilities will afforded. The lack city planning the past has resulted 
the present housing problem. now the public and 
municipal authorities the wisdom and necessity for making the city plan, 
remains remove those practical and legal obstacles which operate pre- 
vent make difficult the application and execution that plan. 

The housing problem due the abominable living conditions the 
congested districts cities, and the house shortage. follows that the 
standard living conditions and the evils congestion can only relieved 
gradually building along better lines. This, great extent, means the 
building the outlying and partly developed sections the city. far 
the housing problem concerned, means that the major street system, 
the first requisite any city plan, must laid down with reference 


from the home sites the secondary centers and the centers 


industry and business, with particular reference providing adequate and 
convenient arteries which will promote the building new residential 
districts; and further means that the major street system must legally 
adopted and defined that land development may conform thereto. The 
location and planning secondary streets, with proper reference the 
requirements traffic and development land, must receive greater atten- 
tion and more study detail than ordinarily given the laying out 
the plan the main arteries. The development secondary centers should 
receive the most careful attention order encourage the movement 
the home-seeker from the congested districts the newer environment, where 
the secondary business center should located and opportunity afforded for 
neighborhood and district activities and interests. 

The practical result the execution the city plan, confined necessarily 
its earlier stages largely city replanning and chiefly directed the con- 
struction new main arteries leading from the residential sections the 
main business center, has been constantly increase the load congested 
traffic streets and would seem tend ultimate strangulation traffic 
the main business centers. This probably due the fact that such improve- 
ments are for the benefit the entire city, whereas the development sec- 
ondary centers direct interest only those living interested that 
district. The conditions indicate that some the earliest steps executing 
the plan should directed toward the development secondary centers 
means encouraging local home building and relieving business section 
congestion. 


Engr., Bureau Eng., Dept. Public Works, Pittsburgh, Pa. 


| 
>? 
q 
e i 
q 
q 
q 


220 NATIONAL HOUSING PROBLEM 


The planning the rapid transit and utility systems should proceed with 
and form integral part the general city plan. The execution the 
city plan will further facilitated and made economically possible, and the 
growth the city promoted, the inclusion other elements modern 
city plan, such railroad, freight and passenger terminals, rail and water 
terminals, parks and playgrounds, harbor development, and the like. These 
are elements which contribute toward the payment the bills for city 
planning, and this factor, the last analysis, most important. 

The and development the main residential streets which might 
termed the minor secondary streets, most important element the city 
plan, inasmuch the wisdom and skill with which such streets are laid out 
depends, great extent, the economy with which the great mass residential 
streets can laid out and given proper outlets. The city plan, therefore, must 
set the machinery which will make properly plan and build 
the minor secondary streets. 

would seem that the further one goes into the detail carrying out 
the city plan, the more difficult the practical problems become. From the 
standpoint the municipal engineer, moderately conversant with the status 
the city plan, would seem that practice has failed keep pace with theory. 
“What shall would seem pretty well understood, but “how 
shall done” problem still solved. tie must created between 
those who make the plan and those who will ultimately carry out. Improved 
facilities for making possible carry out the city plan, that may attain 
its ends, must provided, and these may regarded partly technical, 
that higher standard professional service which must 
partly legislative character. 

The first step the preparation city plan, and the most important 
element this, the mind the city engineer, the street system. 

Next necessary that the city plan, comprehending the major street 
system and its extension minor streets, legally defined and adopted. 
Unless this done, city plan can will carried out, the uncontrolled 
development the city will make financially prohibitive. The writer has 
been much interested and impressed paper Mr. Frank Williams, 
entitled “Enforcing the City Plan”, which was presented the Pittsburgh 
meeting the City Planning Conference, and was submitted Mr. Williams 
the discussion the paper Arthur Tuttle, Am. Mr. 
Williams defines very clearly the nature and importance the problem 
enforcing the city plan. 

The advantages which the State Pennsylvania enjoys under the so- 
called Act 1913, under the terms which mapped streets are protected from 
encroachment new buildings, has been stressed recent discussions. The 
writer’s observation, from experience with attempts enforce this Act the 
City Pittsburgh, leads him believe that public opinion will make 
impossible rely this statute, its present form, enforcing the city 
plan. appears him that the Act and inequitable its 
operation and, unless unusual conditions obtain, will not carried out. 
The City Pittsburgh has City Planning Commission, operating one 
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the departments the City government. most excellent major street plan 
has been prepared group citizens—the Citizens Committee City 
Plan—and zoning ordinance under preparation. well conceived 
plan for the street system now available, but there would seem 
possible means, under present legislation, enforcing 
legally adopting the plan. Those projects which can carried out the next 
few years, will probably not greatly affected, but necessarily the program 
one which covers much longer period for its execution. would seem 
absolutely necessary that, street location, planning, and construction 
carried out with proper reference the controlling factors, 
carried out all, the State laws should provide for district assessment, 
excess condemnation, and the protection mapped streets. The necessity 
for these provisions more apparent city where the topography rugged 
and where practically the whole area which will developed the next few 
years, has already been laid out lots and streets. 

The restrictions imposed the old land subdivisions and recorded locations 
streets, and the absence necessary legislation, now make practically 
impossible lay out new streets with proper regard location, economy, and 
relation topography. result, building operations are not encouraged. 

The technical branch city governments must improved. 
technical service required, and city engineering departments must 
raised standard where they can, the proper point, take over the carrying 
out the city plan. the engineering department fails its execution 
the plan, the plan itself will fail. Precise surveys should made and the city 
monumented, and reliable base maps should prepared; otherwise, the cost 
the technical details will such that the plan will fail practice. 

The municipality should have not only city plan, but carefully con- 
sidered program for carrying out, and this means consideration costs and 
return—return increased taxation and service the city and its tax- 
payers anderesidents. There always grave danger, view the divergent 
interests various sections the city, that plan will not carried out 
its logical order, with the effect that the resources the city may dis- 
sipated without positive results. Certain improvements will have natural 
priority over others just the foundation house must built before the 
superstructure commenced, and the necessity for city plan program will 
evident, owing the fact that possible build the superstructure 
the plan, before its foundation. The order which the plan carried out 
important the plan itself. 

Properly conceived and wisely executed, the plan will pay for itself 
valuations from taxes. The City Pittsburgh has just widened one 
the down-town streets—Second Avenue—from ft. ft., and the in- 
crease valuations property abutting this thoroughfare has been enor- 
mous and would seem justify the improvement without much regard for the 
greater benefits which have accrued relieving down-town traffic congestion. 
The same may said the so-called grading the “Hump district,” which 
was carried out 1912, and which involved the reduction grade some 
the most important down-town streets, much ft. 
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the writer’s opinion, the greatest defect city planning the lack 
regard for that which financially and physically feasible. The factors 
directness and capacity many cases would seem over-shadow that cost 
and economy and there would seem disposition the part the 
city planner not the thing all unless done the best possible 
manner. The city plan, before its adoption, should subjected thorough 
review and criticism those most familiar with construction difficulties and 
costs, and the final plan should modified such particulars feasibility and 
cost dictate. 

conditions were ideal, the planning cities would out co- 

operatively the property owners, realtors, engineers, and architects, under 
the direction one skilled the broad problems city planning. Such not 
now the case, each element interested carries out its work independently and 
without much regard for the other. The war-time housing activities the 
Government have been the nearest approach such ideal arrangement. 
The writer believes that much can done securing co-operative action 
the city one hand and real estate and property owners the 
other, and that the establishment some kind board having jurisdiction, 
with proper facilities for appeal, over property subdivision and the laying out 
and legal location mapped streets, entirely feasible. Such board was 
suggested Mr. Williams the paper previously mentioned; and after 
review such various methods have come the writer’s attention, 
would seem that the future the enforcement the city plan lies the 
general direction indicated Mr. Williams. any event, when municipal- 
ity takes action, whereby the property owner prevented from enjoying the 
use his property, there should some commitment for compensation. Relief 
from taxation, temporary occupancy under restrictions, limitation the period 
prohibition building mapped street, commitment the municipal- 
ity carry out the actual improvement within given period, and such other 
provisions may devised protect the equity the property owner and 
enable the enforcement the city plan, will have considered. 

apparent to-day that the problem city planning not much 
concerned about the technical problem itself, the manner which 
can carried out, and that the solution the housing problem going 
delayed for many valid reasons until some one discovers how the new vision 
city planning can carried out economic and practical manner. 

The most important immediate contribution that can made would 
summarize the situation, define the problem, indicate various methods solu- 
tion, and formulate model State and municipal laws directed toward the 
enforcement the city plan. 
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WATER SUPPLY 


Present-day standards for public water supplies are high, and the majority 
American cities are delivering water from their supply works that meets 
these standards. The water from the supply works passes through iron dis- 
tribution mains the taps the consumers and, many cases, deteriorates 
considerably that the tap water does not exhibit high standard 
purity that recorded the point delivery. The reasons for this reversion 
quality are being studied water supply engineers and chemists, and they 
present variable and extremely interesting problems. The house builder and 
house-holder, however, are interested, rule, solely the water 
delivered the tap and seldom give much weight the reports its condi- 
tion the supply works. 

the source supply known polluted sewage, and spite 
reports clear, colorless, and odorless from the purification plant, 
the consumer occasionally draws turbid, colored water from his faucet that 
gives disagreeable odor and taste, his suspicions concerning the safety the 
supply are immediately aroused. will believe his own eyes and nose the 
discredit those the plant superintendent and will discount the fact that 
the difference due physical and chemical changes which take place 
the distribution system and pipes his own house. occasionally 
troubled with gastro-intestinal disturbances, will blame the water supply 
and exonerate his favorite dish oysters the half shell similar un- 
cooked delicacy. Just how far his fears are groundless, however, and how 
far there may some reason for them times, still matter specula- 
tion, although recent developments the field water purification point 
the necessity for better methods control and additional laboratory tests 
the operation some plants. 

Next the question the safety the water that its corrosive 
properties interest the house owner. Suppose five six 
years after house has been built, the plaster the ceiling becomes wet 
one more spots; the cause traced leaks the piping the hot-water 
supply, and the pipe found eaten through the action the water 
it. would not satisfy the owner know that the standard methods 
testing the water the supply works had always shown alkaline 
its reaction. The water delivered his tap acted acid his pipes, 
and would acid spite the records. almost equally burden- 
some trouble occurs the services and house plumbing some cases where 
chemically softened water supplied. The pipes gradually cake inside 
with deposited salts until water will longer run through them, and 
then they have taken out and cleaned renewed. Thus, corrosive and 
incrusting waters increase the cost housing over the country, and they 
have been accepted necessary evils for many years. would seem that 
inasmuch waters exist some localities state that will not seriously 


Cons. Engr. (Hazen, Whipple and Fuller), New York City. 
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attack incrust iron pipes, would possible treat corrosive in- 
crusting waters that they would equally passive their action. The 
realization this, however, hindered the multiplicity causes making 
methods applicable one particular case inefficient even detrimental 
the process purification another case. 

requires less soap than hard water, much more satisfactory for cooking, and 
makes possible wash clothes clean with less rubbing and, consequently, 
less wear. soft water, however, often more corrosive than hard water, 
and this particularly true when chemical treatment used the process 
purification. The question how much soft water should artificially 
hardened reduce its corrosive properties has not been answered general. 
Untreated soft waters are often furnished without any attempt adjust their 
chemical properties reduce their tendencies attack the pipes, and 
attention has been directed toward the installation brass pipes houses 
place the usual galvanized steel pipes. obvious that this method 
solving the problem increases considerably the first cost building, and 
doubtful whether the proper solution. Iron must still used the 
distribution system, and corrosive water will deteriorate quality while 
passing through it. the other hand, the water treated make 
passive before enters the distribution mains, will delivered the tap 
much better condition, and the necessity for brass house pipes will disappear. 

Besides the sanitary quality and physical attractiveness, the corrosive 
incrusting tendencies and degree hardness tap. water, the house-owner 
interested the service pressure. This dependent.on three factors, 
namely, the pressure which the water delivered the system, the relative 
elevations, and the adequacy the distribution pipes. small distribution 
system should designed for fire protection, and, therefore, should have 
capacity much greater than that required for the ordinary consumption 
water. the pressure drops considerably the service during the usual hours 
maximum consumption, certain that the street mains are inadequate 
for proper fire protection, and should reinforced. The question proper 
service pressure and fire protection simple problem and, there- 
fore, can expressed figures both size pipes and cost per 
service. The cost will vary according local conditions, but will less per 
service where the houses are near each other than where they are spaced far 
apart. 

fact that some waters not change appreciably passing through 
distribution systems, whereas other waters change, and comparison the 
chemical and bacteriological examinations the two types water, fails 
explain satisfactorily the reasons for the difference. these circumstances, 
necessary look for explanations along lines that would not indicated 
the present standard methods water analysis. The character city 
water supply actually observed the citizens the taps, whereas, 
great many cases, the records its physical and sanitary properties are 
made from samples collected before enters the distribution system. When 
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discovered that tap water falls below the accepted standard purity, 
will wise increase the efficiency the various steps the purification 
process that the residual impurities the water delivered the city may 


eliminated far practicable. 


Contrary common impression, water purification not developed 
such extent that water recently polluted can made pure the best 
spring water. Ordinary treatment either slow sand mechanical filtra- 
tion will not suffice remove all the impurities resulting from heavy pollution 
sewage and, these circumstances, would the part reason 
multiply the lines defense against the chance disease-producing agencies 
passing the consumer. good general rule would multiply the 
steps the purification process direct proportion the maximum con- 
centration pollution the raw water. Practically, this would mean 
purification for pure spring and well waters, free from iron and dissolved 
gases; plain mechanical slow sand filtration for reservoir lake waters, 
with scattered rural populations the catchment areas; filtration followed 
chlorination, there are sewered towns near the point taking; and, for 
the treatment river water which there unusually high concentra- 
tion sewage and industrial wastes, there might well used all the follow- 
ing: First, chlorination; second, chemical treatment produce optimum 
coagulation; third, storage sufficient length allow the most persistent 
sols time coagulated and equalize variations the dose required and 
that applied; fourth, rapid sand filtration; fifth, aeration; sixth, slow sand 
filtration; and, seventh, chlorination the effluent. first thought, these 
seven steps may seem superfluous, but the speaker has reason suspect that 
plant which used all these steps, with the exception the fourth, allowed 
water pass that may have been the cause epidemic diarrhea more 
than one occasion, when the second step was neglected only partly carried 
out. There always danger something going wrong with any one 
these steps, that the others should not used alone treating polluted 
water. 

evident that the cost thorough purification polluted water 
also, general, directly proportional the concentration pollution, and 
when this thoroughly recognized there will greater tendency pass 
over the polluted source near hand and source where pollution 
can controlled within satisfactory limits. clear that would not 
expedient far afield the search for pure water that money 
would left for the promotion other health measures, such the anti- 
tuberculosis and anti-malarial campaigns. Ordinary processes filtration 
supplemented chlorination have nearly eliminated water-borne diseases, 
even cases where the source supply grossly polluted, that the resources 
the community served with filtered water should directed toward the 
reduction other diseases for the present. Where improvements purifica- 
tion can made little additional cost, however, they should carried 
out, and wherever the margin cost between supply from polluted source 
and that from source relatively free from pollution small, the decision 
should favor the latter. 
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recent paper before the American Water Works the 
speaker pointed out some relations between colloid chemistry and water filtra- 
tion which seemed indicate explanations many phenomena water 
purification. analogy considerable importance was shown between the 
protective action organic colloids suspensoids and the possibility 
similar protective action suspensions bacteria. The following quotation* 
stated: 


“They thus stand between suspensoid and emulsoid sols, and this account 
have been represented suspensoids, protected emulsoid sol, 

the immune serum added the bacteria sol, the latter becomes 
much more sensitive would thus appear that the 
agglutinin the immune serum destroyed the protecting part the bacteria 
sol, which thus became suspensoid sol.” 


There seem excellent grounds for believing that bacteria protected 
adsorbed organic colloids exist polluted waters and that they exist, 
some them will pass the filters and chlorination process unharmed. The 
protecting colloids may keep them from starting colonies gelatine agar 
plates, and thus they would not detected. Later, the distribution sys- 
tem, possibly due the action ferric ion, the protective action may 
destroyed, and samples tap water will show the presence bacteria when 
the results the plant were negative. The acceptance this theory makes 
easy explain the apparent return life bacteria after filtration and 
chlorination and the variable longevity Coli and Typhi different 
waters. this the correct explanation these phenomena, the 
utmost importance reduce the residual organic matter minimum, 
all times, the effluents plants treating polluted waters. 

The reduction the colloidal matter quite marked slow sand 
filters, the load not too great, and probably due biological processes, 
but the reduction usually negligible rapid sand filters the absence 
coagulation. Chemical treatment necessary, therefore, for the complete 
removal organic colloids, and the use alum alone for this purpose inter- 
feres with the chemical balance the water making more corrosive. 
The application soluble alkalies offset the effect the alum adverse 
the efficiency the alum reaction the hydroxal ion peptonizes the emulsoids, 
increasing the total surfaces which, turn, require more alumina for coagu- 
lation. might said that the water likes eat iron give iron eat 
before gets the pipes, but this method pacifying the water has its 
drawbacks cost and difficulty removing the dissolved iron. recent 
method treating water counteract the acidity due the alum reaction 
has been the addition powdered carbonate which probably adsorbs 
the excess hydrogen ions together with acid cations, that the hydrogen ion 
concentration the effluent practically the same that the untreated 
water. There commercial product acting this principle—a mixture 
crushed alum and powdered calcium carbonate—that said giving 
excellent several plants treating soft colored waters. 


Taylor’s Chapter “The Applications Colloid Chemistry 
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The standard methods water analysis will not indicate what treatment 
must applied water reduce corrosion and until the present tests have 
been considerably expanded, will necessary experiment with each supply 
before the proper method chemical application can found for it. 
hoped that will possible the near future, through the elimination 
emulsoid sols, with their tendency protect bacteria, and carry with them 
adsorbed acids, and the scientific control the hydrogen ion concentration, 
reduce greatly the corrosive properties water supplies and put end 
the common apparent increase numbers bacteria the distribution 
system. this can accomplished, the present deteriorated condition 
many tap waters will disappear. The consumer will then draw from his faucets 
water approaching quality the high standard maintained the effluent 
from the filters. 

Not until recently has the large and useful field colloid chemistry been 
applied the study water purification, and has been found that many 
the reactions observed this chemical field are analogous phenomena 
that have long been noted water purification. Mention has been made 
the action organic colloids protecting minute suspensions, including 
suspensions bacteria, because this theory has been found explain the 
reactions observed colloid chemistry there reason why should not 
apply the processes water purification. easy visualize the adhesion 
coating organic matter about bacterium and reason from this 
what its protective action might be. Such coating could easily prevent the 
bacterium from sticking the sand the bed filter and through soaking 
chlorine could prevent the chlorine from reaching the enclosed bacterium. 
Furthermore, these organic particles through their power soaking acids 
may carry the acids through the filters become active contact with iron 
and heat the distribution system and house piping. 

not reasonable expect that colloid chemistry will give the final solu- 
tion many problems confronting the water-works engineers and chemists, 
but certainly step advance. Modern methods water purification 
have succeeded delivering effluents excellent physical and sanitary 
qualities. The largest problem before the water engineers and chemists 
to-day that delivering the consumers water that will good 
appearance and apparent health properties when leaves the purification 
works. 
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THE BASIC PRINCIPLES 
THE PUBLIC SEWERAGE MUNICIPALITIES 


The sewerage towns necessary protect the public health through the 
prompt removal and disposal human excreta, provide for the comfort 
the citizens, and important aid municipal expansion and development. 

long men live isolated from one another, generally possible 
obtain drinking water from well and dispose excreta and other wastes 
the surface the ground, provided proper precautions are taken. Town 
life, however, changes these conditions; the smaller tracts land and the 
proximity dwellings make unsafe obtain drinking water from well 
surrounded with cesspools and privies. 

With town life also comes the popular demand for bountiful supply 
safe drinking water, the desire for inside plumbing fixtures, and for fire protec- 
tion, which eventually results the installation water supply, and 
this, turn, creates need for the prompt removal the spent water supply, 
the sewage from dwellings, the industrial wastes from factories, and the 
abatement nuisance caused kitchen and laundry water gutters. With 
paved highways comes the need for prompt underground removal storm 
water. All these demands, therefore, lead public sewerage system. 

The officials responsible for the public works towns not realize 
ciently that the installation sewer system engineering problem 
involving technical knowledge and that economy municipal funds may 
secured through the engagement competent sanitary engineer. 

not uncommon find that the sewering town begun laying, 
say, 8-in. pipe down certain street, because there are houses along the 
owners which desire sewerage facilities, and heed given the relation 
between this particular sewer and the whole drainage area which ulti- 
mately will ought become integral part. The result this haphazard 
procedure that when the town grows, and becomes necessary extend 
the original sewer, may found insufficient capacity, otherwise laid 
that cannot extended, its outlet may too low elevation 
connected future intercepting sewer. 

Its ultimate uselessness sheer waste public money, which could 
have been avoided the preparation comprehensive sewer plan prior 
construction. engineer seldom has opportunity prepare such 
plan for entirely unsewered town and, therefore, the first work should 
obtain complete information concerning all known existing sewers, 
order that far possible such are suitable may incorporated the 
comprehensive plan. The main drainage areas the entire municipality 
should determined from the topography and the street plan, and prac- 
ticable and economical locations selected for the main and sub-main sewers 
each area. 


Asst. Chf. Engr., Pennsylvania Department Health, Harrisburg, Pa. 
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For the built-up parts the town site the complete sewer system can 
designed detail, with fairly safe assurance that future development will 
provided for and that only case unusual changes will relief sewers 
necessary the years come. 

For the drainage areas parts thereof present undeveloped and for 
which definite street plan has been adopted, the tentative location the 
main and sub-main sewers may generally determined from the topography. 
experienced engineer can estimate the probable future density popula- 
tion and quantity sewage per capita, and also the storm with 
cient accuracy estimate the run-off and for these data determine approxi- 
mate sizes and gradients the proposed main sewers the undeveloped 
areas, 

the design the comprehensive plan consideration should given 
the probable future admission sewage storm water from those parts 
drainage areas the town present outside the municipality, for must 
remembered that flowing water does not recognize municipal boundary 
line even though crosses drainage area. Topography not political bound- 
aries should govern sewer design. 

the future, annexation such outlying territory agreements between 
contiguous municipalities may make co-operative sewerage economical 
publie funds and that way justify the original increase capacity cer- 
tain sewers the comprehensive plan. 

The comprehensive plan should include least tentative practicable 
alignment, sizes, and gradients intercepting sewers, that the outlets 
main sewers may designed with such elevations that without excessive 
costs for pumping reconstruction all the sewage the town can con- 
veyed suitable site for treatment. This should done even where 
not necessary treat sewage the present, which case, general outline 
plans sufficient demonstrate the feasibility sewage treatment should 
prepared. 

Where the town site includes areas appreciable size both high land 
and low land, consideration may given the design two lines inter- 
cepting sewers, the higher convey sewage gravity the treatment works 
and thus reduce the volume low-level sewage which will have pumped. 
However, this does not always prove economical, sometimes the 
lessened rates flow low-level sewage, due the diversion the high- 
level sewage, may require gradients much steeper the low-level inter- 
cepting sewer that the cost construction seriously increased the 
deep cut possibly wet trench due proximity stream. 

decision must early made the preparation comprehensive plan 
sewerage the use the combined separate system sewers and 
although many elements enter into this problem, usually the controlling factors 
will the kind and extent existing sewers and the relative economy, 
determined comparative estimates the cost construction plus the 
capitalized annual charges each system. 

the older towns, rain-water culverts were constructed along the beds 
streams flowing through the town site and, later, utilized for the conveyance 
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sewage. This practice developed into the so-called “combined system” 
sewerage, which the conduits are made sufficient capacity receive the 
run-off storm water the drainage area, and the sewage also carried 
the same conduit the rain water. 

Later, became the practice many American towns-to provide sewers 
exclusively for the conveyance sewage and industrial wastes and con- 
struct entirely independent system conduits for the removal storm 
water. This method sewerage known the “separate system.” 

thought that the separation sewage from rain water means 
the separate system sewers would complete protection streams, 
all the sewage could conveyed treatment works, even during times 
storm, and also the volume sewage pumped treated would 
considerably reduced through exclusion all rain water from the sewage 
conduits. actual practice, however, these results are not obtained. Rain- 
water connections are made the sewage conduit and sewage connections are 
made the storm-water conduits, both willfully and through ignorance, and 
thus frustrate the anticipated purpose. 

many cases small town first can only afford install the sewage 
conduits the separate system, and must tolerate the storm water flowing 
along the street surface until the municipal finances permit the construction 
the supplemental storm-water conduits. 

towns having large drainage areas with relatively flat topography, the 
combined system more likely prove the cheaper, while smaller towns, 
especially those with rugged topography, traversed streams, the separate 
system will probably the less expensive the storm-water conduits will 
relatively short, because they can discharge near-by stream and thus 
will not attain such great length and large size they drained the 
larger flatter areas. 

For diverting the dry-weather flow sewage and the first flush storm 
run-off from combined sewer system sewer, and for per- 
mitting overflow excess storm water the stream, there are many devices 
use. Most them include dam across the invert the combined sewer 
and gate for the admission sewage the intercepting sewer, controlled 
float governed the height the water either the intercepting sewer 
the combined sewer. Those devices with the fewest moving parts are 
most likely economical both constructing and maintenance and, what 
more important, reliable service. 

The widest variation rate sewage flow will obtained from short 
drainage areas having relatively steep territorial slopes and, conversely, the 
least range from large flat drainage areas. Also, small streams having. pools 
sluggish velocities need higher degree protection against storm-water 
overflow containing sewage than large streams with relatively high velocities. 
These factors must borne mind, connection with intensity storms, 
determining the depth flow the combined sewer which overflow 
may permitted. 

most important designing sewers for the collection either sewage 
storm water make careful estimates the future development the 
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area drained, order determine the ultimate run-off which the sewer 
will probably have carry. Not only the average rate flow should 
estimated, but also the maximum rate, and, addition, factor 
should used insure against future maximum flows causing the sewer 
become surcharged. Minimum flows, especially during the period before com- 
plete development, should considered, lest too low velocities and 
result deposits and foul sewage. 

The restrictions zoning code have direct influence the design 
and economy comprehensive plan sewers. Industrial areas probably 
will produce the highest rate sewage flow per acre. Closely built-up resi- 
dential areas will produce higher rates flow per acre than the open develop- 
ment suburban residences. town built sloping site, the bank 
stream, probable that zoning regulations will confine the industries 
near the banks the stream, and the open residential area will 
near the high land. These conditions make possible the use sewers 
relatively small capacity the summit ends and not require provision for 
the highest flows per acre until the lower ends the sewers are reached. 

Fresh sewage has practically odor, but stale sewage the 
tion the content the cause offensive odors. Therefore, the 
sewer system should designed, constructed, and maintained that the 
sewage will delivered the place disposal the treatment works the 
shortest practicable time and such velocities will prevent deposition 
solids. Therefore, sewer inverts should laid straight gradients, junctions 
should made prevent the formation eddies, minimum velocities 
should not below ft. per and the interior surfaces should made 
smooth possible. 

Thorough ventilation sewer system also needed help retard the 
decomposition the sewage and reduce the hazard workmen who may 
enter the manholes the sewers. least new sewer systems, house 
sewers should directly connected, without the use the “main house 
trap” and ventilation provided through the main house stack the plumbing 
system. Such ventilation makes unnecessary open-top ventilating manhole 
covers which, when located other than most durable street pavements, 
afford opportunity for grit, cinders, and other detritus enter the sewers 
from the highway and, the absence high velocities, cause deposits the 
sewers or, carried forward, cause trouble the sedimentation tanks the 
treatment works. 

all cases where sewage must pumped treated, where such may 
required the future, the infiltration ground-water the sewers should 
reduced economic minimum through the use tight joints pipe 
sewers and impervious construction masonry sewers. 

Since industry the life many communities, should encouraged, 
and not hindered restrictive legislation prohibiting the use sewers for 
the conveyance suitable industrial wastes. The treatment industrial 
wastes the point origin costly, oftentimes prohibitively so, unless by- 
products can recovered. the interest community receive 
suitable industrial wastes into the sewer system, except those which 
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may injure the structure the sewers, interfere with the free flow the 
sewage, seriously affect the successful operation sewage treatment processes, 
cause tastes and odors public water supplies taken from the stream receiv- 
ing the sewage. 


cases where industrial wastes are accumulated tanks the 


the peak load the sewer system the possible difficulty operating the 
sewage treatment works can reduced materially the discharge the 
industrial waste over relatively long time rather than intermittent dis- 
charge large quantities. 

Sewer systems like any other utility, require maintenance. Just because 
the sewers are unseen and underground, they are usually neglected. 
deposits form they should removed, and damage the structure the 
sewers should promptly repaired. How else can the sewers render efficient 
service 

The main sewers town are almost always laid the valleys the 
drainage areas and therefore convey the sewage some near-by watercourse. 
This means that the water-borne filth the town transferred from the 
premises some body water. 

The conservation natural resources the surface waters the United 
States demands that streams and other bodies water must not rendered 
unfit for normal use the undue discharge sewage into them, and several 
States have enacted laws control the matter. 

The protection the public health requires that streams used sources 
public water supplies shall maintained such condition that the 
water can purified safely, reasonable cost, and made fit for drinking 
purposes. Common decency calls for clean streams, that is, free from nuisance 
sight and smell sewage origin. Therefore, the degree treatment 
which sewage should subjected, order meet these requirements, varies 
between wide limits, depending the use and conditions the receiving 
body water. 

Disposal sewage dilution proper scientific method cases where 
there ample flow water assimilate the sewage inoffensively and 
stream clean condition, and where the discharge sewage 
will not endanger source public water supply, shellfish beds, bathing 
beaches, other uses requiring hygienic standard. 

Where the receiving body water cannot assimilate the crude sewage, 
but can receive the dissolved and non-settleable solids without danger 
nuisance menace the public health, the required degree treatment 
can obtained sedimentation the sewage remove solids appreciable 
sizes, even few cases fine screening. 

The separation the deposited solids sludge from the part 
the sewage, the Imhoff tank, where the sludge removed separate 
sludge digestion tank, materially tends prevent the increase the oxygen 
demand the tank which occurs when the decomposing sludge 
direct contact with the settling sewage. small installations, however. 
where efficient operation not likely obtained, the much abused septic 
tank often proves far more successful than many idealists believe. The real 
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difficulty the sedimentation sewage the de-watering and final dis- 
posal the resulting sludge, and not securing free settleable 
matter. 

Undue economy design order reduce cost construction frequently 
results the sludge compartment sedimentation tanks being too small 
permit retention sludge long enough for thorough digestion the organic 
matter; and during the operation the tank the careless withdrawal the 
sludge places the drying bed more watery sludge than need and one 
containing undigested organic matter. These are the causes the offensive 
odors during the slow drying the sludge. With tank proper design 
and with skillful operation, the danger nuisance from drying sludge 

cases where the receiving body water cannot assimilate the putrescible 
dissolved and non-settleable matter the effluent sedimentation tank, 
further treatment required reduce the oxygen demand. This may 
obtained through oxidation means the trickling filter, contact bed, 
intermittent sand filter, may deemed most economical suitable local 
conditions. 

Where the conditions, the distance, and time travel between the point 
discharge partly completely treated sewage and the intake public 
water supply are insufficient insure appreciable death rate the 
pathogenie organisms the sewage and produce the water-works intake 
raw water susceptible economical and safe purification, the disinfection 
the sewage effluent should adopted additional safeguard. 

Both chlorinated lime and chlorine gas are used for this purpose, the 
quantity depending the organic content the sewage effluent and the 
degree removal bacteria required. solution chlorinated lime may 
prove more reliable than chlorine gas, because the slower action the 
former permitting opportunity for penetration solid particles. 

The addition chemical germicide crude sewage naturally can only 
affect the bacteria present the liquid, small particles and the outside 
large particles. When, later, the large particles disintegrate, they liberate 
the organisms which have been unaffected the germicide, and the fancied 
protection nullified. 

‘In their design and operation sewage treatment works involve many scien- 
Successful and economical results cannot obtained except 
through skillful design and intelligent operation. sewage treatment works 
can more run itself than power plant, and yet many municipal officials 
think and act accordingly. 

Every municipality should have carefully prepared com- 
prehensive plan sewerage and construct the various sewers thereof neces- 
sity arises and funds can made available. 

The sewers should designed, constructed, and maintained that they 
will promptly convey the sewage fresh condition possible 
proper place disposal. 

The degree treatment the sewage should sufficient maintain all 
times the receiving body water clean condition and fit for normal 
reasonable use. 
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LEGISLATION AND FINANCING 


The housing problem not the problem the rich the moderately rich, 
much that the poor the moderately poor. There are numerous 
vacancies to-day New York City the houses occupied the well-to-do, 
but there are practically vacancies for the poor. Such vaeancies 
exist, have been created, part, new construction better class apartment 
houses and, part, migration from the city into the outlying districts. 
The poor, however, cannot migrate; they must live near their work. The rents 
the poor have risen quite much, proportionately, the rents the rich, 
and they have met this increase either doubling wherever possible, 
moving into poorer and less sanitary quarters. There were great many 
vacancies former days the cold-water flats, but these flats are now filled 
with families who formerly lived steam-heated apartments. The menace 
great where large part any community compelled, economic condi- 
tions, lower its standard living. true solution the housing problem 
will reached until ways are found furnish homes people moderate 
means. 

Statistics indicate that great deal building now being doné 
New York City and vicinity. The Building Trade Employers Association 
reports the following comparison for the period from January December 
10th, the years 1920 and 1921: 


1920 1921 


$96 686 325 $121 862 741 
130 600 043 648 


This construction will provide homes for families, and predictions 
are made that greater amount construction will undertaken 1922 
than 1921. Although these figures are encouraging first glance, they are 
not the contrary, examination the causes which are 
responsible for the present building indicates that there are certain funda- 
mental defects the situation, which are anything but encouraging. the 
first place, this spurt serves keep the wages the building tradesmen 
time when wages all other trades are receding. the second place, 
the types buildings that are going not offer any real help the people 
who most need homes. present building costs, accommodations 
furnished less than $15 per room per month, and this more than the 
average skilled workman can afford pay. 

Furthermore, not only are the single-family and the two-family houses 
that are being built the outskirts, erected only for sale and not for renting, 
but the apartment houses that are going various parts the city are 
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being erected builders for the sole purpose sale. Investors are not helping 
to-day. The largest builders Queens County are longer building apart- 
ments rent. One the largest and most important companies the Bronx 
cancelled 000 development after had erected only worth 
buildings, and the Realty Associates, its last annual report, made the 
following statement: “Because the effect the rent laws passed the 
Legislature 1920, the Realty Associates has practically ceased the construc- 
tion multi-family buildings and assistance them.” the one 
hand, there artificial stimulation speculative building growing out 
the effect the tax exemption ordinance, and the other, there the 
retarding effect the rent laws. time goes on, and the period tax 
exemption grows shorter, the effect the tax exemption ordinance will weaken. 
long the rent laws are effect, investment building multi-family 
houses will practically nil. Therefore, the appearance prosperity the 
building trades should not deceive, but should direct, the earliest possible 
moment, thoughts and energies toward modification the rent laws, that 
tenants may protected and investment funds attracted the building 
market. 

Mortgage money more plentiful to-day than was year ago. short 
time ago eleven institutions banded together and offered 900 000 for building 
loans. Already 435 building loan mortgages have been financed from this fund, 
and promise made more money for this purpose. The Metropolitan 
Life Insurance Company states that from January 1st, 1920, December 16th, 
1921, has loaned $18 774 357 068 dwellings and $49 205 750 589 apart- 
ment houses, total $68080107. this large amount mortgage 
money, which has been made available for housing purposes, $45 680 200 has 
been placed Greater New York. Although these and other institutions are 
making generous appropriations for housing, private funds, which ordinary 
times would seek the mortgage market, have been withdrawn from it. The 
reason for this not far seek. Mr. Clarence Kelsey, President the 
Title Guarantee and Trust Company, states that: 

“The present high surtaxes make mortgages actually produce very 
little more than 3%, and they are much less desirable than other securities. 
Farm loan bonds are exempt from the income tax. There are more than 
$20 000 000 000 exempt securities this country already. Men 
who are the business attracting money into the mortgage market see very 
plainly that there are only two practical remedies, one reduce surtaxes, 


that money will not sucked into the tax exempt securities, and the other 


The exemption suggested Mr. Kelsey the same recommended 
Senator Calder’s Committee Reconstruction and Production. This 
Committee reported favor amendment the Revenue Act 1918 
exempt from taxation interest loans $40 000 improved real 
used for dwelling purposes, when such loans are held individual. 
there going any sucking funds into tax exemption securities, let 
some way found suck them into building mortgages. Tax exemption not 


i 
4 


THE NATIONAL HOUSING PROBLEM Papers. 


provide protection where protection most needed. present, the effect 
tax exemption provisions works the interest the rich. The exemption 
suggested would tend help the poor, because would attract into 
the moderately priced houses. 

The true solution the housing problem, however, not found 
legislation making available greater amount mortgage money. The 
true solution the production low priced homes, and these cannot 
produced with labor costs their present levels. There has been improve- 
ment labor efficiency the last year. the cost peak, efficiency was not 
over 50% the normal. Bricklayers, who the pre-war days were accustomed 
lay from 1500 bricks per day, 1920 were laying only 600 bricks 
per day. one case, with which the speaker familiar, man laid few 
450 bricks per day, and, when the contractor discharged him for inefficiency, 
the whole gang bricklayers walked out. What was true bricklayers was 
also true other building trades. The wages building tradesmen increased, 
the average, about 100%, and their efficiency decreased approximately per 
cent. Estimates made to-day show that building costs are still 100% higher than 
pre-war levels, and until there further improvement efficiency and 
substantial reduction wages, will impossible produce homes for 
people moderate means, rent the basis $10 per room per month, 
which all that these people can afford pay. 

The effect improper housing felt not only the physical well-being 
community, but its and moral aspect. Unless something done 
the near future house comfortably and sanitary way, the large mass 
the people, the citizenship the country will suffer. is, therefore, 
the utmost importance that waste building ruthlessly eliminated, and 
that building tradesmen induced accept their own interest lower 
wage than they are receiving to-day. 
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LEGISLATION AND FINANCING 


The speaker has given especial attention the subject zoning, and 
will try cover somewhat broader field than legislation regarding zoning. 
the suburbs New York City and most the large cities proper 
restrictions were always applied high-class residences. only since 
zoning has come the City New York that the small house has had any 
assistance protection, such the private restrictions afforded the more 
wealthy people; but private restrictions, even they were adequate, were 
troublesome because they often resulted litigation. They were usually fixed 
for term years and thus would not permanently affect neighborhood 
after the restrictions had lapsed. Non-conforming buildings, apartment houses, 
and business would invade the locality where the restrictions were contra- 
dictory character. The Courts were apt set them aside because 
change character approaching the neighborhood, and there was always need 
celerity the part the private citizen order protect himself under 
these private restrictions, because was guilty negligence, the Court 
would consider that his rights had evacuated. 

Zoning has brought better protection the homes the well-to-do than 
private restrictions; but remarkable development perceptible that 
beginning protect the homes people moderate means. The zones 
are residence districts, which permitted the construction building 
covering not more than 30% the land. The intention was protect 
good suburban development; but during the last three years there have been 
least eight petitions place the people moderate means “E” zones, 
where apartment houses and block houses are barred. 

One these localities, known Glenmorris, the Borough Queens, 
has buildings valued from many them, however, about 
500. Those small homes are protected, and the person small means who 
has bought one can sure having home for himself and his children, 
thus bringing about permanency and desirability small homes Greater 
New York. greatly desired that even New York, the workingmen 
should have his own home. 

home owner good citizen because takes interest the com- 
munity, the streets, the upkeep, and the expenditure money the city. 
owning his own home all ways better and more thrifty citizen 
than one who paying rent. difficult accomplish much Greater 
New York along this line and yet the rapid transit and the zoning are 
bringing about the possibility person very moderate means owning his 
own home. 

The old City New York was long city, with small amount land 
and long distances travel. Development during the last years has tended 
produce round city, which has the greatest area for the shortest distance 
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from the center. To-day, land $700 per 20-ft. lot can obtained fairly 
near good rapid transit. 

Houses that sell for $4500 can produced present prices 
ft. land within min. walking distance the 5-cent rapid transit 
the Borough Queens. The production one-family houses, however, not 
going accommodate the people the City New York. There need 
multi-family houses. 

Mr. Robinson has covered the fundamental considerations regarding those, 
and the reasons why they are not being built New York City. Zoning has 
application multi-family houses. does not allow the congested building 
residences that could once placed New York City. present, there 
are the “E” zones, and also the “D” zones, about 65% zones, suitable for 
block houses and small apartment houses, which prevented the erection 
unnecessary multi-family houses. There are enormous areas “D” dis- 
tricts Staten Island, Kings, and Queens. 

The zoning New York City, however, should have more intimate rela- 
tion the prevention congestion than was considered the time the zoning 
was planned and passed the city. was novel enterprise. what 
extent the Courts would uphold was unknown. was desirable far 
there was certainty that the Courts would back it; and when that was dis- 
covered, the intention was, some respects, find methods more adequately 
preventing congestion. 

One method certainly the introduction districts which there will 
greater percentage than the district 30%, and less than the “D” 
district 60%, something like 50% district. 

New York City slowly becoming better place for workingmen have 
their homes. The suburbs are being opened rapid transit they never 
were before; and the increase the periphery Greater New York and the 
accessibility this property transit has been great that the land avail- 
able for this purpose comparatively inexpensive. 

This brings the subject police power. All the regulation that can 
brought the large cities, behalf better protection families their 
homes, must done mainly under the police power. The police power 
that power the State, which can invoked for the protection the health, 
safety, morals, and general welfare the community. Zoning perhaps 
generous grant that power has ever been made States cities; and 
the Courts have affirmed the City New York, the highest Court the 
State having declared that zoning constitutional invocation the police 
powers the State. all these invocations the police power for the 
protection housing, are some fundamentals that have come out clearly 
the litigation that has arisen regard zoning. The Zoning Enabling Act, 
rather the amendment the Charter enabling the City New York 
pass zoning resolution ordinance, was intended donate all the powers 
relating height, area, and use buildings. 

That effort was not successful. Part the powers were granted; and 
splendid grant power the city; but one wishes include zoning 
limitation families per acre, desirable state the Enabling Act 
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that the city shall have the power restrict families per acre; 
done any other method there must statement that sufficiently 
adequate allow the city exercise that particular method establishing 
the police power. The speaker wishes urge any one who endeavors draw 
Enabling Act that will grant cities the power protect buildings, 
take great pains the language used, preferably using broad language, that 
will allow the largest scope the power. that cannot done, then enough 
should included the way specification accomplish the result desired. 

Some the zoning laws the State are not being upheld legal deci- 
sions, because the Enabling Acts were not adequately drawn accomplish the 
zoning which the cities placed the ordinance. the City New York there 
trend sentiment that affects this question. Mr. Robinson referred 
plainly. The speaker not sure that can more explicit than Mr. 
Robinson, but wishes suggest that there sort social insistence— 
will not call Karl Marx socialism, but along the line this great wave 
that going all over the world—the voter considers that his vote 
can affect the price the things consumes; and from that concludes 
that will his vote affect the price get them cheaply possible. 
That reflection his vote operates against public utilities. 

honest public utility desirable for city honest apartment 
house. honest investment something that the people need, until 
the city can construct and operate the same thing for them. Most the cities, 
the United States least, have not arrived the point where they can 
that; and the voter casts his vote way that thinks going lessen 
him the price the thing consumed. This relates transit and other 
utilities. relates apartment houses, reflected these laws that seek 
make the consumer the favored one. 

will noticed that all these laws affecting prices the consumer are 
“nailed down” the City New York and cannot get away. They are not, 
for example, like wheat, because wheat would sent Philadelphia, some 
other place; but when thing actually “nailed down” New York, there 
seems advancing sentiment that the consumer his vote will make 
the price that which 

One the dangerous elements legislation along this line that 
prevents capital from coming build what necessary for the consumer. 
Sooner later, this delusion will stop; when the voter perceives that his apart- 
ment house, his utilities, and the things needs, are not being afforded 
him, may then realize that one the reasons, least, why they are not 
being afforded because his vote has driven other places the capital 
that would increase public utilities and apartment houses. 

investment must earn fair return and fair return that rate which 
will induce other money come for additions duplications that same 
thing. legislation brought about the consumer vote makes impossible 
for fair return new investment, then that money going into something 
else. The consumer will discover that there must change attitude 
order attract capital, which absolutely necessary for the city. 
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One might say, the city itself can all these things; but the experience 
Vienna was most disastrous; and New York City the speaker presumes 
that until tenure office more fixed, until there greater fidelity public 
duties, until there opportunity for the public administrator obtain 
greater skill the performance his work, going doubtful 
whether the city can substitute itself apartment houses small homes, 
many these other things, for the private investor; and one can conceive 
that for some time least the private investor must depended on, then, 
probably, among other things, there will change attitude that will 
attract capital the great cities. 
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LEGISLATION AND FINANCING 


The whole housing problem replete with disorderliness. The financing 
left critical point the large institutions, this being known the 
point double security. Here, left finished those who drive sharp 
bargains. Construction methods have little them that should not changed. 
The styles houses that have been most largely produced not have the 
approval architects engineers. The people are still struggling throw 
off the yoke mid-Victorian badness the East and what may well styled 
the “near-Pullman” the West. 

During the World War and the period activity which immediately 
followed the armistice, tremendous movement peoples took place, which, 
general, was gathering around industry. These people have usually been 
below middle age, for always youth that mobile. They have been 
and are still restless—as youth always restless—they have added streak 
independent action the normal restlessness, because many them 
have been the Army where home restraints were removed for the first time. 
They are also more independent than usual among Americans, because 
the invigoration physical development these able-bodied young men. 

The training the Army, and those who stayed home well, has 
been such that there place left for the unsanitary, ill-lighted, badly 
designed, uncomfortable tenements, and the speaker sure that the imme- 
diate future there will found entirely new clientele for the new homes. 
This clientele will present new demands which must recognized the 
building program. The dull, dismal, colorless home which has been pro- 
fusely built the last fifteen twenty years must eliminated. 

Every radical change (and the building business going through one now) 
develops confusion the start. confused state mind evident the 
present time, regarding the building homes, and the few clear, outstanding 
facts ought this time emphasized that they will have the clarifying 
action public discussion and, when developed, have the endorsement public 

This Society does well give attention the housing problem this 
time, when chaos predominates and when standardization methods and 
are the moulding period. 

The speaker will read few words from leading thinker our generation, 
who has given attention the fundamentals with clear vision, written 
the mature years after extremely busy and thoughtful life. Dr. William 
Tucker says: 

“The social curse industrialism now exists lies its effect upon 
the disposition and temper industrial workers. has taken away from 
them the zest for work, than which nothing more necessary social progress. 


This alienation spirit the man from his work evident the higher 
ranks industrial labor the lower ranks. 


Gen. Bridgeport Housing Company, Bridgeport, Conn. 
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has put him under the domination the machine; has 
subjected him various conditions not his own choosing; and has 
deprived him the stimulus and incentive private ownership. 

“No man can satisfied with his work, who not allowed share the 
responsibilities and rewards private ownership. Industrialism, under present 
conditions, deprives its workers this satisfaction. makes provision for 
their individuality. swallows the individual the class, leaving him 
just complaint over his unsatisfying lot. And the most disheartening fact 
that those who suffer most from this lack industrialism have sought for 
compensating equivalents rather than for reform the system.” 

These statements, written ten twelve years ago, stand out because 
their clear expression the cause the difficulty, which industrialism 
working its change the community and the suffering the individual 
result service industrialism. 

The industries themselves are changing, and great strides have been made 
some important organizations toward the distribution ownership. The 
speaker refers especially the United States Steel Company and many other 
companies, which have largely distributed their stock satisfied employees 
basis purchase within the power the wage earner, and this 
distribution have earned the good will large number their best workmen. 

Looking honestly the building business to-day, one confronted with 
the fact that the selfishness and unfairness the building trades have been 
sufficiently exposed that the people know there have been frauds the 
cheap, speculative builder, excessive interest rates charged the money 
lender, and very low return has been given labor, which has shirked. The 
industry has been hampered bad laws, both written and unwritten, and 
unfortunate customs and compromises the builder through his associations 
and the workman through his trade unions. These influences have been 
extremely subtle and far-reaching. 

Indications, however, the buildings now under construction, show that 
more work being done the trained mechanic, because the keen compe- 
tition for the job and the speaker believes also, because the mechanic himself 
has learned, part least, that limiting his output un-American and not 
accordance with the rules the game. rational apprentice 
system not being developed. Interest rates have been excessively high, but 
are now lowering. little difference between the statement the 
financial leader when says “Money must receive for interest what worth 
the open market”, and the statement the labor union delegate when 
says for his men the union, “We can get the high wage and small day’s 
work and are going it”. The wages money and the wages men 
constitute the principal items cost the building and owning homes. 

Ten years ago, the relation between the material cost the job and the 
labor cost for installation was the proportion approximately 70% for 
material and 30% for labor. Two years ago, this proportion was changed 
40% for materials and 60% for labor, and, the present time, about 
50% for each. The cost materials the job largely matter labor 
itself. 
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The Engineering Profession should take and study sufficiently this 
time the whole problem such manner furnish the builders the’ 
industrial period ahead, clear-cut outline available materials, efficient 
methods construction, and rational means financing. The use labor 
effectively the one great problem for which engineers are qualified best 
solve. 

Let the industrial and financial groups which the housing problem 
extremely important, assured that every phase has been studied with 
analytical care thorough eliminate all the excesses which have been 
marked that the public has taken cognizance them. 

Let the engineering societies join hands with the architectural institutes, 
the mechanical societies, the banking group, and the manufacturers’ associa- 
tions joint effort lay down clean-cut specification for the materials 
which should enter into the construction the homes the people, the proper 
methods building, and the proper costs for various items construction, 
going sufficiently deep into the problem reach the proper output for day’s 
wage the various trades, and, addition, establish proper plan finance 
which will insure wider distribution ownership. 

committee, working with broad views this problem, will find tremen- 
dous amount variety the requirements homes and the regular human 
factor which enters into all our problems and, well, definite prejudice 
regard details and methods. All these are such that careful analysis will 
lead clear view the proper program for building the immediate future 
000 houses the United States. 

The speaker wishes point out few the fundamental items which 
must reviewed, changed where found faulty, and standardized after study. 
These will classified follows: Construction items, family needs, and 
financial methods. 

Construction Items.—Of the items construction which will show the 
greatest result economy and the greatest change methods building, the 
following seem the most important. 

Excavation methods are wrong because they employ either hand labor 
horse labor the majority cases. Small machines are needed and must 
developed for the proper handling small volumes earth. Large machines 
for heavy excavation have been developed the highest point efficiency, 
but little effort has been made with the small machine. 

Foundations themselves have been built “rules thumb”, which have 
found their way into many building laws various cities the United States 
and have affected seriously the cost construction. Foundations should 
factory made, transported and erected with proper machinery part the 
manufacturing plant equipment. 

Timber framing has been used for practically all the development since the 
Civil War, “rules thumb” and not accordance with engineering prin- 
ciples. Joists and studs have been placed in. centers, principally for the 
reason that the waste lumber which made into wood lath, will not span any 
greater distance with safety; whether the span large small, the normal 
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spacing the house to-day in. Although some variation the depth 
‘of the joist has been made, this variation not accordance with the load 
requirements. 

Framing methods are fairly well established, but the cutting timber 
the forest still follows largely the 13-ft. rule. Tremendous waste caused 
the cut-off ends lumber. The whole lumber industry and the use the 
lumber buildings should standardized and put engineering basis. 

The next item importance piping, which includes the heating and 

plumbing throughout the building. work has been undertaken for 
the plumbing industry, and that little has been resisted 
the plumbing trades every turn. Sanitation cities outside the 
buildings has been given intimate study expert professional men, and this 
Society has furnished notable examples who have done wonderful work, 
whereas. practically progress has been made toward the solution the 
problem plumbing inside sanitation. 

Hundreds cities have many different building codes, intricately drawn, 
authorized common council composed mediocre laymen, influenced 
group badly trained who have insisted excesses without 
question, under the guise sanitation, and not doctor sanitary engineer, 
with few exceptions Government work, has ever been hearing 
had word say about these building laws. Regulations the trades them- 
selves have limited output excessive degree. 

The speaker will cite one example that standard throughout many the 
States. the piping trade, pipe in. diameter less may cut 
the shop machine, but must cut hand the job. Nine-tenths 
the pipes building are probably under this diameter, therefore nine-tenths 
the pipe for plumbing and heating work still cut man power 
temporary bench, with hand tools. All this can overcome standardization 
the plumbing layouts that the full requirements 
shipped the job the factory, ready cut for installation and largely fabri- 
cated. 

This item piping alone demands the most careful study some com- 
petent engineer who will have the courage and convictions into this 
problem with the knowledge that forceful methods will required, since the 
opposition plumbing industry, not only tradesmen, but manu- 
facturers well, will encountered every turn and will continue oppose 
until the strength public opinion has given endorsement revision 
this part the building process. 

The speaker believes the elimination back-venting and the substitution 
anti-siphon traps, with relief venting, loop venting (which used 
the Government) should immediately endorsed the engineering societies 
since sufficient data are available warrant this conclusion. 

Plastering the present wet process average buildings constitutes 
setback bringing water into the building time when everything needs 
dry, wetting the timber and trim members, and causing delay and 
serious damage the plaster itself account the swelling the materials 
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which applied. Plastering the wet process wrong, and the dry 
finished product substituted therefor most urgently required. 

The objection the wetness plaster only one minor objection. The 
more important objection plaster now applied its continuing destruc- 
tion the house itself, which constitutes one the most serious items 
depreciation. 

There are substitutes the market which are being largely used, but they 
have not been developed sufficiently, either quality size sheet. 
Co-operation between the manufacturers plaster substitutions and the archi- 
tects necessary develop full value the substitute materials which can 
used for the inside walls buildings. The speaker has suggestion offer 
the architects this particular, that is, divide far possible the inside 
surfaces the rooms into panels with the use door and window trim 
extending from floor ceiling and return the extensive use proper 
wainscot, simple form and developed work satisfactorily with the plaster 
substitute. 

this method large part the house areas would reduced small- 
sized units, easily transported and simply installed. The ideas our ancestors 
the exterior form the building returning and these important details 
are emphasized the interior, large number the plaster difficulties will 
eliminated. 

Fabrication house parts the shop the locality the building site 
the next important item. this meant such items door frames and 
trim complete, window frames like manner, and all dormers complete the 
last detail, including the window, with the hardware installed. These fabri- 
cated parts buildings, made standard shop drawings, transported 
the fabricated state, and installed men trained this kind work, will 
lower the cost construction and, the same time, give the architect 
opportunity express himself, because the work done under mill conditions 
and the locality where the house built. 

the construction small buildings there are hundreds items which 
will lend themselves the same analysis the few mentioned. 

Family needs the family can discussed unlimited 
length and still leave unsaid much importance. The fundamental principles 
demand and the reasons therefor they apply the home the work- 
ingman, classified the industries “wage earner”, and the small salaried 
man who step only above the wage earner independence action, can 
codified quite simply and the speaker has undertaken set down those items 
which emphasize themselves most clearly, follows: 

1.—The workingman to-day demands decent home. 

minimum requirement for one family entirely different from 
the minimum requirement another family the number rooms. The 
minimum demand changes during early married life with the advent chil- 
dren. 

3.—The workingman will seek near possible minimum which satisfies 
his requirements. 
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4.—Three rooms and bath constitute minimum and make exceedingly 
popular unit. Next popularity four rooms and bath; next, five rooms and 
bath; after that, six rooms and bath individual house. 

5.—The workingman to-day demands share ownership. This demand 
not fully but should stimulated great stabilizing 
influence manufacturing communities. 

6.—To-day will undertake contract which appears free from 
paternalistic influence, the start the form payment small. This 
absolutely proved the housing work Bridgeport, Conn. 

not practical build three-room individual unit suitable for 
fee simple ownership. The same true four-room unit. The five-room 
unit the smallest individual house that should built. The six-room house 
the best isolated individual unit. 

8.—The workingman must pay the ‘price that necessary for decent 
home, and the wage must sufficient allow the payment for decent, 
economical home. 

large amount money necessary support home-building 
program demands that the funds shall come from the people who work, and 
small units. 

10.—The money will obtained more cheaply directly from the people 
than from any other source. The demands from the people for use their 
money are two: Safety investment and liquid character investment. 

11.—Cities grow proportion the number families that are satisfied 
and not proportion the birth rate. Rapidly growing cities attract young 
people, because youth which mobile; therefore, these 
cities provide homes for young people and that what Bridgeport has done. 

12.—Unattractive home units will interest only those with sharp practice 
and speculative plans mind. The attractive home interests both those who 
are the employer class and those who are the employee class. The many 
visitors the Bridgeport project evidence this influence. Simplicity and 
good taste are fast taking the place extraneous frills. The growth this 
new style will made clear the worker slower process than the 
employer, but will surely find its way into the popular mind during the next 
few years. 

13.—A plan graduation from the minimum three-room unit perma- 
nent fee simple ownership the six-room house desirable, and Bridgeport 
has built its houses with this view. 

demands the three-room home temporary dwelling only. 
The four-room unit should follow the three-room home with the advent 
children, and the five-room unit should follow the four. 


there were houses and customs contend with the building 
trade, the problem would have fewer complications for the building the 
various types homes that are required meet the family needs, could 
proceed. This not the case and, therefore, what here must used far 
possible and additions built thereto, which will, when completed, make the 
whole structure harmonious product. There are bad tenements and many 
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them; these must rebuilt. There are many oversized, ugly houses which 
must, necessity, have something done better their value and improve their 
appearance. 

the speaker sees the program addition, divides itself into three 
items construction and each which are important. 

The first item the organization for and the building large number 
small unit homes, groups over industrial cities wherever vacant spaces 
are available. These groups are take the form village within city, 
each community having its common playground and private gardens. These 
small homes are variable size and small number rooms 
reach the minimum requirement small families the working classes, 
but, the same time, furnish proper surroundings for ideal living conditions 
with the home. These homes must part owned the people who live 
them, and the investment which represents their true value should divided 
that can readily distributed these people who begin living the 
city village and owning some small share, that share growing week week. 

The speaker would far make the shares ownership extended 
the beginners family responsibility and home purchase liquid invest- 
ment that can exchanged readily for larger and more pretentious 
home the same other development, for first investment indi- 
vidual home. 

The second form building clearly demanded the people the small 
individual house, averaging six rooms and bath each home, built its own 
lot. These small, well-built houses should constructed from carefully 
prepared plans and sold installment basis those who have 
sufficient amount money make initial investment, equal least 
the risk the property. The organization building program for these 
homes should carry with the opportunity exchanging part ownership 
the “city village” previously described, for the first investment house which 
become the property fee simple the occupant. 

The third item, which less important than the other two, the 
rebuilding run-down tenements the slums and the raising these 
standard which will qualify American home for the lowest wage earners. 
Some these structures are bad that modernization impossible, and they 
should eliminated. Most them, however, will yield radical re-building 
process and give results which for temporary expedient, least, will suffice 
and save tremendous amount construction cost. 

real program rebuilding bring these inferior homes standard 
should outlined, all such items are possible should 
introduced. 

The problem multiple-family homes expensive land large cities 
another function the housing problem which needs study and which 
should incorporate the distribution ownership the individual and the 
introduction community amenities commensurate with the class for which 
this type housing built. 

Financial speaker has confined this paper, principally, 
three forms homes. Although this not all the program, definite 
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and substantial part, and leads directly the necessary phase the situation, 
which reality the subject given the announcement for this paper, 
namely, the financing homes. 

The city village the most and probably the hardest finance 
from two standpoints, any the types The first these 
lack knowledge the part the people who control and direct the money 
and, second, because the necessity, order secure successful results, 
bringing into this financing the small savings many people. 

will necessary, for start made building these “city 
villages”, for wealthy. individuals and corporations high standing under- 
write the initial expenditure, distributing the ownership later date the 
individuals. large apartment-house movement has already started some 
the largest cities along this line. Co-operative ownership not recognized 
much America England, but still there the marked example 
the building and loan association co-operative banks, they are called 
some the States. These are increasing the rate per year 
assets and are simply co-operative institutions founded the integrity 
and confidence members and borrowers. 

From experience with the management four these city villages, the 
speaker convinced that harmony interests can readily developed, and 
supporting influence pride will spread with wholesome contagion. 

The next problem the financing the individual home which some time 
owned fee simple the more prosperous, further advanced thrifty 
worker. This has less call the imagination, and can simply stated 
its source capital and the method accumulation ownership the 
purchaser. every family good repute every industrial city, there 
should offered opportunity buy such home when this family has, 
thrifty saving otherwise, accumulated $1000. This amount, the home 
built proper basis and durable materials, will represent all the risk 
loss that such buildings the average should show. 

Association capital program that will produce these homes and 
protect them with proper and definite surroundings, and wholesome restric- 
tions, can bring better results that community than any other form 
investment that the group financial men can support. 

The definite, clean-cut demand the part the people for method 
buying simple, easy follow, and good financing, understood the 
people, and already practice many places. This definite, concrete 
demand the people for form deferred payments home property 

single monthly installment, with definite amounts established. The use 
first, second, and, sometimes, third mortgage, each with their hazards and 
complications, and the vicious bonus system now thoroughly established, are 
disliked the people, who wish buy fair price and who can buy and 
pay for the house, with proper interest rates, when built fair cost 
value. 

This great problem furnishing the money above the initial payment 
the purchaser, which averages much less than half the one which 
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must woven into the banking and other institutional finance, such 
manner use the great volume money available through the savings 
institutions and the National banks, insurance companies, building and loan 
associations, and the private lenders. 

The tremendous amount money available for first mortgages one-half 
the value evident. To-day, $400 000 000 available through the National 
banks for one-year loans real estate direct. Savings banks and trust com- 
panies have equal greater amount available the same way, but for 
longer period. The building and loan associations are increasing assets, avail- 
able for long-time loans, the rate $500 000 000 per year. This last agency 
the only one that can legally advance very far beyond the double security 
point. 

Mr. Walter Stabler, the Metropolitan Life Insurance Company, has 
outlined the possibility close co-operation the already established 
building and loan associations and the insurance companies, and the speaker 
wishes quote briefly from paper him, presented the Chamber 
Commerce the United States, January, 1921, follows: 


“This, therefore, brings back the proposition first mortgages 
50% being made insurance companies, savings banks, and other lenders 
through, co-operation with, the Building and Loan Association, with the 
associations making the additional loan total of, say, 80%. 
not aware that such plan has ever been put into effect, certainly not any 
great extent, but feel very sure that safe for all the parties interested 
and that should provide large sums money, not now readily available. 
Such funds could secured the briefest possible time and without the red 
tape apparently inseparable from Governmental agencies. hope the associa- 
tions will give serious consideration. believe question, the solution 
which, largely their hands. They can this, similar means, 
provide the second mortgage money, much needed and difficult obtain, 
which referred the early part this paper.” 


The financing the rebuilding run-down tenements private matter 
that can largely influenced and stimulated co-operation the loan insti- 
tutions and the speaker suggests this means toward the development 
wholesome beginning rebuilding. 

Let the lending institutions the industrial cities publicly offer increase 
the mortgage loans run-down tenements the amount added cost 
improvements, these improvements are made accordance with stand- 
ardized rebuilding method, outlined some substantial organization which 
shall, its merits, have public endorsement. 

Let the industrial cities, through their governing bodies, exert the full 
police power eliminate the bad character buildings and urge their 
improvement force this police power. many cities there are buildings 
that are far below the standard that the power the city close them 
could not questioned. This power should exercised for the betterment 
the condition living, and should done once. 

Let committee from these associations which have been mentioned, and 
such others should taken into the problem, formulate clean-cut program, 
endorsed and approved all, and let this program publicly distributed 
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through the various channels available, such building supply houses, banking 
institutions, and the architectural and engineering society journals, and 
result harmony the whole problem may expected. 

The speaker offers this suggestion with the recommendation that 
formulated into resolution this Society through the proper channels, 
suggestion this effect that this Society propose the American Institute 
Architects, American Society Mechanical Engineers, American Banking 
Institute, the Building and Loan Associations America, United Building 
Material Association, and the Manufacturers’ Association the United States, 
that joint committee three more from each association appointed 
for early this subject, which conference under the 
auspices this Society, and that the different associations authorize their 
representatives this joint committee proceed the examination of, and 
the reporting on, the problem housing America, issue the earliest 
possible date progress report, and continue such investigation until 
complete and joint committee report can issued and published. The speaker 
would suggest further that, through proper channels, funds appropriated 
with which employ clerical force sufficient make thorough examination 
present conditions and general care for the needs the committee 
the formulation its program. 

Each these associations should requested appoint for this work 
able and expert men, leaders their line, whose findings will recognized 
authoritative. 

further suggestion, the speaker would recommend that this Society 
appoint one man, give his entire time the formulation the report and 
the through the necessary investigations, and act executive 
capacity secretary chairman the committee. 
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LEGISLATION AND FINANCING 


Joun 


Three statements belong the beginning any discussion these two 
allied subjects, for they are allied fact well conjunction. 


before the World War any mention the housing prob- 
lem conjured visions slums inhabited submerged tenth, to-day 
conjures visions the comparatively well-to-do, including United States 
Senators, fighting against increased rentals. Before the war, had remind 
our hearers constantly that housing community problem affecting even 
the well-to-do. To-day, have remind them that community prob- 
lem even the poor. 

Second.—Yesterday, to-day, and probably for several to-morrows, shall 
have remind them that financing house includes more than first cost. 

are called to-day emphasize never the past, that 
the neglected field management first importance, and that 
developed should be, will give valuable knowledge which can 
applied devising sound laws and financial policies. 


Because the housing problem to-day affecting the well-to-do, secur- 
ing amount attention never before given it. For the well-to-do are vocal; 
they speak for themselves without any urging. result there has been 
great deal housing legislation during the past two years, and probably this 
year will add it, which legislation bears somewhere title text the word 
“emergency”, which not based any deep study, and which designed 
merely check, temporarily, certain abuses from which vocal part the 
community suffering. 

Such legislation dangerous. Designed, not cure, but simply reduce 
irritation, likely have effects quite unlooked for. Those who live 
New York need not reminded some unlooked for effects. Probably 
one expected that the Courts would quite unable agree what 
fair rental, that they would within less than year more than 100000 
cases behind rent trials, and that between and $12 000 000 
rent money would tied awaiting judicial decisions. Whatever one may 
think the landlord, however exclusively his sympathies may with the 
tenants, cannot pleased with these effects, for they interfere with progress 
toward the only solution that will solve, that is, the erection adequate 
number good houses. 

course, some wise people did foresee, not exactly these particular 
handicaps, least some check building activity because these anti-rent 
profiteering laws; they prepared antidote administered the same 
time the poison. This the law exempting new dwelling-house property 
from taxation for period years. For the past two three months they 
have been pointing the official figures the number permits issued and 
the estimated cost, and proclaiming that the antidote works. 


Mer., Civic Development Dept., Chamber Commerce, Washington, 
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New York there has developed unusual degree the habit draw- 
ing conclusions from local experience. found that more homes and more 
tenement houses have been built 1921 than 1920—New York has tax 
exemption law applying 1921 construction—but what about the scores 
other cities and towns throughout the country which were built much 
more housing during 1921 than during the year 

The speaker will read from letter which received recently: 


“The name this city, Columbia, C., was not the published list 
cities with good building records for 1920, though that list was taken from 
information furnished your department the Chamber Commerce 
the United States. We, therefore, call your attention the following facts 
and ask that you make amends for leaving out this list the name city 
with remarkable 1921 record. August 31st, 1921, the value building 
permits issued this city 1921 exceeded the total value building per- 
mits issued during the whole twelve months 1920.” 


There are cities other than New York, and some them are quite 
self-conscious. 

Among the reasons given for building activity these other cities are 
the continued pressure demand, together with considerably reduced prices 
and canny suspicion that prices may again. Did not these have some 
effect New York? 

The point all this is, that the value such legislation described 
not proved. The speaker would further and say that has been exceedingly 
harmful that has, during these strategic years when public attention was 
focused housing, diverted that attention from real consideration the 
subject, consideration which might have led results permanent value, 
into blind alleys expediency. not wholly flattering New York 
say that should the leader working out solution the problem. 
What meant, that New York bad—from the housing point view 
least—that cannot get much worse and some solution must found. 

was New York that led the way securing the kind legisla- 
tion that has permanent value with its tenement house law and its zoning 
ordinance. These are mere stop gaps with emergency written into them, 
but are examples constructive statesmanship. sure they are not fit 
for other cities adopt they stand, for they had made fit the 
intolerable conditions New York. They, however, established sound prin- 
ciples legislation. Other and more fortunate cities can adopt and have 
adopted those principles their lasting benefit, changing the details 
standard fit their conditions. This the kind service that was hoped 
secure from New York during the past two years, and still 
hoped may secured before public interest begins flag. 

The tenement house law, fragmentary is, for does not cover one- 
family and two-family houses hotels, lodging houses, and similar dwellings, 
was the precursor the much more nearly complete housing codes adopted 
the more progressive cities and States. Its essential provisions are simple, 
though the language which they are clothed sometimes not. They pro- 
vide for: 
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definite minimum area open space the same lot with every 
dwelling. 

2.—Definite minimum sizes living rooms. 

3.—Definite minimum window area. 

4.—Adequate and convenient water supply. 

5.—Proper toilet facilities: 

6.—Possibility for family and individual privacy. 

7.—Protection from the weather. 

8.—Protection from fire hazard. 

9.—Proper maintenance. 


The reason for bringing these into discussion now that many self- 
styled, hard-headed and practical people believe that such legislation will 
check building. The speaker believes that the contrary has been practically 
the universal result. New York City itself, New Jersey four years later, 
Columbus, Ohio, Michigan, wherever has been enacted, such legisla- 
tion has been followed increased building activity, for has made invest- 
ment more secure. This bond that allies legislation with finance. 

The enactment zoning legislation may expected have the same effect, 
although are not available proof, most the zoning laws 
have been enacted during the abnormal times since 1916. 

The enactment these two kinds laws and the improvement and greater 
uniformity building codes, are aids overcoming the housing shortage, be- 
cause they increase the security investment and, therefore, tend invite 
investment money. 

other kinds housing legislation more direct action variety, 
there still too little knowledge permit confidence. Three years have 
been wasted securing emergency measures doubtful, more than doubt- 
ful, value, even emergency measures, and with few supporters 
permanent measures; perhaps beginning can made adopting certain 
tests. 

the first place, let people get over the idea that they are facing 
emergency the sense that short-time proposition. the best 
good fortune the obvious housing shortage will not overcome within the 
next five years. this meant that the vocal well-to-do will not 
adequately provided with good housing 1927 they were 1914. for 
the wage-earners, let alone the poor, their problem will with great 
deal longer. Consequently, the part common sense base proposals 
the proposition that the campaign will long continued and that whatever 
produce results must economically sound. These are the tests. Dur- 
ing the World War the speaker was advocate Government housing for 
war workers. That was time real emergency, and had definite terminal 
point, the end the war. To-day, the situation fundamentally different. 
What done now has definite terminal point.. Any date that may set 
easily changed, and what done now establishes precedents and habits 
mind which will carry on. Therefore, important that these precedents, 
these habits mind, have them the possibility continued growth and 
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development. Adequate and good housing must pay fair return the 
investment. Only thus can enough good, new housing meet the growing 
needs and rising standards assured. 

this accepted, there wide field for Governmental agencies—which 
means legislation—that can more than hinted here. 

First, real information needed. little pamphlet, “The Building Situa- 
tion”, published the National Chamber Commerce, with the co-operation 
the United States Bureau Labor represents attempt 
secure such information. During the past year (1921), the Federal Depart- 
ment Commerce has established Division Construction and Housing. 
which beginning, has been stated, assemble and distribute such informa- 
tion. The continuance its valuable work calls for legislation. This should 
supplemented the States and cities. California and Indiana now have 
Governmental agencies that will contribute, and other States should follow 
their lead. 

Next, means must sought for reducing the cost housing. This will 
undoubtedly call for legislation. The extent this field alone indicated 
the work the Lockwood and Dailey Committees and the conferences 
Secretary Hoover with representatives trade organizations. Obviously, 
there are practices, customs, and inhibitions, due both law and conven- 
tion, that can changed and, being changed, will reduce costs and the 
same time strengthen private initiative assure fair profits. 

Here, perhaps, the best place say that, far experience goes, such 
short cuts the millennium Government building and management not 
promise reduce real costs. Government operation, not only the United 
States, but other countries, has, rule, proved clumsy, inefficient, and 
expensive. Certain functions must necessarily performed Government, 
but the burden proof always those who would transfer new functions 
the Government. Thus far, seems the speaker, proof lacking that 
Governmental construction management housing would produce better 
good results in. America private management. the same time, how- 
ever, those who hold this belief must recognize that dissatisfaction with 
present housing conditions causing growing sentiment for direct partici- 
pation the Government. The only effective answer produce better 
results through private operation. 

brief, then, the kind housing legislation which, because experi- 
ence, can counted aid, regulatory. This kind would protect the 
man and would contribute the public wealth from the exploiter who would 
prey the public. This kind legislation: Building codes, housing codes, 
city planning, and zoning ordinances should perfected and be- 
cause well devised building will encouraged and investment will made 
more secure. 

Beyond this there wide field for original work. this field, how- 
ever, the notion emergency must discarded and the fact that the 
problem must faced. That being true, proposals must economi- 
cally sound, and must have them the possibility continued growth and 
development. 


4 


THE NATIONAL HOUSING PROBLEM 255 


Under the question finance certain facts must faced, namely: 

cost house not its purchase price alone. house not 
immortal, though some owners antiquated structures would have be- 
lieve. There are yet mortality statistics such the life insurance com- 
panies have guide them along paths that avoid bankruptcy: but would 
probably quite safe assume that the average life city dwelling 
thirty years. The cost the house its total cost during those thirty years, 
with the assumption that the end that period will scrapped. The 
speaker admits that this expectation life assumption and that 
assumption 40, 50, years may nearer the fact. Whatever the 
period, however, there should figured into the cost the house: 

(a) Interest the investment; 

Taxes; 

(c) Repairs; 

(d) Fire insurance; 


(e) Depreciation and obsolescence fund which will equal the cost the 
house. 


This the assumption that the house will oceupied its owner. 
investment proposition, allowances must also made for: 

(f) Periods when the house will tenantless; 

(g) Cost management; 

(h) Water rent, unless the tenant pays this. 


2.—Housing, rule, has not been financed any such basis that 
mentioned. Speculation and sentiment have been the mainsprings ac- 
tion far and two-family houses are concerned, and specula- 
tion alone far multi-family houses are concerned. Most the housing 
troubles pre-war days, the worse troubles that are lying wait for now 
and will arise soon the present shortage has been overcome, are due 
primarily disregard these economic factors housing. 


Much heard these days the difficulty securing mortgage money. The 
speaker will merely refer this difficulty passing, indication how 
superficial the discussion during recent years has been, how far short the 
root such proposed remedies laws compelling certain kinds banks 
loan certain percentages their funds dwelling-house property. There 
was once time when men moderate means and men wealth invested 
their surpluses housing property. the older cities are still remnants 
large estates which consisted great part dwelling-house properties, groups, 
rows, blocks houses bought investment. Along with many other 
things, these housing estates were pretty well done for during and since the 
war. The sale prices were too much for human trustees resist. 

The change, however, had begun long before the war. Men were still 
buying investment houses—the speaker not discussing New York tenement 
houses now, but the typical American one-family houses—but they were 
changing their practice. illustrate: One such investor would buy row 
new houses from the speculative builder and hold them for ten years. 
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then would sell home-owners, and buy another new row. His explanation 
was that repair bills began increase after ten years. The home-buyers, being 
amateurs, did not know this. 

This explains large part the difficulty financing. The old-time in- 
vestor went out the market because deterioration quality houses was 
forcing him become not investor, but trader. This deterioration did 
not affect the mortgage market greatly, because mortgages usually run only 
for short period; they are practically never long lived the shortest 
lived house. the mortgagor like the trader, usually got out before serious 
trouble began. some places, however, deterioration both construction 
and type was rapid and widespread that long before the war certain 
bankers New England, for example, began refuse even mortgage loans 
wooden three-deckers. 

Here, seems the speaker, key the financing problem. Make 
housing once more good investment, and capital will available. The 
appeal housing investments does not and should not expectation 
large returns, but expectation sure returns and security for 
capital invested. Investors have been led away from this conception “get 
rich quick” schemes, tales fabulous increases land values that more 
than made good depreciation building values; and they have come near 
wrecking the house property market. 

there anything sure this world, that not enough houses will 
secured home buyers are depended on. The census figures for 1920 indi- 
that there actually has been home ownership during the 
decade, 1910-20, despite the housing shortage which forced many buy 
alternative camping the streets, despite “own-your-home” campaigns 
conducted and with vigor never before attempted. 

Honest, substantial construction essential success tempting invest- 
ment money back into this field, construction which recognizes that the cost 
house not fully paid until the house that repair bills are 
important item, and that even more important the decrease value due 
the hopeless shabbiness “jerry-built” house after has lost its first 
freshness. 

the housing codes and the zoning ordinances, municipal authorities are 
aiming stabilization value. These efforts will useless unless they are 
supplemented good construction. 

The third and last point—management—will discussed very briefly. 
The theory that every one-family house occupied its owner has 
played into the hands the shoddy builder, and has led utter disregard 
housing property management. the old days, the big estates did develop 
the principles management some extent, but these estates were split 
up, the number small rental properties increased, the practice grew 
farming them out commission basis. The results are familiar all. 
There more generally recognized antagonism than that between house 
owner and tenant. has actually become accepted law nature. 

Why this relationship should different from all other business relation- 
ships mystery those who believe that inherent. not inherent; 
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simply due bad management lack management. Along with 
his belief that his building immortal, the house owner seems believe that 
the house-rental business the only one that can run itself. belated 
disciple the late lamented Keeley, who demonstrated perpetual motion. 


1.—Give housing property real investment value. This being helped 
housing codes and zoning ordinances. However, honest building must sup- 
plement these. Honest building means sound construction plus good planning 
and adequate provision for such essentials outdoor space, light, air, and 
sanitary conveniences. 
study housing property management. Office building man- 
agers are working out the principles their business their annual con- 
ventions. During the past two years, few apartment house managers have 
contributed little from their experience. yet, however, the small house 
managers have not appeared. 


will not enough encourage the individual investment buyer re- 
enter the field, however. other lines business, the individual has been 
supplemented the corporation and the apartment-house field the cor- 
poration has appeared. should enter the small-house field and with its 
entrance should also enter the field the tenant stockholder. Other lines 
business have found good policy have participants become stockholders. 
Apartment house corporations are trying the experiment. their case the 
speaker frank confess that does not see much hope substantial and 
long-continued success. The apartment house has little the home appeal, 
and essentially mere stopping place, that most the attempts make 
co-operative will prove short-lived. With the one-family dwelling, however, 
the entirely different. There the prospects are bright, once tradi- 
tional attitude mind overcome. 

The speaker has suggested easy roads solution, panaceas that 
work transformation over night, appeal for the Government 
what the people have for themselves, because all these mean simply 
waste precious time followed disillusionment. long, hard job be- 
fore and the sooner started the more likely succeed. 
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Am. Soc. E—One phase the housing problem 
—and very important one—has not been touched on, that is, the question 
financing. has been stated that the way solve the housing shortage 
build more houses; but one the great difficulties to-day the impossibility 
getting money such reasonable rates interest, will enable the builder 
construct and compete price with the houses built under more favorable 
conditions. 

The gross cost building made number items, one which 
course the actual builder’s cost. Another, but most important one, 
although not often thought about this connection, the cost financing 
the building operation from its very beginning its completion, and 
surprising what large item this becomes to-day the total cost construc- 
tion. 

New York City, and other cities large population, the building 
homes tenements has been undertaken the past almost entirely profes- 
sional builders who have specialized this class construction. They are 
the ones who have constructed those huge rows houses, likewise the vast 
majority tenements and apartment houses, which one sees all large cities. 
They are business make money their ventures, they should. Private 
individuals who build their own homes are such negligible factor the 
housing situation that they need not considered. speculative builder 
low-priced tenements suitable for working people to-day has practically 
ceased operations, and one the reasons the fact that cannot borrow 
money reasonable interest. Money rates are high present, and seems 
likely that these high rates will prevail for long time. long the 
Governments the world, particularly European Governments, are willing 
pay from 10% for money loans the United States, cannot expected 
that builders can get money per cent. The speaker informed reliable 
authority that the cost them anywhere between and per cent. 

The speaker believes that here situation which the State can help 
very materially, namely, assisting financing housing projects. has 
been done France for more than half century organization semi- 
governmental and semi-private, whereby long-term loans extending 
years, amortizing annually and reasonable rates interest, are made 
people who desire build. 

Although the high cost building to-day partly due combinations 
among material men and manufacturers boost prices artificially and 
another factor the creating high rents, the last analysis, one the 
most important, not the most important all the factors which enter into 
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this complicated problem to-day, the speaker believes, the inability finance 
housing construction reasonable terms. 


the relative cost labor and material, which generally assumed about 
“fifty-fifty” “forty-sixty”. Those are about the proportions for work done 
New York City, but the 50% allowed for cement, steel, and the other mate- 
rials used, means that the contractor who produces such materials has already 
put about “fifty-fifty” for labor and material; therefore, matter fact, 
the total amount actually paid labor, traced back the mine, factory, 
cement works, would much larger percentage. would in- 
teresting know what the percentage really that goes labor. 

Mr. Purdy referred the fact that the pollution the soil longer 
permitted Lower New York, but pollution has existed long, with possibly 
unknown leakages still going on, that New York quicksand has received 
disagreeable odor. one will walk the top floor old building 
the lower part Manhattan, about three four o’clock the morning, 
will probably detect this disagreeable odor. 

The discussion far has been principally how rectify the present 
deplorable conditions zoning. There another feature easier some 
respects, and much harder others, that is, what restrictions for regulating 
the height and size buildings, should made laying out new 
city. laying out the Towns Pullman, and Gary, Ind., was possible 
obtain all the space needed, and the purpose for which these two towns were 
built, was more less restricted. 


Lewis,* Am. Soc. unlikely that few years ago 
the subject Housing would have been announced for consideration 
meeting civil engineers. The speaker glad note that times have changed 
and that engineers are disposed take active part and interest questions 
this kind. has often been said that congestion does not necessarily mean 
the number people the square mile, the acre, but that indicated 
the number people room, and just bad housing conditions can 
found sparsely settled communities great cities—sometimes even worse 
—although the former case such conditions can more readily corrected. 

has been stated that difficult induce people suburban districts 
buy and retain lots size greater than barely accommodate house 
and garage; this statement significant and somewhat disturbing. 

The suggestions given for apartment house design, and the statement made 
the satisfactory results both owner and tenant, are quite encouraging. 
The question naturally suggesting itself is, “Cannot some policy adopted 
that would encourage less intensive use ground area both apartment 
house and detached house districts?” The assessing and taxing officials might 
endeavor place premium more generous allowance land housing 
enterprises fixing the assessed value the land, for purposes taxation, 
accordance with the area occupied. Assessments appear now fixed 
according the potential value the land, provided can covered the 
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utmost permissible limit. Suppose, for instance, assessing officials, who are 
usually allowed great latitude, should fix, for each locality, unit land value, 
which might different for every block, and wherever plots have been built 
they should fix, the taxable value, such percentage that unit value 
would determined the percentage the area the lot built on. For 
instance, has been pointed out that the old type apartment house covered 
79% plot 100 ft. square and that the proposed new type covers only 
per cent. For purposes illustration, assume that where buildings cover 80% 
the lot area, the land should assessed its full unit value already estab- 
lished, and that where less than 80% covered, the value should fixed 
figure inversely proportioned the proportion the lot occupied. For 
instance, 62% only covered, this represents 774% 80%, and the assessed 
land value plot improved, therefore, might fixed the 
normal value for this particular district. the other hand, 90% the 
plot was covered, this 90% being 1124% 80%, the assessed land value, 
this case, might fixed value 124% greater than the unit value already 
established. Possibly constitutional objections would found the formal 
adoption such policy, especially were given legal sanction, but 
has already been pointed out that assessing: officials have much discretion, 
and might well try out such policy, the which might have 
stand the test Court proceedings. 

Westchester County, New York State, has been, far the speaker 
knows, the first county, least this part the United States, establish 
County Planning Commission. Probably the Commission has not yet 
attempted exercise much authority, but hopeful sign. counties 
contiguous great cities not themselves attempt control development, 
will necessary, the public interest, give the cities themselves some 
degree jurisdiction over the planning territory beyond their corporate 
limits. This has already been done many cases, and recent canvass 
typical cities made the speaker shows that them the City Plan- 
ning officials have jurisdiction varying from mile miles beyond the city 
boundary. the case the other 17, which included both New York and 
Philadelphia, there jurisdiction whatever outside the city limits. 

his paper, Mr. Wagner has drawn ‘attention the desirability 
excluding residences from districts devoted heavy industry. This appears 
the speaker perfectly logical thing do. such industries are forbidden 
invade districts set apart for human habitation, because their presence will 
injurious health and comfort, just logical say that buildings 
for human habitation shall not erected places set apart for such indus- 
tries. 


Joun the plans presented Mr. what 
claims for them, they are revolutionary. housing, the great fight has been 
against constantly greater and greater land overcrowding. The evil effects 
land overcrowding applied considerable areas and over long terms years 
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can demonstrated, and because this the zoning ordinances were secured. 
The individual lot owner, however, still believes that the more building 
can crowd his lot, the more profit will make, because believes that 
this crowding gives him more rentable floor space. course, admits that 
his neighbors follow his example, all them will lose; but thinks his 
neighbors’ lots only sources light and air for his own building. 
Mr. Thomas can prove that much rentable floor space and, consequently, 
large revenue may secured building occupying smaller percentage 
the lot, has brought even immediate pecuniary advantage the side 
better housing. Continued long-time pecuniary advantage has always been 
the side better housing. 

Mr. Leavitt* has stated that has found increasing tendency crowd 
the land. The speaker accepts Mr. Leavitt’s instances, but not his conclu- 
sions. The tendency crowd and overcrowd the land has always existed, 
but, although still persists, has been noticeably checked, not only 
zoning ordinances which are being adopted all over the country, but 
informed opinion the part individual owners. Great estates many 
acres may not popular now they were some years ago, high taxes 
and reduced incomes have contracting effect. Well-to-do people may 
building smaller houses small grounds, along the edges private golf 
courses, and finding their opportunity for expansiveness the golf course 
they own common. This may indication the growth com- 
munity spirit that interesting enough warrant some study. 

for the placing tight little rows groups houses among the 
more open buildings New York and Philadelphia suburbs, this has seemed 
some those who have watched manifestation the old desire 
get much possible for little possible. These tight little groups, 
like the apartment houses set residential suburbs, owe much 
their appeal the more generous standards their neighborhoods. Their 
profit what others pay for. So, course, considerable number 
them will sell readily and the profit the land speculator. Their 
presence, however, immediately decreases the desirability their neighbor- 
hood, and their number increases, their appeal decreases. This only 
the repetition old experience through which many now closely built 
sections American cities have gone. 

Mr. Lewis stated, there are just bad housing conditions sparsely 
settled areas New York City there are the greatly crowded areas. 
that the speaker takes decided exception. That there are intolerably bad 
housing conditions sparsely settled areas admits; but they differ from 
those the crowded tenement districts Manhattan that they are super- 
ficial and easily removed. They are largely insanitary conditions, and once 
the public has made its mind that will clean, that will pay for 
water, sewers and garbage collection, they will removed. Small-house cities 
like Philadelphia, for example, may, they will, make themselves very good 
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cities from the housing point view; but when land has become overcrowded 
with tall barrack tenement houses, has Manhattan, the evil beyond 
any practical remedy. The difference one not degree, but kind. Land 
overcrowding the greatest and the most nearly incurable housing ills; 
consequently, there cannot bad housing sparsely settled areas there 
New York City. 


Henry Curran,* speaker wishes emphasize the im- 
portance better co-operation between those who plan for cities and those who, 
city officials, carry out the plans. 


instance which occurred Newark, J., during the housing shortage two 
three years ago, along the line Mr. Lewis’ statement that houses should 
permitted industrial district. One the largest manufacturing 
companies Newark owned tract land bordering the meadows within 
what known the heavy industrial zone. The company proposed build 
this tract large number houses and brought all possible arguments 
bear the officials allow this done. The tract was within reasonable 
distance the plant, which was situated the meadows, and the company 
proposed sell these houses, rent them reasonable cost, its employees. 
After due consideration, however, the project was rejected because did not 
conform the zoning ordinance. 


such varying chemical content that set rules materials recom- 
mended for, and life of, piping can made universal. the case iron 
and steel pipe, one water appears form slight but protective coating 
the pipe, whereas, another forms growing coating which finally clogs the 
pipe, and third attacks the pipe and eats through it. 

Chemical treatment water reduce its bacterial mineral content 
becoming more general. Such treatment may increase reduce the 
virulence the water’s attack the piping. 

Thus, the decision what kind piping economical for houses 
dependent the character the particular water used. 

the past, lead pipe was used extensively for house distribution where 
the water attacked iron pipe rapidly. The speaker has never known lead 
poisoning resulting therefrom, because the water appears form insoluble 
coating the inside the lead pipe. However, the use lead pipe 
houses seldom justified: because the pipe must continuously 
supported prevent sagging and consequent strain and water traps; and, 
second, because rats will gnaw through lead pipe for water when cut off from 
other safe sources. The speaker has seen instances where extensive damage 
plastering and decorations resulted from rats attacking the lead distributing 
another instance, the rats gnawed large hole the 4-in. heavy 
lead bend connecting the toilet bowl the soil line, rather than the 
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open flush tanks toilet bowls the rooms, depend rain water 
the open. 

Some iron and steel pipes give long service (more than thirty years), 
especially when galvanized. Again, wrought-iron and steel pipes the 
same waters rust clog with rust few years. Hot water usually much 
more virulent than cold water its attack. Such attack has been met 
cases where renewal the pipe would occasion great expense passing the 
hot water and, desirable, the cold water through storage tanks which 
many sheets thin iron steel plates, such metal lath, were placed 
exhaust the active contents the water before enters the piping system. 
These plates were renewed from time time and the deposited rust was 
removed. corrosion seems require, among other things, the 


active free oxygen. The cure this case seems have re- 


sulted from the removal the oxygen the form rust (iron oxide). 

The life iron steel pipe appears depend not much whether 
wrought iron steel, but the process and completeness manufac- 
ture. the material worked during manufacture into uniform homogene- 
ous material, will have long life. rapidly produced and 
worked, that there are hard and soft spots, areas varying carbon con- 
tent, minute segregation impurities, and the physically different cool- 
ing products iron, there will adjacent areas contact, that will have 
different electrical potentials when contact with natural waters, and corrosion 
will prompted and the life the pipe reduced. 

Well-made brass pipe, the speaker’s experience, has been durable for 
both hot and cold water. Probably this because completely homo- 
geneous. Where contact, the water, with iron steel, such 
bolts, washers, and faucet fittings, there rapid corrosion the 
iron, probably electrolytic action. The small difference, however, present 
installed cost, quoted Mr. Ham, indicates that brass pipe should gen- 
erally used for distribution water within the house. Sometimes, there 
complaint that water from such pipes has “brassy” taste. This has been met 
using “tinned” pipe. Appearance improved, and the plumber likely 
more careful his threading and making up, the pipe also tinned 
outside. Economy advanced with apparent loss long life heavy, 
galvanized, malleable iron fittings are used instead brass fittings, least 
for the cold-water runs. Before the World War, brass pipe tinned both in- 
side and out, cost about more per 100 ft. than untinned pipe. 

the case some New England waters which have bad reputation for 
rapid attack iron and steel pipes, very good life obtained for the portion 
from the street main the cellar, using iron steel pipe lined with from 
in. neat cement (Portland natural). This lined pipe 
staple article New England. 
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WATER TRANSPORTATION 


There are about 60000000 gross tons shipping the world to-day; 
000 000 tons more than there were the outbreak the World War, and, 
least, 000 000 tons, the speaker estimates, more than are needed carry 
the world’s commerce to-day. Directly indirectly, actually 
potentially, every ton this 60000000 competitor every other ton. 
That distinctive the shipping industry—the great mobility 
its productive factors. Ships are spoken productive factors, because 
from them emanate the services which are the merchandise the ship owners. 

ship built for the New York-South American service does not compete 
with ships operating the North Atlantic, but may force another 
ship out the South American service and into the North Atlantic. For 
this reason, wrong say that foreign tonnage does not affect conditions 
the United States intercoastal trade, because ship built Japan for trans- 
Pacifie service may conceivably force American ship from the 
into the intercoastal trade. 

This kind world-wide competition limited certain extent the 
fact that special types ships are much more useful certain trades than 
others; also, the natural preference operators remain trades 
where they are known and where they have built useful connections. The 
fact remains, however, that there large amount standard type tonnage 
the seas to-day, that ready business wherever business may offer, 
and which, consequently, affects rates the world over. 

illustrate: The rates from the River Plate the United Kingdom 
and the Continent, which some months ago were low 15/-, recently showed 
marked improvement and December, 1921, reached level 32/6. The 
effect these high rates was draw tonnage, that had been engaged the 
less profitable Mediterranean trade, into the River Plate trade, and induce 
British tonnage load outward coal cargoes low rates, order 
position pick these attractive homeward freights. this way, the im- 
proved cargo offerings the River Plate were soon offset increased avail- 
able tonnage and the rise rates was checked. cite another case: The 
onee profitable trade between the Coast ports the United States and 
Europe has been brought, within few months, deplorable state the 
rapid introduction additional tonnage into the service. 

Thus, the fact there excess tonnage the world to-day 
significant every ship owner. means intense competition, scrambling for 
cargoes, rate-cutting, and unprofitable business, unless the situation ad- 
justed, either reduction tonnage increase trade. There has been 
wide the advisability international agreement for the 
the present surplus tonnage and the limitation future 
building. Most ship owners, however, are holding long they can the 
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hope that the adjustment will come through increase trade rather than 
scrapping tonnage. 

The revival trade will eventually come, but the speaker’s views are, 
that will gradual and that some years will pass before the present amount 
serviceable shipping will given adequate employment. Meantime, the 
poorer ships and doubtless the weaker companies will drop out the business, 
and those that stay will under conditions keenest competition and 
with meager profits. course, freight services are referred to—passenger 
services require special consideration. 

certainly not out order consider where American shipping stands 
with respect this general situation and the long competitive struggle which 
ahead American shippers. Handicaps serious nature are suffered. 
American ships more build, marine wages are higher, and American 
experience the business much more limited than the case with their 
principal competitors. The speaker does not intend fully into this 
subject, but there are several points connection with the last-mentioned 
handicap—the more limited experience American shipping—which will 
discussed briefly. 

Long experience business means, among other things, the establish- 
ment helpful connections and the creation certain good will the 
markets served. these traffic arrangements, the newer American shipping 
companies sadly lacked during their efforts get started just after the 
armistice. They gradually are establishing these connections home and 
abroad. Too much emphasis cannot laid the value good agents abroad. 
phase the problem that often under-estimated. American ships 
need good cargoes homeward well outward, they are yield profits 
their owners. 

Long experience has its benefits operating efficiency, also. Efficiency and 
economy are problems every industry, and nowhere more than shipping. 
must evident that business which involves such great distances 
the case with shipping company, and which unexpected con- 
ditions are always arising, inefficiency and waste are likely play prominent 
part. Although making claims exceptional talent the eradication 
these evils, the speaker’s study the problem has brought his attention 
certain possibilities which may worth mentioning. 

Waste may occur with respect materials and with respect services. 
Dealing first with materials, one may look the question fuel, which con- 
stitutes large item the operating cost steamer. boiler may fed 
certain point with maximum results, and fuel that used beyond that 
point sheer waste. Generally, engine-room crews are alive this fact, 
but often they carelessly willfully disregard it. 

Not infrequently found that ships are driven uneconomical speed, 
thus uselessly increasing the fuel consumption. great temptation 
captain push the ship her speed limit order make port some hours, 
day, earlier. takes the closest kind checking and control head- 
quarters eliminate this form waste; that is, determine what the 
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economical speed given vessel for given trade under given conditions, 
and enforce the proper observance that speed. 

regards food, recognized that men must well fed shipboard, 
but the wastage that sometimes encountered prodigious. Certain the 
ships the speaker’s Company, which have always been run what was 
considered economical basis, are now costing the Company more per 
man per day than they were before the war, although prices are now about 
50% higher. These results have been reached giving the ships’ stewards 
maximum figure which work, and discharging him goes above 
that figure, without reasonable excuse. There have been relatively few dis- 
charges this account. The men, moreover, are entirely satisfied with 
their food. 

Just steward may waste food, deck engine crew may waste 
paint, lubricants, and other supplies. little more difficult check 
this kind inefficiency, but there excuse for allowing run 
wild. common form waste that letting machinery run down for 
lack proper attention from day day, that the course time 
breaks down entirely and requires extensive overhauling, and perhaps replace- 
ment parts. 

wasting services carry crew larger than actually required. 
When business was good, the Company thought its crews were down the 
practicable limit, but the pressure hard times has brought about further 
reductions which, some the cargo vessels, have amounted many 
six, seven, and eight men. This has been done, moreover, without handi- 
capping endangering the ship. 

Services are being wasted when the crew allowed shore leave the 
extent necessitating that shore labor brought aboard their work. 
The American law requiring the payment half the wages due, demand 
the seamen port, induces the men spend more time shore than 
good for themselves the ship, and not infrequently leads their being 
left behind, deliberate desertions. 

The most extravagant form waste the wasting the services the 
ship. Several idle days port, during which the vessel earning nothing 
and running expenses almost the same rate was sea, may 
easily destroy otherwise fair margin profit. Every hour counts when 
comes despatching ship and takes the concentrated, and one might 
almost say consecrated, efforts the operating department, crew, stevedores, 
and all others concerned, eliminate losses from this cause. 

Recently the Operating Department the Company worked out plan 
for consolidating one port fuel delays, which formerly had occurred two 
ports. What the saving this arrangement will amount the course 
the year has not been exactly, but will doubtless run into 
many thousands dollars. 

self-evident that the elimination waste the operation ships 
required high degree co-operation between management and men, and 
there are many plans for encouraging this. There the idea creating 
competitive spirit among the men comparing ‘the records different 


4 


Papers. WATER TRANSPORTATION 269 


voyages and the various ships fleet. There the idea bonus 
granted officers and crew when ship makes particularly satisfactory 
voyage. Sick benefits and superannuation funds also work this direction. 
large fleet, the promotion plan may effectively used, that is, efficiency 
among the men may encouraged holding out them the possibility 
getting higher ratings with the Company reward for faithful service. 

possible almost indefinitely enumerating forms wastage 
which should closely guarded against. business highly 
shipping, inefficiency and extravagant practices cannot tolerated; and, 
has been already stated, the necessity for economy especially strong the 
case American ship owners. The speaker does not mean say that sort 
will entirely offset the handicaps which American ship- 
owners suffer. convinced that subsidy necessary American 
ship owners are continue operate under the American Assuming, 
however, subsidy sufficient overcome the disadvantages growing out 
peculiar American laws and conditions, ship owners still have big problem 
before them their effort meet successfully the competition foreign 
owners, because the much longer experience the latter the business. 
The only possible way meet this problem offset longer experience with 
more intensive study. Americans, the engineering field particularly, have 
aptitude for that sort thing. 
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THE AMERICAN MERCHANT MARINE 


Few are the observers who would have ventured predict 1914 that 
one result the great World War just opening would add 000 000 tons 
ocean shipping the merchant marine the United States, thereby 
making this country close rival, far total tonnage concerned, the 
United Kingdom which since 1860 had been the unchallenged “mistress 
the seas”. expenditure more than 500 the proceeds largely 
several issues Liberty bonds, has given the United States merchant 
navy measured American methods 18282000 tons gross register 
1921, compared with total tonnage Great Britain, measured British 

the new American merchant marine, however, this distinction must 
made, that great part used near-by home commerce, as, for 
example, the 839 000 tons the great Northern Lakes and the mighty coast- 
wise fleets the Atlantic, the Pacific, and the Gulf Mexico. However, 
American shipping registered for foreign commerce June 30th, 1921, had 
attained magnitude 11081000 tons, increase tons since 
June 30th, 1914, shipping twice great the entire great merchant 
fleet the German Empire the year when the Kaiser rashly challenged the 
world arms. the actual sea-going vessels the United States, both 
foreign and coastwise commerce, 993 000 tons the beginning 1922 were 
owned the United States Shipping Board, and 240000 tons private 
ship owners, firms, corporations. 

These are records magnitude. The great merchant marine our fore- 
fathers—the unmatched fleet clipper ships and steam ocean liners— 
amounted 5353000 tons 1860. last, after many years, American 
shipping has assumed place the sun” comparable with other great 
National industries. 

the present merchant fleet only tons all told, out total 
282 000 tons, are sailing craft. The remainder, except for tons 
tow barges, power driven. Allowing for the superior efficiency the steam 
gas-propelled ship—three times the efficiency the sailing ship—the 
American merchant marine, measured its capacity for transportation, has 
increased tenfold sixty years. That say, the sea, lake, and river 
the United States have ten times the delivery capacity the 
ships 1860-61. This fact which the merchant marine 
holding its head reasonably high among the present-day great instrumentali- 
ties transportation. 

speaks well for the essential vitality the merchant shipping industry 
that the coasts the United States has managed increase its tonnage 
threefold and its actual capacity eightfold six decades against the powerful 
competition the most effective railroad systems the world. For American 
coastwise ships and railroads are competitors considerable degree, although 
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also co-operators with each other. excellent example the manner 
which American railroads and American ships have been made work to- 
gether the Southern Pacific Company, with its splendid fleet steamers, 
total tonnage 129 938, plying between New York City and the Gulf 
Mexico, essential link one the greatest the transcontinental 
systems. used American policy, and wise one, yoke ships 
and railroad lines common service, and although this policy was largely 
forbidden the Panama Canal Act 1912, not easy convince thought- 
ful men that the United States has been the gainer thereby. 

The ships need the railroads and the railroads need the ships. there 
cannot common ownership, there must least close harmony and 
co-operation. fact much significance the railroad systems the 
United States that under the American flag there now exists immense 
fleet ocean carriers, American-owned, and pledged serve first American 
interests. With proper “team play” there reason why these American 
fleets may not made dependable extensions American railroads. Under 
proper policy National encouragement, and not discouragement, there 
reason why American shipping companies, with alert traffic organizations 
abroad, may not bring American railroads more efficient service than 
the foreign steamship companies have ever given, plus the vital factor 
American good-will. the plans the present National Administration 
take root, American railroad management will have shadow excuse 
link itself, preferential traffic terminal agreements, with foreign 
merchant shipping, which say, the naval reserve, any foreign 
Government. 

Those interested and the American ocean-shipping industry bespeak 
from the railroads closer understanding than has ever existed before. About 
one-third the present ocean-borne tonnage coastwise; about two-thirds 
normally and constantly must working overseas. These coastwise carriers, 
having natural advantage not being compelled maintain rights 
way stone, earth, and steel, have important economic part play 
assembling American ports for the overseas carriers, and assem- 
bling and distributing goods which the railroad, turn, must serve. One 
the most powerful arguments for the strengthening particularly the over- 
seas merchant marine that more effective co-operation can maintained 
American railroads with such merchant marine than would possible 
with foreign corporations owned, controlled, and directed abroad, and main- 
tained for the purpose serving, primarily, alien competitive interests. 

American shipping, overseas and coastwise, suffering severely to-day 
from the nightmare depression that has seized the commerce and finance 
the world. 1300 steel steamers the Shipping Board, fewer than 400 
are now operation. From one-fourth one-third the tonnage private 
ownership unemployed. This not strange, with the exports the United 
States shrunken one-half the volume the exports 1920. American 
overseas shipping, however, differs sharply this point from American rail- 
roads, that while, except for the Canadian lines, the railroads are immune 
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from direct international competition, American ships, with their higher wage 
seales and living conditions, are engaged what unquestionably the most 
intensely international competition the world. 

Time too short into details the international problem the 
American merchant marine; but should emphasized that after all this 
not complex problem, too often assumed. matter fact, the 
whole proposition can summed few words: The American merchant 
marine overseas trade used vigorously protected National industry. 
long was protected, even part, the preferential customs duties 
and tonnage taxes during the time Washington, Hamilton, Jefferson, and 
Madison, and, afterward, the mail subsidies the Forties and Fifties, 
flourished incomparably the most efficient and prosperous shipping 
existence, For sixty years, this American merchant marine, except the coast- 
wise fleet, has been the one absolutely unprotected National industry, and for 
this reason, and other, had 1914 constantly declined. 

Throughout the old years when American overseas shipping was protected, 
American ships conveyed average 80% the imports and exports the 
United States. August 1st, 1914, American ships were conveying only 
about per cent. All who are engaged transportation will remember what 
happened that war summer 1914, when the German liners were withdrawn 
and “interned,” and British, French, and Italian ships were summarily com- 
mandeered for the service their Governments. Thanks sixty years 
neglect, there were then almost American ships, and although the elevators 
and warehouses inland were full overflowing, the railroad tracks for miles 
back from all the ports were choked with laden freight trains which could not 
moved, because there were ocean ships available. Commerce and agri- 
culture for the time being were stricken with paralysis, cost uncounted 
millions American producers, and all for the lack real American 
merchant marine. 

That experience shocked the country into knowledge the vital inter- 
dependence agriculture, manufacturing, and shipping its own. That was 
lesson not.easily forgotten. The President the United States will shortly 
address Congress and the country fervent plea for National consideration 
the merchant marine take the Government out the shipping business 
and make possible for American ship-owners and seamen live and 
prosper the routes ocean trade, and whatever specific policy may 
advise should most certainly command the eager attention all Americans 
interested trade transportation land sea. 

not problem now creating merchant marine. There already 
vast fleet being. There also great corps experienced and efficient 
officers and men, all the officers and majority the crews being American 
citizens. The question which the President will place before the nation 
problem aiding and protecting this fleet being and its personnel that 
the good tonnage the Government may transferred private hands and 
operated private initiative and under National policy that will 
give American shipping the fair chance which the tariff has brought 
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manufacturing and agriculture alike. the united conviction the 
practical men the American ocean shipping industry that without the 
equivalent that protection which other National interests have long en- 
joyed, the Government-owned, war-built tonnage will remain indefinitely 
Government hands, subject the inevitable disabilities Government con- 
trol and operation, and that private shipping, now nearly one-half the ocean- 
going merchant marine—and with fair play destined the greater half 
it—will again languish and decline, because forced unaided fight 
the competition kind which other American industry has been 
confronted. 

Within few days, American ship-owners, operators, and ship-builders 
ocean tonnage have unitedly gone record the Government the United 
States declaring that without vigorous National policy, direct and in- 
direct National aid, the ships foreign Governments, backed under every 
flag some form degree Government assistance, and manned under wage 
and living conditions which Americans will not accept, will again inevitably 
drive American ships from the ocean and destroy once the delivery service 
the ocean commerce and the resources National naval reserve. Profound 
the significance the American people the statement with which Sec- 
retary Hughes opened the Disarmament Conference: “The importance 
the merchant marine inverse ratio the size naval armaments!” 

the interest peace, the Government going scrap great part 
the best the American Navy. Every obligation National security and 
prosperity, however, forbids that Americans should follow the unexampled 
National sacrifice already made Washington the scrapping their 
merchant fleet. 
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THE MERCHANT MARINE PROBLEM 
Emory Jonnson,* Esa. 


The merchant marine has been under consideration the United States 
for more than two decades. fairly comprehensive Shipping Act was passed 
1916, and four years later still broader Merchant Marine Act was adopted 
Congress. The passage these two laws, however, has not removed the 
merchant marine question from public nor has the construction 
vast tonnage shipping for war purposes determined the status and future 
prospects the merchant marine. 

The purpose this paper consider briefly why merchant marine 
under the American flag really needed, and whether will necessary 
give Government aid shipping, order have efficient and adequate 
merchant marine. the preamble the Merchant Marine Act 1920, 
Congress declared “that necessary for the National defense and for the 
proper growth its foreign and domestic commerce that the United States 
should have merchant marine the best equipped and most suitable types 
vessels sufficient carry the greater portion its commerce and serve 
naval military auxiliary time war National emergency”. 
spite this declaration Congress, however, means certain that 
the man the street even the leaders public opinion have thought out 
clearly why merchant marine necessary, and even more evident that 
there lack unanimity opinion whether Government aid will 
necessary for the maintenance and adequate development merchant 
shipping under the flag the United States. 

Ships are built and operated primarily goods and passengers. 
merchant marine really necessary, must primarily because its 
relation domestic and foreign trade. the people the United States 
need served ships under the National flag, order develop their 
foreign trade successfully and largely competition with other great maritime 
and trading nations? 

The major share the tonnage transported the high seas carried 
chartered “‘tramp” vessels. These day laborers the world’s ocean-carry- 
ing business constitute more than one-half the large merchant tonnage under 
the British flag; and the thousands “tramps” under the British, Norwegian, 
Dutch, American, and other flags may chartered shippers any and 
all countries. The charges made for these charter services not depend the 
flag the vessel. Charter rates are determined world-wide competition. 
The big shipper the United States who has full vessel cargo can charter 
ship without difficulty. Such being the case, why necessary that American 
vessels available for charter 

Although the large shipper any country can secure foreign vessels for 
chartered services, none the less fact that, general, the country 
having the largest merchant marine has advantage international trade. 
The existence large tonnage shipping under the National flag helpful 
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the establishment and development foreign trade. This due largely 
the fact that ships are not only necessary facility foreign trade, but that 
they are one several inter-related agencies that co-operate making foreign 
trade successful and profitable. International commerce large seale, under 
the present conditions competition, requires world organization 
industry, trade, and shipping. This organization begins with manufactur- 
ing and includes merchandising, international banking, marine insurance, 
ship brokerage, freight forwarding, and the construction, ownership, and opera- 
tion vessels. When this inter-related organization has been completely 
developed, has been the people Great Britain, foreign commerce can 
under the best conditions. shipping under the National 
flag absent from the organization, developed the people any country, 
the organization less effective. Shipping under the National flag and 
adequate tonnage vessels different types are, fact, essential parts the 
trade facilities and organization with which the people the United States will 
able extend their commerce all sections the world. 

The foregoing statement applies ships all kinds, those which operate 
under charters well those managed line services. The relation 
line services trade development is, however, even more apparent than the 
relation tramp tonnage commercial expansion. Most the shipments 
importers and exporters and the major part the business freight for- 
warders require the services regular steamship lines. Most shipments are 
small lots, and the majority manufacturers and traders seeking build 
foreign trade require services regular and frequent intervals, such 


services are rendered established ocean lines. British traders, large and 


small, have long been able place their exports all foreign countries and 
draw their supplies from the four quarters the globe means the 
services regular steamship lines operated under the British flag. the 
people the United States could sure, within reasonable time, ocean- 
line services numerous and efficient those the people Great Britain, 
quite certain that the foreign commerce the United States would 
carried and developed under more favorable conditions than those which 
now prevail. 

One reason for large merchant marine under the National flag seems 
quite clear everybody, namely, that large and well-balanced merchant 
marine necessary auxiliary the Navy and times emergency may 
determine naval efficiency. times peace, the Navy may limited war 
vessels which may require the services comparatively small number 
auxiliary vessels, such colliers, tankers, supply ships, and transports. When 
war comes, however, these auxiliary craft must greatly increased, and vessels 
become necessity the Navy. estimated that time emergency 
the present Navy the United States would require the services 150 such 
merchant vessels. 

the result the construction ships during the World War, there 
large tonnage vessels under the American flag, although the number 
vessels the size and speed required for naval auxiliaries unfortunately 
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only small part the number that would needed the Navy case 
sudden emergency. will pointed out subsequently the present 
merchant marine not well balanced, either from the standpoint commerce 
from the point view the Navy. 

The principal powers the world are apparently about start naval 
holiday ten years’ duration for the purpose economizing expenditures 
for ships and naval establishments. naval holiday much desired, 
but instead diminishing, will increase the importance, from the stand- 
point National defense, maintaining well-balanced merchant marine 
under the National flag. 

Both for commercial and naval reasons there should prosperous and 
vigorous shipbuilding industry the United States. During the war there was 
large increase the number and output private shipyards the United 
States, but the world-wide depression business and the temporary surplus 
shipping, related the reduced volume trade, have temporarily placed 
American shipyards precarious condition. Should the present period 
business depression followed decline the American merchant marine, 
even serious postponement the development that marine, the 
shipyards this country will suffer greatly, and probably many them will 
forced out business. This would serious misfortune. One 
strong reason for adopting policy that will assure the successful develop- 
ment the merchant marine the importance keeping vigorous exist- 
ence the shipyards the United States. These yards are necessary National 
defense well the healthy development merchant marine. 

possible for American citizen secure ship from foreign 
builder, and register the vessel under the American flag for use the foreign 
trade, but this fact does not make shipyards unimportant part the gen- 
eral organization required the United States building greater inter- 
national trade. The commercial nations with which the United States must 
compete, Great Britain and Japan the present time, and Germany the 
future, are quite certain have large tonnage shipping under their 
National flags. should not the aim the United States play 
secondary unimportant the high seas international commerce. 
should rather the policy this country establish, far practicable, 
all the conditions favorable the shipping business and the industries 
associated therewith. 

There another present and practical reason why desirable that 
American citizens and companies should find profitable own and operate 
The United States Government, through the Shipping Board, 
war measure, has brought into existence hundreds vessels with large 
aggregate tonnage. now clear everybody that the Government cannot 
operate those vessels profitably. Congress has recognized this fact, and the 
Merchant Marine Act 1920 has directed the Shipping Board sell the 
Government tonnage soon practicable and retire early date from 
the operation vessels. 

The ships owned the Government, that is, those that are commercially 
useful, ought purchased Americans and operated chartered and 
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line services the foreign trade the United States. The Shipping Board 
offering its vessels for sale competitive prices governed world market 
conditions. hoped that these vessels will bought the people 
the United States and operated successfully foreign commerce. the 
people this country not find profitable own and operate these ves- 
sels, presumably they must sold foreign buyers, and thus the people 
the United States will the position having constructed vessels that 
will contribute the tonnage shipping under foreign flags. 

There probably more unanimity opinion the desirability hav- 
ing large merchant marine under the American flag than there con- 
crete measures taken bring about the establishment, maintenance, and 
development such marine. From time time before the World War, 
efforts were made enact legislation providing Government aid for the 
merchant marine, but all these efforts failed with the exception the enact- 
ment the Mail Subvention Act 1891—a very partial measure that has 
had comparatively little influence. carry the war against Germany, 
the United States constructed Government yards, and purchased private 
shipbuilders, large tonnage shipping, most which the Government still 
owns. The major share the tonnage owned the Government, and also 
much that owned private individuals the present moment idle, 
because the world-wide depression business and international commerce. 
Again, effort made bring about the adoption the Federal 
Government policy Government aid shipping. such policy 
necessary? Several facts indicate that Government aid some form must 
given order make profitable the ownership and operation vessels 
under the American flag the foreign trade. These reasons may briefly 
stated follows. 

Almost without interruption, between the close the Civil War and the 
beginning the World War, the tonnage shipping under the American flag 
the foreign trade continued decline. 1914, less than the com- 
merce the United States, measured value, was carried ships under the 
American flag. 

Even during 1921, time when private ship owners and the Government 
the United States were possession vast tonnage shipping available 
for the service those engaged the foreign commerce the United States, 
there was decrease the percentage the total tonnage the exports 
and imports the United States carried ships under the National flag. 

The percentage American shipping actual service declined during 
1921. The percentage the total shipping that was idle increased, while 
the same time the percentage British shipping actual employment 
increased. British ships were brought into use increasing tonnage, while 
American ships were being tied up. This fact indicates clearly that must 
have been more profitable operate ships under the English flag than under 
the American the foreign trade the United States during 1921. The 
business depression could not have affected American shipping more than 
the shipping Great Britain, Norway, other foreign countries, 
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One the most significant facts bearing the question Government 
aid American marine the fact that the present marine under the 
American flag not well balanced. There large tonnage slow cargo 
vessels most which were built the Government during and after the war. 
the contrary, there are only few vessels large size and 
knots more. The importance from the naval point view having 
relatively large number merchant vessels 10000 tons, gross 
measurement, and speed above knots very great. also necessary 
have vessels this type for the passenger and mail services and for the 
movement high-class cargoes. 

The American marine the present time has insufficient number the 
following types vessels: 


(a).—Passenger and mail vessels 15000 gross tons and up, with 
speeds knots and over. 

(b).—Passenger and cargo vessels 10000 15000 gross tons, with 

(c).—Fast cargo vessels dead weight tons and more, with speeds 
knots and over. 

(d).—Refrigerator 8000 12000 gross tons, with speeds 
knots. 

(e).—Vessels propelled Diesel engines Diesel electric drive. 


The significance the foregoing statement the insufficiency vessels 
larger size and higher speed the American merchant marine will 
made quite clear brief comparison the merchant fleets the United 
States and Great Britain. the British merchant marine, there are 632 
sea-going vessels from 2000 3000 tons gross, while the United 
States marine there are 934 these small vessels; whereas, the showing 
vessels large size the two fleets directly the opposite. Great Britain 
has 190 merchant vessels from 000 10000 tons gross, while under the 
American flag there are only 85. the British marine there are 138 vessels 
from 10000 15000 tons gross, and the American marine only 79. 
Under the British flag there are vessels 15000 tons gross and larger, 
while under the American flag there are only 14. 

The deficiency the American merchant marine regards vessels 
the higher types indicated the fact that both the British and Amer- 
ican fleets there are practically the same number vessels capable speeds 
less than knots, 556 under the British flag and 567 under the American 
flag. regards vessels speed knots and more, there are 985 under 
the British flag and only 218 under the flag the United vessels 
speeds knots, there are 221 British and American; speed 
more, British and American. 

another particular the merchant marine the United States un- 
balanced. The large refrigerator ship which makes possible the shipment 
perishable commodities from any point production any part the 
world, has come play important part international trade. June 
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30th, 1921, the British merchant marine contained 233 refrigerator vessels, 
with gross tonnage 2000000, while, the same time, there were only 
such vessels under the American flag, and their gross tonnage was only 
220 000. other words, the commerce Great Britain was served nearly 
ten times the tonnage refrigerator vessels. 

Argument not necessary prove that the efficiency the American 
marine competition with the merchant shipping other countries depends 
the construction and addition the merchant fleet the larger types 
vessels higher speeds. Moreover, the assistance which the merchant marine 
may render the Navy times emergency depends the number 
ships speeds knots and more and relatively large capacities. 

tonnage vessels having oil-burning engines, the United States 
the lead, result the equipment large part the Government- 
built vessels with engines using oil for fuel. These are steam engines and 
mainly reciprocating engines. Experts believe that the most economical and 
efficient engines the future will those the Diesel type. The fuel con- 
sumed much less and the sailing radius much greater. The initial cost 
also higher. important that ship owners should encouraged con- 
vert some their steamships into Diesel-engined vessels, and that those who 
order vessels the future should able order increasing percentage 
new tonnage equipped with Diesel engines. 

can hardly hoped that American citizens and American companies 
will find profitable the near future construct, own, and operate vessels 
large size and relatively high speed without some form Government 
aid, indirect direct. The cost such ships American yards 
the future will almost certainly higher than foreign yards. How much 
higher, not easy determine. 

Some significant facts regard the higher capital cost American 
ships compared with those built foreign yards are fairly definite. Before 
the World War, the average cost vessels was probably not less than 25% 
greater American than foreign yards. many cases, the cost 
America was 40% greater than other countries. the present time, very 
few bids are being requested purchasers ships. careful 
estimate has recently been made, however, the comparative costs 
like vessels American and foreign yards the present time, and the con- 
clusion has been reached that the cost this country would about 
20% higher than other countries. This differential, moreover, not 
likely the near future. 

The man the company who buys ship American yard and 
operates under the flag the United States has two handicaps over- 
come competition with those who purchase ships foreign yards and 
operate them under foreign flags. These handicaps are costs, over- 
head, and operating expenses. Capital charges including interest, deprecia- 
tion, and insurance amount per annum the investment 
the ship. Thus, large freight vessel costs only more when pur- 
chased American yard than when bought foreign builder, the 
owner has annual excess capital cost $17 000 $17 500. 
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The operating expenses for ships under the American flag are unques- 
tionably higher than for vessels under foreign flags. This due mainly 
wages. For standard freight vessel 800 tons dead weight, 
the wages paid the American ship during 1921 apparently averaged about 
more than the wages paid British ships. compared with Nor- 
wegian vessels, the American wage handicap was even greater. There has 
recently been readjustment seamen’s wages both Great Britain and 
the United States, and the difference wages has been reduced, but 
still large, amounting not less than $600 per month for standard freight 
vessel. also costs the American ship somewhat more for subsistence for its 
crew, and probable that the regulations the United States Govern- 
ment inspections are more than those foreign countries. 

The United States Shipping Board preparing report which will set 
forth detail the relative costs American-built and foreign-built ships 
and the relative expenses operating vessels under the American and foreign 
flags. The detailed results investigation are not yet available, but the 
figures will undoubtedly show that the case vessels all classes, ordinary 
freight carriers, combination freight and passenger ships, and high-class 
passenger and mail vessels, the capital costs and the operating expenses are 
higher for the American than for the foreign ship owner and operator. 

The inevitable conclusion that the American people are have 
large merchant marine the future—a marine that can operated profitably, 


and that will progressively efficient—it will necessary for the United 
States Government give least temporary aid shipping. 
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WATER TRANSPORTATION ITS RELATION 
THE RAILWAYS 


The speaker glad that the subject assigned him that “Water 
Transportation Its Relation the Railways” instead that “Water 
versus Rail Transportation”, which appears the programs many meet- 
ings and conventions. The competition that has existed, that many think 
should exist, between carriers rail and water has been emphasized too 
much the United States. The co-ordination rail and water service 
which there should more, has been emphasized too little. 

The policy the Government dealing with the rail and water carriers 
should have two purposes, both great importance: First, influence traffic 
move those routes over which the total cost incurred will the least, 
considering the character the service; and, second, promote develop- 
ment railways and shipping which will make them adequate National 
needs both peace and war. The speaker has referred needs war, 
they should given great consideration shaping American ma- 
rine policy. Wars are likely come again spite all efforts prevent 
them. The more that naval armaments are curtailed, the more vital will 
the part played any future wars merchant vessels that can converted 
into fighting ships. American business needs time peace and certain 
military needs case war combine make conclusive argument for 
policy that will promote the development American merchant 
marine large that any other country. 

The conditions are and will such that the Government cannot, some 
cases, carry out policy that will both influence traffic move the cheap- 
est route and the same time foster the development the merchant marine. 
There will cases, for example, where will cheaper ship American 
products overseas foreign rather than American vessels. The object 
should secure the cheapest transportation for American goods, that con- 
sistent with the upbuilding adequate American merchant marine, 
well adequate railway system. 

The water carriers with which the railways have relations may roughly 
divided into four classes. 

The first class composed ocean-going vessels carrying goods between 
American ports and those other countries. There traffic which moves 
entirely ship between the Pacific ports and Europe. There which 
moves entirely ship between the Atlantic ports and the Orient. This 
traffic handled partly American, but mainly foreign, ships. Directly 
indirectly, the trans-continental railways compete for it. the past they 
have made many rates intended cause move partly land and partly 
water rather than entirely water. For example, capture traffic which 
otherwise would have moved boat from the seaboard, through the 
Suez Canal the Orient, the railroads formerly made rates the Pacific 
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Coast, that were much lower export than domestic business and changed 
them often was necessary get their share the business. Public 
regulation required, however, that they should publish these rates. This 
rendered impossible make rapid changes them, and the roads were 
also required not beyond certain limits reducing them below their 
domestic rates. consequence, large part this business was lost the 
railroads. 

course, however, the usual relationship between the railways and ves- 


sels service that connections rather than competitors. 


This true that there are some notable examples trans-oceanic steam- 
ship lines being owned and operated railway companies through routes 
connection with their railway lines. The Canadian Pacific operates ves- 
sels both the Atlantic and the Pacific. The Great Northern under the 
management the late James Hill, Am. E., established 
steamship line the Pacific.to the Orient. The Southern Pacific owned the 
Pacific Mail Steamship Company and rendered service across the Pacifie Ocean 
connection with its rail lines. There have been other examples the same 
kind, but, present, practically none the railways the United States 
operating boats owned them trans-oceanic service. The operation trans- 
oceanic steamship lines railway companies has benefited Canada, and probably 
would benefit the United States, but the American policy regulation 
railways discourages it. Although the American policy regulation rail- 
ways discourages them from owning and operating steamship, 
lines, attempt now being made force them favor American vessels 
handling export and import freight. The two policies seem inconsistent. 

The Government, undoubtedly, should use its influence bring about every 
form co-ordination between the service and rate-making the railways and 
the merchant marine the United States. Neither morally nor economically, 
however, would justified requiring that the railways establish rates and 
service connection with steamship lines, which would cause losses the 
railways. part the duty the railways, directly indirectly, 
subsidize the steamship lines any more than part the duty the 
steamship lines subsidize the railways. The American merchant marine 
should built for the benefit the entire nation and, therefore, insofar 
must subsidized the entire burden the subsidies should borne 
the public through the Government. the railways are required 
favor American ships the matter contract relations, interchange 
otherwise, should done way which will helpful the merchant 
marine without being injurious the railways which have just good 
claim fair and helpful treatment from the Government 
marine. 

The laws give American ships monopoly the coastwise trade. Ocean 
transportation much cheaper than rail transportation, where the dis- 
tances rail and water are anywhere near the same, that impossible for 
the railways compete with it. Even where the distance water much 
greater than rail, the Panama Canal route between the Atlantic 
and Pacific Coasts, the railways can hardly hope compete for traffic that 
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originates near one coast and destined for points near the 
other coast. The conditions are different when traffic originates in, 
destined to, points interior and, therefore, must handled either partly 
rail and partly water, entirely rail, and this true most the 
traffic for which the railways compete with the Panama Canal route. 

The question what relations should established between the railways 
and coastwise vessels using the Panama Canal still the subject much 
controversy. The railways are prohibited from owning vessels operating 
through the Canal. The vessels are now required pay tolls, but spite 
this are taking increasing amount the competitive away from 
the railways. Attempts are being made secure the abolition the 
tolls, which would give the vessels increased advantage. Meantime, the 
railways are asking the Interstate Commerce Commission allow them 
reduce their rates the Coast without making corresponding reduc- 
tions their rates interior points, order that they may meet the com- 
petition the vessels points the coast without, the same time, 
reducing their earnings going the interior. 

Here, the problem establishing proper relations between the railways 
and water carriers found its most complex and difficult form. 
cannot solved correctly merely considering what the interest 
the steamships the railway lines. solved correctly only 
considering what the interest the nation whole. Americans 
should spare reasonable effort build their merchant marine. That 
the National interest. the same time, they should not order 
build the merchant marine, adopt policy which will tend tear down 
those railways which seek share this 

The competition which presents the problem is, should noted, not 
between means transportation owned the one side Americans and 
the other side foreigners. between two kinds transportation 
agencies both which have been provided American capital and both 
which are equally entitled fostered, least not injured, the 
American Government. The speaker feels strongly favor the up- 
building the American merchant marine that was necessary sub- 
sidize enable compete successfully with the merchant marines 
other countries for American commerce and that the rest the world, 
favor subsidizing from the public treasury much may 
necessary. Other nations this, and Americans cannot safely refrain from 
doing while they it. 

However, when the question presented one arising from competition 
between American railways and American ships, the latter operating through 
canal built for taxes paid the entire American people, seems the 
speaker that such influence the Government may exert should used 
cause the traffic move the cheapest route, differences service being 
considered. What, however, the real measure the relative cheapness 
rival routes? not merely the rates actually charged the shipper any 
given time. If, for example, the coastwise vessels were exempted from tolls 
and reduced their rates the shipper correspondingly, this would not mean 
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that the cost transportation the Canal route had been reduced. would 
simply mean that the public was paying taxes part the cost which the 
shipper before had paid the rates. The true cost transportation any 
route, rail water, the rate for which the carrier rendering the service 
can reasonably afford haul the shipment without receiving any contribution 
toward payment the cost it, except the rate charged. This 
abstract statement, but the speaker will use the very question under con- 
sideration illustrate concretely what means it. The railways the 
Pacific Coast have source income but their rates which, whole, must 
cover all their outgo. They can better afford reduce their rates this 
trans-continental traffic below the average rates they obtain all their traffic 
and thereby get some this trans-continental traffic than without en- 
tirely. There is, however, limit below which the railways could not reduce 
their rates trans-continental traffic without making the earnings from 
less than the out pocket expense incurred handling it. The railways 
can trusted, because their own self-interest, let the traffic en- 
tirely rather than reduce the rates point where they will actually un- 
remunerative. The speaker maintains that the coastwise vessels cannot pay 
tolls which will contribute reasonably toward the interest, maintenance, and 
operating charges the Canal, and the same time operate profit 
rates low enough meet the rates trans-continental traffic that the rail- 
ways find they can better afford make than give the business, then the 
rail route actually cheaper than the water route and the business ought 
move over it. 

matter fact, there doubt mind that the coastwise vessels 
always will able pay substantial tolls and the same time carry most 
the trans-continental traffic. exempt them from the tolls and the 
same time prohibit the railways from making lower rates the coast than 
the interior would drive the railways entirely out the trans- 
continental business and force them get all their earnings from traffic for 
which they not compete with the steamship lines. 

The relations the railways water carriers the Great Lakes are 
like most coastwise carriers. The cost transportation 
the Great Lakes much less than rail for traffic that can 
handled entirely almost entirely water that the railways cannot compete 
for this traffic. The water carriers have virtual monopoly the transporta- 
tion coal the Northwest from the Pennsylvania and West Virginia fields 
and ore from the Northwest, the railways simply serving feeders 
them. The lakes are closed navigation the winter, however. This gives 
the railways, which can operate the entire year, advantage respect 
the relative costs rendering service that they otherwise would not have. 
Furthermore, the traffic between the North Atlantic seaboard and Chicago 
must transferred route moves part way over the Great Lakes. 
Finally, the railways are better able than most the lake carriers give 
prompt service and maintain agencies throughout the country for the 
solicitation business. Consequently, the all-rail routes between Chicago and 
the Atlantic seaboard are able compete for most kinds business with 
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the rail and lake routes. Formerly, several railways owned and operated boat 
lines the Great Lakes, which formed direct through routes connection 
with the eastern rail lines. Legislation intended increase competition be- 
tween the lake lines and the railways prohibited this railway ownership boat 
lines except when authorized the Interstate Commerce Commission. The 
result was that most the railways were forced sell their boat lines and 
the service the lakes was seriously reduced. The legislation, instead 
conferring public benefit, accomplished public injury, such legislation 
not infrequently does. 

The only remaining waterways with which the railways have any rela- 
tions are canals and improved rivers. The Government has spent large sums 
money trying develop canals and rivers which could compete with 
the railways. has passed legislation prevent the railways from reducing 
rates solely kill water competition and later increasing them; but while 
the traffic the railways has continued increase, the traffic most canals 
and rivers has continued dwindle. Probably one the main reasons for 
this that the Government has wasted its energies and money spending 
them many projects instead concentrating few the most 
promising. Recently, the Government has been making experiment with 
inland water service which real interest and importance. This 
the Mississippi and Warrior Rivers. has public expense provided im- 
proved towboats and barges and has built new water terminals several 
points. their face, the results thus far obtained are not highly en- 
couraging. the year ended June 1921, the operating deficit incurred 
the Mississippi River section was $503 000 and the Warrior River sec- 
tion $480000. the Mississippi River the average revenue from each ton 
transported was $4.39, whereas the average operating expense for each ton 
transported was $6.56. the Warrior River section the average revenue for 
each ton transported was $1.86, and the average operating expense for each 
ton was $4.11. The report shows, however, that the three months, April, 
May, and June, actual net profit almost $23000 was earned the 
Mississippi River section. 

Although the speaker has said the results thus far obtained from this 
ambitious project are far from satisfactory, believes that the Government 
should encouraged continue the experiment and that this and all 
other cases the railways should freely co-operate with the water carriers 
the interchange traffic and refrain from making rates intended mainly 
drive them out business. There has been much discussion this country 
the relative costs and advantages rail and water transportation. This 
insofar has related rail transportation versus canal and 
river transportation has been peculiarly barren, because never has canal and 
river transportation been tested under such conditions with respect depth 
waterways and character towboats, barges, and terminals enable 
one judge intelligently the relative costs modern inland water trans- 
portation and modern rail transportation under American conditions. Per- 
sonally the speaker does not believe that inland water carriers, except the 
Great Lakes, can ever compete successfully with the railways the United 
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States the character the service well all the costs incurred 
rendering the service are considered. the total cost water transporta- 
tion included, not only the cost maintaining and operating the boats, but 
also the cost maintaining the waterway and interest the investment 
made improving it. comparison the cost water transportation with 
the cost rail transportation fair reasonable, which does not include 
these items. More real evidence needed regarding the actual cost rail 
and inland water transportation from which draw final conclusions. 

Perhaps will not inappropriate suggest closing that there 
other organization this country that competent determine where 
rail transportation can rendered less economic cost than water trans- 
portation and where water transportation can rendered less economic cost 
than rail transportation this Society. May the speaker venture add that 
public men and opinion need guidance solving this and all other 
great transportation problems and that the competency engineers this 
respect carries with correlative duty. 
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RAILROAD TRANSPORTATION 


was the speaker’s good fortune, from 1903 President 
the Northern Railway Company. 

that decade the owners and directors spent more than 
improving the property physical way, and large amount work was done 
making the Northern Pacific transportation machine that could produce 
maximum transportation units with minimum expenditure physical 
energy. This was for the ultimate purpose giving the growing com- 
munities between Lake Superior and the Pacific Ocean, good transportation 
the lowest practicable rates consistent with fair return the fair value 
the plant. 

that interesting work the speaker had the assistance, Chief Engineer, 
first Pearson, Am. E., resourceful design and experienced 
the use modern railroad facilities, and who now President the New 
York, New Haven, and Hartford Railroad Company, and, later, 
Darling, Am. Soe. E., past master railroad engineering problems. 


One interesting piece work was the revision the line and grade the 
Northern order that heavy tonnage trains could moved from 
the Red River Valley over the Divide into the Mississippi Valley. east- 
bound grade was decided upon place the existing maximum 
per cent. accomplish this required embankment miles long 
having maximum height ft., and total yardage 155 694, which 
067 844 cu. yd. are above the plane the original ground line and 087 850 
cu. yd. are below that plane. 

After the work was started, was discovered that the bed prehistoric 
lake was beneath part the heavy fill, the old lake bed being filled with 
sedimentary deposit sand, saturated with water, for about ft., underlaid 
soft blue and yellow clay. The result was that the heavy fill broke through 
the surface and the continuity the grade line was broken, forcing 
the introduction short piece grade, which, however, does not limit 
east-bound train tonnage, except bad weather, when helping engines have 
used. This work was begun March, 1906, and completed December, 
1909. For ten years there has been little further subsidence, and possible 
that due time the entire embankment can brought the original 
0.30% grade. 


BETWEEN VANCOUVER, WASH., AND PorTLAND, ORE. 


Another interesting work with which was the speaker’s privilege 
associated, was the building the Spokane, Portland and Seattle Railway, 
which has 0.40% grade between Spokane and the Snake River, and 0.20% 
grade along the Snake and Columbia Rivers Portland, thus making fine 
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line for the development the Inland Empire and the Columbia River Basin, 
capable being operated cheaply when any substantial tonnage moving. 
The entire line along the Columbia and Snake Rivers and from the Snake 
River Spokane, Wash., most interesting from engineering (as well 
from commercial) standpoint, and has much heavy rock work through and 
around basaltic cliffs and many heavy fills across “coulees”. 

The Spokane, Portland and Seattle Railway Company owned jointly 
the Northern Pacific Railway Company and the Great Northern Railway Com- 
pany and uses certain parts the Northern Pacific, the bridge over the 
Columbia River, and the entrance Portland the west bank 
the Willamette River; well the old Northern Pacific main line Goble, 
Ore., where connection made with the Astoria and Columbia River Railroad, 
purchased the Spokane, Portland and Seattle, thus forming low-grade 
line between Spokane and Astoria the mouth the Columbia. There 
also branch, 156 miles long, Central Oregon. The Northern Com- 
pany, with its main north and south line between Portland and Tacoma and 
Seattle, joined the Spokane, Portland and Seattle (of which one-half 
owner) creating remarkable piece railroad from the north side the 
Columbia River Vancouver, Wash., the west bank the Willamette River 
Willbridge, North Portland, Ore. 

This line made the bridge over the Columbia River, Hayden Island, 
and Oregon Slough; 467 ft. bridge, which 194 ft. are girder spans over 
Hayden Island and 273 ft. truss spans over the two channels, with draw spans 


467 ft. and 333 ft., respectively. The maximum depth the foundation 


below low water ft. and below the base rail 126 ft. About miles 
road have been constructed across the St. John Peninsula, Oregon, order 
reach the Willamette River which has heavy bluff the side. 
order maintain the grade line, this bluff had cut and 357 000 yd. 
material were taken out. Then, the Willamette River Bridge, ft. 
long, with draw span, 521 ft. long was built, the largest double-track draw 
span the world that time. The maximum depth the foundation below 
low water ft., and below base rail 148 ft. 
There were used the construction the two bridges: 


Masonry and 012 cu. yd. 
Steel tons 


and the two bridges cost $4160000, sum far less than they would cost 
to-day. 

Work was begun the foundations for the Columbia River Bridge 
February 8th, 1906, and the superstructure was completed February 26th, 
1908. Work the Willamette River Bridge was begun August 11th, 1906, 
and the first train between Portland and Vancouver was moved November 
5th, 1908, and regular passenger service began November 17th, 1908. The 
bridges and the connecting tracks are double track, and are now being used 
the Northern Pacific, the Spokane, Portland and Seattle, the Great Northern, 
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and the Oregon-Washington Railroad and Navigation Company the Union 
Pacific System. Mr. Darling was Chief Engineer the Northern Pacific and 
the Spokane, Portland and Seattle that time, and Ralph Modjeski, Am. 
E., was charge these two great bridges. 

time goes on, this Spokane, Portland and Seattle line Astoria, and 
this entrance Portland, will play more and more important part the 
development, commercially and socially, that interesting part the 
Northwest between Portland and Bend, Ore., the south, Astoria the west, 
Vancouver, C., Canada, the north, and east into the Inland Empire and 
the Columbia and Snake River Basins. 


Work THE NEw Haven. 


the New York, New Haven, and Hartford Railroad, became absolutely 
necessary add the capacity that property was serve the large 
tributary population. Mr. Pearson was asked associate himself with the 
property and, with him, plans were developed for the work that gradually 
being finished under his direction. This addition increases the ability the 
property handle its heavy freight tonnage and numerous passenger trains 
and reduces the cost per unit transportation produced. Two important 
pieces work are the large freight yards New Haven, Conn., and Provi- 
dence, 


IMPORTANCE THE ENGINEER TRANSPORTATION. 


Some these things are mentioned emphasize the great importance 
the engineer the transportation problem the country, not only creating 
the original transportation machine, but perfecting that there will 
the maximum output minimum cost these days complications, high 
wages, and other costs, affecting the administration any industrial plant. 
Also, show how much benefit the speaker’s education engineer and his 
association with engineers has been his work the railroad world. 


TRANSPORTATION. 


The speaker has been asked say something about “Railroad Transporta- 
tion”, which vital the present and future development the United 
States and its people, agriculturally, industrially, financially, and socially. 
Without easy means communication, obvious that the highest develop- 
ment our wonderful resources and the consequent improvement living 
conditions cannot obtained. 


Let examine briefly the development the railroad system half 
century—a development made possible men imagination, vision, and 
courage; financiers and investors who took chances; and last, but not least, 
engineers who have been able carry into effect the plans and purposes 
the other two groups. 


= 
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United Eastern Southern Western 
States. District. District. District. 
1920 (December 258 708 296 274 141 138 
Percentage increase 126 877 
Population: 
558 371 693 654 899 435 965 282 
1920 (January 105 710 620 565 264 356 714 788 642 
Percentage 174 138 182 299 
Year. Urban. Rural. Percentage urban. 
166 120 806 146 45.8 
304 603 406 017 51.4 


Urban population comprises that population residing cities and other incorporated 
places 2500 inhabitants more, and unincorporated towns 2500 more Massa- 
chusetts, New Hampshire, and Rhode Island. 

interesting note that the railroad mileage has increased twice 
fast the population (mileage 375%; population 174%). the great empire 
west the Mississippi, mileage has increased 877%, and the population 299 per 
cent. This indicates clearly that the men courage and vision, the men 
with ability raise money, the engineers with ability design and construct 
have done great work providing the present marvellous transportation 
machine that essential the 107000000 people who are crowding too 
much into cities and away from the country, are sheltered, fed, clothed, 
kept warm, and safeguarded their various occupations and their homes. 
These men ought receive commendation and thanks for what they have 
done and made possible for the country, and the great transportation machine 
ought allowed living and encouraged expand. 

Unfortunately, for the future growth the United States, there too 
great tendency the part the public and the lawmakers see only 
the minor mistakes incident the creation and operation this great 
transportation engine, which performing such prodigious work for all 
(hampered many laws), and failing appreciate the whole wonderful 
work and what the Nation would without it. They hold the “penny” 
failure close their eyes that they not always see the “twenty-dollar 
gold piece” accomplishment. 


What have the American people done Marvellous accomplish- 
ments, made possible the wonderful transportation system moving food, 


fuel, raw materials, finished products, and people vast quantities and over 
great distances. 
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TABLE PROGRESS THE UNITED STATES, 
1870 and 1920.* 


Ratio. 
1870. 1920, 1870:1920. 


Wealth per capita............ 839 3.6 
Public debt, less cash Treasury uly 331 169 956 330 1:10 
Public debt, per 60.46 3.8 
Interest bearing (July 046 455 722 061 095 1:12 
Annual interest 118 784 960 016 592 219 
Interest per ........ 3.08 8.1 
Total money circulation (July 676 284 427 087 555 087 
Total money circulation per capita (July 17.51 


Production Principal 


Cotton bales, gross 024 527 987 000 3.2 
(pounds)...... 043 000 244 250 000 2.8 
50 000 000 49 509 400 1: 1 
Natural gas (1919) 162 000 000 
220 951 290 622 884 000 1:84 
Phosphate rock (lon tons 108 
Iron ore 031 891 558 000 1:23 
Total minerais (dollars)t..... 218 598 994 707 000 000 1:31 


Manufacturing Industries United 


Cost material used (1914) 088 831 1:14 
Manufactures wool (value) (1860)......... 454 000 464 249 813 6.8 
Manufactures silk (value) (1860)......... 607 771 254 011 257 
Total expenses public schools (1870).. 396 666 (1918) 763 678 089 


“Statistical Abstract the United 

Estimated. 

Calendar years. 

Figures include only about 45% California crops. 
Approximate. 


1920. 


The population, production, wealth, and comforts have increased. Schools, 
colleges, libraries, hospitals, and attention the sick and poor are all 
much larger and better basis, due the growth the country and the 
use its resources; and all this, the railroads were and are absolutely 
essential, but they have not prospered accordingly. 


TRANSPORTATION 


This development has been possible the movement enormous num- 
ber tons freight and passengers, shown Table 

This development has furnished sufficient passenger transportation, 
reasonably good year, give every man, woman, and child trip more than 
350 miles, and enough freight transportation haul between 3000 and 4000 
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tons mile for each, which equivalent handling more than tons 


freight mile every day the year for every man, woman, and child the 
United States. 


TABLE CONSUMPTION TRANSPORTATION. 


year. Population. Tons per mile. |Passengers per mile. 
129 408 141 599 157 270 007 217 860 210.7 
219 378 186 463 109 510 800 149 436 214 282.6 
267 080 255 016 910 451 338 496 329 764 
1915..... 840 277 185 000 000 475 000 000 790 826.9 
102 172 845 *398 263 061 787 *40 099 757 819 899 
108 587 955 *408 778 061 079 212 458 079 946 
105 003 065 *367 161 370 571 *46 165 980 497 
106 418 175 *413 675 000 000 *47 966 000 000 887 *450.7 
107 833 284 000 000 000 *37 000 000 005 


Calendar year. 
Estimated. 


SaFETY. 


Thirty years ago, the average traveler took eight railroad trips per year, 
and now takes twelve trips. Then, averaged miles per trip, and now 
miles. Notwithstanding that rides more frequently and greater dis- 
tances than formerly, yet the danger life far less than used be. 

1920 the railroads the United States carried about 1300 000 000 pas- 
sengers, with killed for every carried. total 472 
people carried 1889, the death rate was 1523000. The danger life 
railroad travelers 1920 was, therefore, less than one-third what was 
1889, most the reduction accruing since 1907. sure, there have 
been years when the proportions varied, but the general trend throughout the 
whole period has been decidedly toward the increasing safety the traveling 


public. 
TABLE 
Net railway operating Percentage rate 
June income. Property investment, return, 

724 184 708 $14 246 167 475 5.08 
484 383 682 497 022 4,84 
619 435 284 489 
661 018 147 842 127 5.17 
683 104 833 257 146 632 4,20 
984 872 959 688 440 056 5.90 
040 084 517 884 440 6.16 
068 770 762 152 127 5.26 
638 568 603 213 629 613 
454 984 529 749 2.46 
661 782 134 000 000 0.11 
542 409 582 694 622 226 


Twelve months ended September 30th, 1921. 
fifteen large switching and terminal companies. 


The returns for this period include 
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INADEQUATE Pay THE 


abstract question, any fair-minded man will say that “the laborer 
worthy his and that the railroad should compensated justly and 
even generously for the service rendered, provide for the future when 
more and better transportation will needed. What has been the result? 
Table shown the rate return the railroads for the period 1911-21, 
which return wholly inadequate, private ownership sustained and 


present, the country and the railroads are some distress; agriculture 


trouble, industry slack, and business poor. The railroads realize 
this, but those who are now advocating that one way bring about resump- 
tion business activity reduce the railroad income still further should 
careful. 

Economic ADJUSTMENT, INFLATION, AND DEFLATION. 


The speaker would like say word about “deflation” and “inflation”. 
During the World War, agriculture and industry generally, and wages, were 
more less inflated, and much higher prices were received for food, fuel, and 
articles produced, than prior the war, and wages were increased. Farmers 
and farm plants improved their condition very much, and agricultural lands 
were sold never before dreamed prices. Securities representing manufac- 
turing plants were much higher value and price. great many manu- 
facturing enterprises were able put their prices during the war such 
basis that there were large profits, either money additions their 
plants and facilities, that they are now much better position than before 
the war. 

Every one will admit that there was period inflation and considera- 
ble prosperity for the farmer, the manufacturer, and the wage earner. There 
was not, however, for the railroads. They received scanty living through 
payments from the Government, order keep them going; but, unfortu- 
nately, their properties were returned them deteriorated their physical 
condition, demoralized their personnel, and with many new and difficult 
methods management and high wage costs imposed. 

These conditions, growing out war and Governmental control, are being 
corrected slowly the hardest kind work between the managements and 
the men, and with the Governmental agencies, which, under the Transporta- 
tion Act, have the final power each these matters. 


Must SHARE THE DEFLATION. 


Deflation taking place to-day many directions, and all must bear part 
the burden. The farmer has felt the full force this, and from the pros- 
perous condition which lived during the war, has had come down 
long way. This naturally hurts him, and he, not unnaturally, looks around 
for relief. 
The railroad officials believe that agriculture one the fundamental 
industries the United States, and that they should help moderate 
reduction rates one step trying better the existing situation, not 
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because they can afford out their present returns, but the ground 
helping out. 

Manufacturing enterprises are also deflating, and the same may said 
about the jobbing and distributing business. slow and difficult process, 
but, again, these two classes human industry had, during the war period, 
the chance for great prosperity, large profits, and great additions their 
plants, and many them availed themselves that opportunity, but the rail- 
roads did not have that chance. 

What generally described “labor” has already been hurt unem- 
ployment and some reduction wages, which, however, has not yet 
the great transportation interests the extent should, if, what some 
the people the country think needed, namely, lower transportation charges, 
are obtained. 

would seem labor, through its great leaders, ought recognize 
the fact that this deflation process going on, admit that must come, and 
allow lower unit wage many directions, not only the railroads, but 
the mines and the building trades, all which would mean the employ- 
ment more men, and lower unit price many articles that are used 
all, and thus tend reduce the cost living and help break the present 
endless chain expense. 

Mr. Julius Kruttschnitt, his interesting and readable article the 
Atlantic Monthly for January, 1922, makes the following statement about the 
labor costs the railroads, the result the Adamson Law, other 
Federal and State Laws restrictive character, the war, and the practices 
developed during Federal control and action the Labor Board: 


“The labor costs Class carriers were 113 per cent. higher 1920 than 
1917, preceding Federal control; and the increased had been 
effect during twelve, instead only eight, months 1920, the increase 
would have been about 125 per cent. The Government during its control 
allowed gross revenues increase less than per cent. costs have 
risen since the Government took charge them 1916, under the Adamson 
law, from 698 the total amount paid labor 
during 1920 being very nearly sixty times the $61 928 626 net income yielded 
the operation the railroads. 

“The history the direct labor increase interesting and important. 


“The labor bill Class carriers 1916, before the Adam- 


son law took effect, stood ..... 468 576 394 
1917, when the law was bill 


This was increased the Railroad Administration 


This was further increased the Railroad Administration 

This was further increased the Railroad Labor Board 


$10 132 000 for every day of. the year. 
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“The increase labor alone, from 1916 1920, was 000 000—nearly 
equal 357 000 000, the total operating expenses all Class roads 
1916, which include, not only cost labor every description, but cost 
materials, fuel, depreciation, loss and damage freight, injuries persons, 
insurance, and the rest. 

“After the return the railroads their owners, they were made per- 
form the greatest transportation task their history. They moved more 
freight and passengers, loaded their cars more heavily, and moved larger 
train-loads. That cost too much this was due, shown, almost 
entirely causes beyond the railroad managers’ control.” 


reasonable policy labor deflation would extremely helpful, because 
the wage bill the railroads large part their total expenses and 
they are such heavy buyers materials, the cost which made 
largely labor. When they are the up-grade the railroads are very large 
buyers—perhaps the largest buyers—of many articles, which means employ- 
ment men and greater demand for food and other articles. 


The country pays big bill—through rates—for the transportation service 
furnished the railroads, but the country big country, and the amount 
transportation furnished very large. The production extremely 
costly, and, to-day, there adequate return the plant that furnishes the 
service. 

The returns, after expenses and taxes for 1921 (partly estimated) have 
been paid, will not exceed not quite enough pay the fixed 
charges about 000, including the interest bonds widely dis- 
tributed among individuals and held insurance companies, savings banks, 
and charitable institutions; thus leaving nothing for improvements the 
stockholder. This might all right the roads had been allowed the 
past, other industry has been, earn liberally other years. 

This meager result was obtained only the cutting maintenance and 
repair work the lowest limit consistent with safety. has been estimated 
that 1921 more than $400 000 000 maintenance and repair work was post- 
poned, and sooner later, this work must done. 

should remembered that for many years prior the war the general 
level rates was not sufficiently high protect this National industry 
transportation, and there was danger, agriculture and all classes 
industry, the supply transportation not being adequate for the needs 
the country. Therefore, cure that economic difficulty, effort was 
made through the Transportation Act and through the rates permitted 
the Commission under that Act. 

These rates are higher than they were before the war, but they were then 
far too low for safety, and are comparing to-day with indefensible 
basis, the country continue private operation and ownership rail- 
roads, subject public regulation. 

Critics the general level rates should remember and consider how 
out balance rates were before the war and that, to-day, although some may 
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too high, the general level rates approved the Interstate Commerce Com- 
mission 1920, with numerous adjustments made since, not too high, con- 
sidering what the railroads have pay for wages, fuel, and supplies 
and should remembered that the increase the United States, because 
changed conditions, has not been nearly great the increase trans- 
portation charges many other countries which have suffered from the 
same world-wide conditions because the increase wages and the price 
for fuel and materials used their respective transportation systems. 


Rates, Too Low. 

The railroads this country have always believed ‘in making low rates 
they possibly could, and has been thought some that they went too 
far times. fact, the Transportation Act recognized that danger 
giving the Commission power name the minimum well the maximum 
rate. The railroads want low rates they can afford, because the great 
distances and because they want the widest distribution and the greatest 
exchange all kinds commodities. 

The owners and managers, however, these great railroads are trustees, 
holding these properties for service the public, well earn return, 
and, making their rates and presenting facts the public about their 
business, about the charges they make for service, they must realize that they 
have paramount duty maintaining safe and adequate transportation 
machine, and managing honestly, efficiently, and economically. 

permit wastage through inadequate rates means deterioration the 
properties within their charge, which will tend prevent their serving the 
public adequately; and permit such wastage not honest, efficient, and 
economical, any more than labor, they can con- 
trol it, the use material, any other form management. 


Many Factors Consiper Besipes 


Rates, course, have bearing the development and success agri- 
culture and industry; but they are not the only important elements the 
problem, that must considered before improved business conditions obtain. 

For example, to-day, the labor cost building house far more impor- 
tant than the rate the material itself, and the labor cost much greater 
deterrent solving the important housing problem the country than the 
railroad rate. This labor cost goes back into the lumber, the steel, the iron, 
the brick, the cement, into the railroad rate, and, evident, the wages 
received the men actually engaged placing the material, after has 
been put the ground, the form house. 

very important, not only for the railroads, but for the public, 
just and without prejudice, and realize that there are great many factors 
besides rates which are affecting business to-day. 

sweeping reduction all rates would not, the speaker’s judgment, 
this time increase business, for many other things must settled before 
obtain what all desire, that is, complete revival industry this 
country. 
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The speaker refers such matters the various foreign questions which 
seem fair way adjustment the Disarmament Conference now 
going Washington; the tariff question, which Congress now has hand, 
and which most the tax question, which has been partly settled and 
which even more difficult than this railroad rate question, and the general 
financial condition the world. 


TRANSPORTATION ACT. 

regard the Transportation Act, which, to-day, the guide for the 
railroads, the regulatory bodies, and the public: The country debated the 
general subject for long time, Congress did the same and finally passed the 
bill. has been the law only about twenty months. During some those 
months, business has been depressed and disturbed, and can truthfully 
said that the Act has not had fair trial. Only little more than year 
ago, the the country was not about rates, but about the inability the 
railroads handle all business promptly. That condition likely exist 
again when business resumes, proper steps are not taken. 

The country, that Act, declared for National railroad policy, and the 
supreme power the nation, through the Commerce Commission and the 
Labor Board, over questions dispute rates and regulations thereof and 
wages and working conditions, respectively; also for policy self-support 
for the railroads out the rates charged for transportation furnished the 
public. The public, after this long debate, turned away from the doctrine 
supporting their transportation system through taxation, and also turned 
away from Government ownership. will most unfortunate for the coun- 
try turn back Government operation ownership, because the present 
difficult conditions from which will emerge due time. 


TRANSPORTATION. 


Improvements transportation practice have been continuous for long 
term years, and the total accomplished likely lost sight of. Not 
many years ago, all the land transportation the country was furnished 
packing the backs men animals; to-day, there are being handled 
with the aid less than 2000000 men, more than 000 000 ton-miles 
freight each year. The physical effort this represents, under the old 
methods, the labor about 250 000 000 men, and the cost the has 
decreased from about cents per ton per mile, based 1921 returns. 

course, would impossible apply this amount man power, 
but the comparison given show how the efficiency the railroads has 
released untold man power for the great development the country many 
other directions. may argued that highway transportation would have 
developed even more than has the railroads had not been here and the 
country, therefore, served highways and waterways. Without the rail- 
roads—the primary form transportation the country—the motor vehicle, 
the gasoline propel it, and the hard surfaced roads never could have been 
developed except limited extent. 
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Every progressive railroad manager knows that some further economies 
are possible, but they depend largely two factors that cannot made 
effective once: First, the spending money for capital account the 
creation better facilities; and, second, the actual price paid the indi- 
vidual workman and the development him spirit that his duty, 
American citizen, all can bring down the cost trans- 
portation, because the help such reduction will working out the 
soundest possible general economic scheme for the whole country. This same 
idea ought applied those who work mines, factories, and forests, be- 
cause fuel and material prices affect all and very largely depend the 
ciency the individual man and the wage paid. 

The engineer peculiarly position with his trained and accurate 
mind help determining the wisest form improvements transpor- 
tation facilities and practices made (if and when money can 
obtained) for increasing economies operation. Among economies that 
are not completely developed are: 

lessen the tractive power necessary haul ton freight. 

location and design terminals both for handling carloads 
and merchandise; improved water and fuel stations. 

economies the production and use power from steam 
and electricity, whether obtained from fuel water power. 

design locomotives and cars have the maximum 
capacity and strength with minimum dead weight. 

5.—A better supply well-designed repair plants equipped with high- 
powered and rapid-working tools all shops and roundhouses, where mechan- 
ical work performed. 

methods receiving, storing, and distributing the great 
quantities materials and supplies that are used each day the railroads. 


elimination waste which prevalent all walks American 
life. 


Tue 


not beyond belief that within fifty years there will 
people the United States. They can well cared for every one will 
co-operate and work. Vital their well-being, however, will adequate 
transportation machine. To-day, the country has one made the rail- 
roads, seaways, waterways, highways, and motor transport, representing great 
values, possibly $60000000000, next agriculture element 
National wealth. this the present railroad system, any fair basis 
allowance for good will, strategic position, experienced organization, and all 
the elements that enter into values other classes property, probably 
worth $25 000 When there are 250000000 people, ton-mileage 
even 3000 per annum instead the present 4000, give them good 
living being furnished to-day, will mean the movement 750 000 000 000 
ton-miles per year plus the added passenger travel—double that now provided. 

Thus, the present great transportation machine must enormously added 
to, possibly doubled, not mileage, but capacity and co-ordinated with 
other forms transportation. Great sums new capital must obtained, 
probably more than $25 000 000 000, and this can only obtained there 
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safety for the principal and fair annual return. The engineer par- 
ticularly interested having this work on, because the important part 
will play it, well the development economies the existing 
system. 

The country and the world are somewhat the “dumps”, but times will 
change and conditions will better. The speaker believes that the United 
States the threshold the most glorious period its history, and that 
Americans can take place the history nations never before achieved 
they will only think right, work hard, and use carefully their great powers 
and resources; and the transportation machine should all times kept 
adequate the growing needs the country. 


The railroad system the country has been and great engine for 
advancing civilization. engineer has played most important part 
and operating this engine. With the great development the 
United States, however, and the crowding people into cities, have come per- 
plexing social problems which must attacked and solved the country 
achieve its highest destiny. Some these are: 

Use and Conservation Natural Forces and Resources.— 
Nature has been generous the United States and the people have not 
been obliged save the past much they must the future. The 
engineer, perfecting the processes for developing and conserving resources 
can help bring about better living conditions and promote National health 
and National safety. Think the possible development the next fifty 
years along the lines fuel conservation, use cheaper forms coal for 
power, water-power development, control the flood waters valleys 
and control water the mountains for irrigation. The better use 
natural forces and the elimination waste use natural resources 
are most important. 

cities and towns and 797616 the country. 1920, this had changed 
for cities and towns and 51406017 the country. 

Cheaper fuels and wider distribution power will permit wider use 
mechanical devices the farm, the small home, and the small 
factory, and increasing comfort and convenience the country, check the 
drift the city. 

(c).—Better Rewards for the cost living can reduced 
there National policy leading the better use resources, and more 
people willing produce food. 

Agricultural and farm life however, must offer attractions and rewards 
the young people equal what they think can obtained the cities. 

Relation Labor and distribution the annual 
increment wealth the country very properly subject that engages 
the attention every one. one naturally desires obtain all can 
consistent with regard others. Out this natural effort great organiza- 
tions labor and capital have developed. Such organizations are all right 
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wisely and honestly directed. Labor unions are all right when they are 
conducted that waste eliminated and they are efficient and economical 
instrument society whole. When they cease that, their useful- 
ness gone and society will get rid them. There place this country 
for wisely directed labor unions, but place for labor tyranny. 

Society some time ago discarded the club, the sword, and the pistol 
weapons for the settlement personal disputes. Society getting ready 
discard the strike weapon for settling industrial disputes, because 
inhuman and uneconomical, the sooner the better for the good all. 

The engineer great importance because his technical knowledge 
and trained mind. almost greater importance, however, citizen, 
because has been trained accurate thought, his calculations must 
check out, fails. can great value working out some 
these social problems, and can and should counteract the loose thinking 
and talking that more less prevalent, resulting the advocacy legis- 
lative halls, the stump, and parlors, foolish doctrines that never have 
worked and never will. 

The majority people the United States, individuals, are sensible, 
hard-working, and home-loving; collectively, they are sometimes led 
astray through lack accurate information and clear thinking. The World 
War developed spirit extravagance and unrest, and there noisy 
minority doing great deal talking and advocating what, for want 
better names, are known Radicalism, Socialism, Bolshevism, and the use 
remedies that may more harm than good. The engineer, citizen, 
can use his trained mind help prevent the theorists and adventurers from 
leading the country astray that may jump out the “frying-pan” 
admittedly difficult conditions into the “fire” much worse ones. 

The engineer, accustomed basing conclusions accurate facts, can 
help create public opinion: That adequate transportation machine 
necessity; that cannot had without paying for it; that the present rail- 
road system was developed giving the initiative the American man 
some chance work and obtain rewards; and that better results can 
obtained the future that initiative.is allowed once more used with- 
out all the hampering and restrictive laws Nation and States that 
have been put the statute books the last twenty-five years. 

Railroads are common people and property; they are not com- 
mon earriers all the economic troubles the country. These cannot 
cured reducing rates, ruining the railroads, and perhaps forcing Gov- 
ernment ownership which this country opposed. Give brains, courage, 
and management chance once more. ten-year holiday the 
ceaseless investigation the transportation question, and let the undivided 
attention and energy owners, managers, and employees devoted main- 
taining, operating, and perfecting this engine civilization—the wonderful 
railroad system the United States. 

The Society, and its members all over the United States, are powerful 
influence for wise and economical work along technical lines. They are, and 
can be, powerful influence moulding public opinion along sane lines, 
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that the National problems will settled the interest all the people; 
but all hands must work. There old hymn three stanzas, one which 
reads: 

are not here play, dream, drift; 


have hard work do, and loads lift; 
Shun not the struggle—face it, God’s gift.” 


This good doctrine for all these days when the world trying 
adjust itself. 


on 
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RAILROADS AND THEIR EMPLOYEES 


Some the world’s greatest men have been engineers and engineers have 
blazed the way for civilization and progress through the different stages the 
world’s development. The achievements and progress mankind are inter- 
woven with the work civil engineers that may properly said they have 
been the arbiters between nations and subdivisions thereof. 

The subject assigned the speaker could used for indefinite discussion, 
but will advance only few observations the subject the relations 
between the railroads and their transportation employees. These conclusions 
are the result more than years’ observation and several years’ practical 
experience, most which time the speaker has had the pleasure personal 
contact with both railway managements and railway operatives. What said 
will devoid any tinge partisanship and will statement personal 
conviction. 

The relation between employer and employee engaged the transportation 
industry should the most cordial, because reality they are both employees 
this great institution engaged public service. Both should treated 
fairly the public, and impartiality should guide the consideration all 
questions affecting either. 

Disputes between railway managements and the transportation employees 
are largely unnecessary and almost wholly preventable through closer rela- 
tion and more friendly feeling, combined with the exercise calm judgment 
and the use common-sense principles. The greatest menace industrial 
peace the lack proper understanding between employer and employee, 
which, many instances, the result thoughtlessness and carelessness 
and aggravated undue outside interference and improper design. 

Differences often spring from the poisoned well ill-advised propaganda, 
which either devoid all truth inspired the greater menace, half- 
truths. Half-truths are far worse than whole falsehoods. The speaker 
convineed, therefore, that what needed above everything the exact truth 
all instances.. Truth accurately arrived and through the process 
calm, unbiased investigation practical, experienced investigators, and the 
facts thus obtained applied the most practical manner. 

Neither conclusions nor half-hearted investigations im- 
practical unreliable investigators can result other than damage and harm. 
Harm the one must eventually result harm both management and men 
and the end dangerous the industry. Temporary advantages either 
will ultimately result disadvantages all parties interest. Both employer 
and employee, and, fact, the industry itself, have been the victims un- 
justifiable assault many instances the public through the lack proper 
understanding which, turn, was the result partisanship and improper 
publicity. The money spent publicity and the energy expended gain 
temporary advantage should have been used arrive truths and the 
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dissemination facts the instead the ill-advised course pursued 
many instances. unbiased judgment compels the speaker state 
that his observation that the industry all right, the management all 
right, and the employees are all right, permitted follow and 
proper course, and the united efforts all the greatest protection guar- 
anteed the transportation industry. 

Probably one the pastimes most largely indulged the aver- 
age citizen the discussion railroad problems. Bitter partisanships have 
been made, and, most instances these partisans cannot give any logical 
reason for being aligned with either the railroads, the managements the 
men. The reason for this largely due ill-advised publicity the form 
paid advertisements, editorial columns, utterances from the public platform 
intense partisans. most instances, those engaged the dissemination 
this propaganda are wholly uninformed the exact facts, deliberately 
refuse neglect state all the facts. Suppose, for the sake comparison, 
dispute should arise the boundary between two States, which resulted 
intense partisanship, and all kinds propaganda was used the parties 
interest. attention whatsoever would paid any such propaganda: 
unless and until experienced engineers had run the line and passed judgment 
this question, thereby arriving the facts. This has not been the manner 
which railroad questions have been judged, nor has been proposed that 
they dealt with any correct manner. The point that any other dispute 
besides railroad labor dispute and certain other railroad questions, always 
settled experienced and practical men, whereas proposed for the public 
settle these disputes with impractical and inexperienced men. 

After half century agitation, experiment, and countless discussion, 
railroad men find themselves drifting more disturbed and uncharted course 
than any time twenty years, when comes the adjustment railroad 
labor disputes. Strikes and lock-outs, mediation, conciliation, arbitration, 
Courts, boards, and other plans, have been tried, but the present time marks 
very unsettled condition. 

Railroad men have the experience the United States also the benefit 
the expérience almost all civilized countries. This affords opportunity 
for comparison and after doing, voluntary methods have been found the 
most effective and far outweigh those other countries. The most effective 
remedy has been voluntary mediation, conciliation, and arbitration. The Erd- 
man Act and its amended Act, known the Newlands Law, proved far the 
greatest means accommodation any other plan tried the United States 
any other country. This Act was suspended temporarily during the period 
Federal control, and all questions were settled boards wages and boards 
for the adjustment other disputes, bi-partisan character, with the Director 
General Railroads the referee case deadlock. With the termination 
Federal control and the enactment the Transportation Act 1920, the 
United States Railroad Labor Board was created, and provisions were made 
for voluntary bi-partisan adjustment boards, the Labor Board have juris- 
diction over all disputes that were not adjusted other means and act 
referee case deadlock adjustment boards. This method still 
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existence and the speaker does not believe has been sufficiently tried out 
form correct conclusion its effectiveness. has believed, however, 
that tri-partate ultimately successful because the inex- 
perience and lack knowledge the part one-third the membership. 
Furthermore, the element partisanship not eliminated when there any 
possibility having third party whom the responsibility may passed. 

Some countries have tried Industrial Courts, fact, one the States 
now trying out this plan. These did not work satisfactorily any country 
where they were tried, and they have not proved adequate desirable 
method accommodation for disputes involving interstate commerce employees 
the United States. The Kansas Industrial Court did not prevent the out- 
law strike railroad employees 1920, nor did prevent the recent strike 
miners that State. course, few men were sent jail, but this did 
not keep the miners the job, nor can any Act passed this country, 
where free labor guaranteed the Constitution, that will keep individuals 
the job. The Industrial Courts Australia and the Australasian coun- 
tries eventually proved failure. 

The Industrial Disputes Acts Great Britain and Canada have not 
proved effective the adjustment disputes the laws the United 
States. matter fact, the same dispute involving men both the 
American and Canadian sides, accommodation was had under the New- 
lands Act the United States and failure under the Canadian Industrial 
Disputes Act. fact, peace was secured under the American laws and the 
Canadians had strike and industrial war. 

Compulsory arbitration laws have been enacted few countries and they 
have the reason that individual freedom prevents men from being 
compelled work against their will. such law could effectively en- 
the United States, because the greatest freedom accorded the 
individual working man ceasing his employment when pleases. 

Another experience this country the adjustment disputes between the 
railroads and their employees that has proved degree very satisfactory 
through the agency voluntary bi-partisan boards adjustment, which 
employer and employee were equally represented. plan this kind 
was tried for the adjustment disputes between the anthracite coal operators 
and the miners, following the anthracite strike during the Roosevelt Administra- 
tion, and this plan has been effect since that time preserving industrial 
peace this industry. The speaker believes the printers and their employers 
adopted somewhat similar plan which has been effect for number 
years, but each instance, course, referee was selected event failure 

This brings discussion the merits various plans and con- 
clusions how disputes should settled between the railroads and trans- 
portation employees. 

Conciliation.—Conciliation has been valuable getting the parties 
meet and settle their differences conference after one both had refused 
conference declined proceed further with negotiations. This has been 
very helpful and has paved the way for many settlements, either direct 
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negotiations, through mediation arbitration. should encouraged and 
stimulated, for other reason than that results direct conferences 
between the parties and acts stimulant the principle settling differ- 
ences around the conference table home. 

Mediation.—Mediation has been the most potent factor the many prin- 
ciples applied the railroad industry. many instances after conciliation 
had failed, mediation was successful bringing about adjustment the 
dispute the mediators meeting the parties separately collectively and 
aiding them composing their differences. other instances, arbitration 
has resulted from the efforts mediation and proved successful. High- 
class mediators should provided law voluntary arrangement, pre- 
ferably law. 

arbitration has been mutual benefit the 
adjustment controversies the transportation line. each 
instance, these have been voluntary and they should continued and 
only resorted after every attempt conciliation and mediation has failed. 
Both railway managements and employees are committed the principles 
arbitration. the speaker’s opinion, should the least resorted 
any other plan, and when taken advantage of, the rarest care should 
exercised the selection the boards, especially the selection neutral 
members such boards. Arbitration has largely failed fallen into bad 
repute because unwise sélection neutrals and the administration 
arbitration laws rather than any lack merit the principle. Some 
method for the creation voluntary arbitration boards, used when 
desired, should provided. 

Bi-partisan Boards Adjustment.—Bi-partisan boards adjustment for 
transportation employees originated after the passage the Adamson 
Hour Law. was necessary for some one apply the principle the 8-hour 
day the several hundred wage agreements between the railroads and the 
four transportation organizations, and result eight was 
agreed on, consisting railway representative from each the different 
territories and representative from each the four transportation organiza- 
tions. This Commission handled approximately 30000 cases during the year 
was existence, and, fortunately, agreed each case. With the com- 
mencement Federal control, the question arose the handling not 
only 8-hour questions, but all other disputes, including wages, discipline, 
was then arranged appoint board eight members handle all grievance 
matters other than wage disputes for the transportation men, the Director 
General Railroads the referee case deadlock. Afterward, similar 
boards were created handle such matters for other classes employees. 
After the Lane Commission handed down its wage award, was agreed 
appoint committee handle wage questions, with the right recommend 
changes wage rates the Director General Railroads. 

The adjustment board for the transportation employees handled more than 
3000 disputes without deadlock. The other adjustment boards likewise 
did good work. This experience brought the industry the close Federal 
control good shape, and with the benefit most valuable experience. 
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The Transportation Act 1920 then provided for voluntary adjustment 
boards for the adjustment disputes other than wage questions and labor 
board for the adjustment wage disputes and act referee cases 
deadlock adjustment boards. Boards have been recently created for some 
the railroads and the transportation employees and are now functioning. 
These should continued and encouraged. 

desired above everything industrial peace coupled 
with fairness and proper treatment alike the railroads, the management, and 
the employees. The speaker, therefore, would the following: 


effort should exerted through direct conference and meetings 
the employees with their employers effort adjust any controversy 
between the two. 

2.—Agencies provide mediation and conciliation with the right propose 
voluntary arbitration should re-established the earliest possible time, 
and rare judgment should exercised the selection high-class men for 
such positions. 

3.—Regional adjustment boards, bi-partisan character, should estab- 
lished and all railroads and their transportation employees represented thereon, 
which would submitted all disputes that could not adjusted otherwise. 

United States Railroad Labor Board should continued until 
fair trial has been accorded and accurate estimate made its value, 
this Board adjust such wage disputes are not adjusted otherwise and 
act referee case deadlock adjustment boards. 

5.—The practice agitating, either through the public press otherwise, 
questions that are likely disturb the public mind and cause alarm among the 
people regarding railroad questions and railroad labor matters should dis- 
couraged and possible entirely eliminated, and lieu thereof agencies 
established for fair impartial investigation all such questions which 
arrive accurate facts. 

6.—The public, the railroads, the management, and the employees should 
unite campaign education that would restore confidence the in- 
dustry, through the dissemination nothing but facts dealing with 
questions affecting the railroads. 


With these few suggestions, the speaker hopes the future holds store 
unbroken era industrial peace and likewise revival confidence and 
prosperity the railroad industry. With this important industry prosperous, 
all interests must prosper and the railroads are usually one the most ac- 
curate business barometers. hopes, therefore, that the Society will join 
with those the railroad world endeavor restore not only prosperity 
but public confidence this great American institution and that these prob- 
lems will judged from practical, business standpoint and all the theories, 
speculations, and cries the so-called reformers disregarded. 
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RAILROAD TRANSPORTATION 
AND OWNERS RAILROAD SECURITIES 


recent years new element has entered the railroad problem: the 
security owners. The narrowing margin the net operating income the 
railroads, from which interest bonds, dividends stock, and improve- 
ments property must come, occasioned such misgivings that the National 
Association Owners Railroad Securities was formed for the purpose 
protecting their interests. 

The date, September 6th, 1916, when the Adamson Act was unfortunately 
passed avert strike threatened strong combination railroad unions, 
was important milestone the history American railroads. marked 
the beginning the decline the credit the railroads this country and 
evidenced the great political strength the railroad unions, working for the 
first time strong combination. 

From that date, the investing public ceased their former interest in, and 
purchase of, railroad securities. This withdrawal interest and support 
the part the public from the purchase railroad securities, evidenced 
comparison ‘sales before and after 1916. From 1910 1915 the per- 
centage sales railroad bonds the total sale all bonds the New 
York Stock Exchange averaged per cent. 1916 the sales railroad 
bonds declined 73%, and, 1917, 444 per cent. During 1918 and 
1919, the sales declined 11% and 12%, respectively, which low percentage, 
however, was caused the large volume Liberty Bonds sold during these 
years. 1920, the percentage sale railroad bonds all bonds was 203, 
and, 1921, was 31. 

Some well-informed investors commenced even 1916 dispose rail- 
road securities, but institutions such savings banks, insurance companies, 
etc., that held large amounts railroad bonds were not able dispose 
their large holdings without further and more serious disturbance 
values, that to-day probable that the railroad bonds are largely held 
these institutions and trust estates, and, relatively, few individual 
investors. 

The very direct interest these bonds saving bank depositors and in- 
surance policy holders manifest. The savings banks and other banks 
the United States hold about 000 par value railroad bonds and 
there are 000 depositors these banks. The insurance companies hold 
about equal number railroad bonds The policy holders 
number 34000000. all, this represents about 32% the total rail- 
road bonds outstanding. These 44000000 people can wield great political 
power and, the last analysis, control the political situation the railroad 
problem, they can aroused act together through their organization. 


Board Economics and Eng., National Assoc. Owners Railroad 
Securities, New York City. 
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The withdrawal the support the investing public from the railroad 
security investing field between 1916 and the entry the United States into 
the World War would have produced immediate financial crisis, were 
not for the enormous business that came the railroads reason the 
purchase this country munitions war the Allies. Indeed the years 
1915, 1916, and 1917, commonly called the “test period”, were years con- 
siderable prosperity the railroads, due principally stimulation busi- 
ness caused war demands. During these three years, the average net 
return the investment account Class railroads was 4.52%, while the 
net return for the fiscal year 1921, with December estimated, was only 3.28 
per cent. 

The taking over the railroads the Government, war measure, 
December 31st, 1917, the speaker has always personally felt was quite 
unnecessary. They could have functioned well under some temporary 
unified control which readily could have been accomplished through the aid 
the Government. This would have avoided that Government operation 
which has done much destroy operating efficiency and the consequent 
credit the railroads. 

Railroad labor, reason its efficient organization, had placed the 
statute books, beside the Adamson Law, the Full-Crew Laws various States 
and other unnecessary legislation which increased operating expenses with- 
out any compensating advantages the railroads the public. The 
railway executives then (in 1917) formed organization order present 
the public and Congress the point view the management and 
stockholders, well handle negotiations with their labor common 
basis, made necessary the common organization railroad labor. Sep- 
tember, 1917, became necessary for the security owners, largely represented 
bond holdings, form organization that their own voice 
point might heard, and their particular interests owners the primary 
securities presented Congress and the publie. Their Association was 
formed through the personal energies Mr. Davies Warfield, who has 
been its President this day. This organization effect bondholders’ 
protective committee for all the railroad bondholders, acting for all securities, 
and not behalf any group single system. The necessity their action 
due the decreasing margin applicable fixed charges and dividends 
all the carriers. 

‘The interests the Security Owners acting for the bondholders, the rail- 
road executives who operate the properties and represent the stockholders, 
and the general public, are necessarily one. 

The Security Owners Association was mainly, not wholly, responsible 
for the inclusion the Transportation Act 1920 that provision for 
measure rate-making, which, unfortunately, has been called the “guaranty” 
provision. guaranty all. Otherwise, the existing deficit below the 
return would have made from taxation. provides that the 
measure rate-making shall such the aggregate groups will 
yield return the valuation the railroads. This provision 
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expires March 1922, and many efforts have been made remove 
from the Act. These untimely efforts have occasioned much concern the 
investors, because the provision guide “yardstick” for the making 
compensatory rates, heretofore defined under the anomalous words “fair 
return”. These efforts the agricultural and other interests obtain the 
removal this provision increasing the alarm the investor concerning 
railroad securities. The apparent policy the Interstate Commerce Commis- 
sion and some the railroad managers yield this pressure and de- 
crease rates the face the existing low net return adds this alarm. 

After the passage the Transportation Act many influential public in- 
terests the country, and many the railroad managers were hopeful, 
not enthusiastic, that the Transportation Act would stabilize the policy 
regulation enable the railroads rehabilitate their properties and 
restore the operating efficiency lost during Federal control. The business 
depression which hit the railroads during 1920 and 1921 was, course, 
unavoidable. came from world-wide economic causes and to-day much 
liquidation, has taken place. The railroads have had their full share this 
liquidation, have the large industries, but, unfortunately, while liquidation 
wages the broad industrial field has taken place, has not, except 
very small extent, occurred the ranks railroad labor. They are still 
receiving within 10% their peak wages. The lack liquidation the 
ranks railroad labor shown Tables and From Tables and 
comparison indices average compensation railroad employees with cost 
living may made. Table gives comparison railway wages with some 
other wages. 


TABLE ANNUAL CoMPENSATION PER EMPLOYEE PERCENTAGE 


209 
210 
250 
256 
250 


Compiled from Statistics Interstate Commerce Commission. 


The railroad security owners have also taken more than their full share 
liquidation, evidenced the comparison net return the past 
months with the return during the “test period”. The Federal Govern- 
ment and the various political sub-divisions have not assumed their share 
the liquidation, that there reduction the taxation the railroads. 
Indeed, this item has been increased alarmingly. 1912, the total taxes 
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derived from railroad property various governmental agencies, that is, 
Federal, State, and municipal, was $109 500000. 1921, this has increased 
348 per cent. This, however, includes the Federal tax 
transportation amounting about $200000000. The abolition the 
Federal tax transportation 1922 will reduce the amount taxation 
$200 000 000 $300.000 000 annually, dependent the volume busi- 
item, however, represents the amount paid the public the 
railroads, which passed payment the Federal Government. 
interesting comparison this connection that Class railroads paid (in 
addition the transportation tax) 1921 the Federal, State, and other 
governments about $290000000, while the amount they paid dividends 
during 1920 stockholders was $271 000 000, that the owners the rail- 
road properties received less than the Government. 


190 181 
194 176 
161 195 169 
197 168 
202 166 
152 162 
100 100 101 109 131 172 205 
208 162 
199 165 
197 164 
165 182 198 
190 


Compiled from Statistics National Industrial Conference 


Combined crop and 


Year. |Railroad union wages. livestock prices. 


Seventy-two other Farm wages. 


union wages. 


100 100 100 100 
1914 105 102 
109 103 100 
113 107 109 119 
129 114 137 185 
189 133 171 207 
1919 227 155 202 
1920, 272 199 185 
1921 288 192 122 


Industrial News Survey, January 7th, 1922, 


The result all these happenings contained this true but pessimistic 
picture, that the credit the railroads to-day the lowest ebb. Unless 
the railroad problem removed from politics, and economic and liberal 
policy pursued regard the railroads, the result can only financial 
disaster early Government ownership. 

regard Government ownership, the campaign made favor 
the railroad unions support the so-called Plumb Plan, may re- 
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called. This did not receive public support. However, since the passage 
the Transportation Act 1920, the general public has been lulled into security 
and peace respect Government ownership. The undercurrent political 
affairs such that many believe public ownership railroads closer to-day 
than was three years ago. The effective force that worked its behalf 
then, working effectively now, and the meager return the carriers, 
since the passage the Transportation Act, helping the movement along. 
The happenings which the speaker has briefly reviewed and which have made 
for the impairment railroad credit, may summarized follows: 
passage the Full Crew and other unnecessary laws several 
States. 
2.—The refusal the Interstate Commerce Commission increase rates 
1915. 
3.—The passage the Adamson Law. 
inability the railroads since 1916 finance needed improve- 
ments, especially terminals. 
5.—Government operation during the war. 
6.—Increase wages granted the Railroad Labor Board July, 1920, 
retroactive May, 1920. 
agitation abolish the provision the return the 
Transportation Act 1920. 
8.—The decrease many freight rates below those established the Inter- 
state Commerce Commission August, 1920, accordance with the 
Transportation Act. 
9.—The slowness reducing wages, which thus far has only amounted 
approximately per cent. 
10.—The extreme deliberation the part the Administration settling 
the railroad claims for rentals, deferred upkeep, etc. 


The failure adjust wages the decreased cost labor, and main- 
tain the freight rates the tariffs adopted the Interstate Commerce 
Commission, August, 1920, particularly, shown the operating results 
the carriers for the calendar year 1921. With December estimated, the net 
operating income Class carriers was about return 
3.28% their tentative valuation. They failed about $505 000 000 earn 
the return contemplated the Transportation Act, under the freight 
tariffs made thereunder. 

Furthermore, this small return was the expense maintenance 
way and equipment, and inflated the extent that the railroads failed 
expend normal maintenance amount. The speaker estimates that about 
$400 000 000 (or 20%) more should have been spent 1921 have properly 
maintained the railroad plant. Had this been done, the return would have been 
2.15% less, leaving net return slightly over per cent. Therefore, this the 
figure the readers are asked carry their minds. 

These results are reflection the excellent management the in- 
dividual railroads. Maintenance expenses were necessarily cut the bone 
the attempt provide available funds meet interest requirements. The 
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excellence the management the railroad executives their properties 
amply shown the fact that they have thus far avoided receivership. 

would not become engineer paint gloomy picture dark clouds 
without the touches silver lining. Indeed, his duty the public 
suggest remedies for economic disturbances. has been taught contact 
with Nature constructive, not destructive. the speaker boldly sug- 
gests these remedies for the railroad problem: 


A.—Discontinue any further general reduction freight rates. 

railway labor wages conform the cost living. 

the Railroad Labor Board the Interstate Commerce 
Commission, 

D.—Continue the return measure rate-making after March 
Ist, 1922. 


Second.— 


A.—Employees any transportation public utility should pro- 
hibited statute from striking. 

incorporation all labor unions, the members which are 
engaged the transportation any vital necessity the public, 
should insisted and should required file full financial 
reports with the Secretary Labor. should further required 
that all ballots secret ballots and counted under the supervision 
representative the Department Labor. 


Other measures are necessary the rehabilitation the railroads, but 
account the complications and magnitude some them, steps leading 
their accomplishment must taken with more deliberation than any 
those just stated. Their adoption, the speaker certain, will appeal the 
professional mind, which also will recognize their economical possibilities. 
These economies, when proved effective, can then passed the public 
the shape reduced rates, and the speaker’s judgment, until these econ- 
omies are effected, the rates cannot be-safely reduced with the present busi- 
ness, and with the present outlook for business the immediate future. 

these measures the speaker refers first, the consolidation rail- 
roads, respect which has many personal doubts. However, political 
conditions have become such, and the public demand for consolidation 
strong, that appears likely that the railroads the country must con- 
solidated into comparatively few systems, somewhat suggested the 
Chairman the Senate Committee Interstate Commerce, Senator Cum- 
mins Iowa. consolidations are based sound financial and operating 
structure, they will automatically cause the unification the larger terminals. 

The second measure the terminals. The co-ordinating unification 
the larger terminals and their operation under single management will 
undoubtedly reduce the capital used therein, well save duplication 
operation. Store door collection and delivery some cities, like New York 
and Chicago, will make for savings trucking costs. 
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Third and last the standardization the freight equipment all the 
railroads and centrally controlled car-pool. 

The speaker strongly the conviction that these three suggestions, 
they can carried out, will effect enormous savings the general operating 
account, which, when passed the public the shape freight rates, 
will more than satisfy even the most critical shipper. 

closing, the speaker sure that expresses the sentiments the 
President, and Board Directors the National Association Owners 
Railroad Securities, when states that their endeavor save the credit 
the railroads, avoid Government ownership, and assist wherever may 
lie their power, those able servants the public, the railroad executives, 
and this opportunity taken state that hoped its Committee 
suggest the inclusion the financial means their accomplishment. 

The Security Owners -Association has asked Congress incorporate the 
National Railway Service Corporation, which thus chartered will en- 
abled, with the assistance the large security owners the railroads com- 
prised its membership, finance the unification terminals, the furnish- 
ing freight equipment, and suggest method car-pooling, all which 
may done without profit and with great saving the railroads. 
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one the fundamental considerations business the present time. 
Although the writer convinced that technically proven that most 
rates to-day are not the primary cause low prices depressions, con- 
nevertheless, that there insistent public demand that rates shall 
reduced. this demand not met reduction based intelligent 
and economic lines, then there danger that the public will insist 
reduction anyway. reduction should made unless reason 
reduced operating costs. The railroads to-day are not economically operated, 
compared with other industries. There still extravagance and waste, 
largely having several men the work one man could do, and paying 
for work not actually performed—all the result regulations governing 
working conditions inherited from the Federal Administration. The interests 
the people demand that railroads operated nearly possible 
business basis efficiency and economy, and that the resulting savings 
translated the public reduced rates. 

The sentiment the public to-day overwhelmingly against Government 
ownership railroads. The writer has recently taken poll this subject 
from about 500 salesmen, whose reports the past such matters have been 
proven practically 100% accurate. The reports show that the only sentiment 
favoring Government ownership among railroad employees and organized 
labor, and among those who believe Socialism. few scattering reports 
indicate that some farmers are almost willing try Government ownership 
means lowering rates farm products. almost all sections, how- 
ever, there remains recollection Government operation and almost uni- 
versally the sentiment “never again!” 

Farmers generally are getting much less for their products than 
what they are entitled to, proportion what they have pay for other 
things, that they are inclined listen the demagogue who tries fasten 
the blame high freight rates. Farmers generally recognize, however, the 
necessity for the Federal regulation car supply and adequate service carry 
their products market, when there market. Many them, however, 
not recognize that the chief trouble with the price American farm- 
products lies Europe and other foreign countries, and that the freight rate 
has little any influence the quantity cotton, wheat, and hogs that are 
exported. The lack market rather than the transportation charge the 
fundamental reason for the low price farm products. 

railroad rates can reduced soon, with corresponding reduction 
operating costs, will more start the wheel prosperity throughout 
the country than any other one thing. The repeal the Adamson Law and 
the readjustment railroad labor costs, together with fair day’s work for 


Vice-Pres., and Gen. Mgr., Simmons Hardware Co., St. Louis, Mo. 
Received the Secretary, January 21st, 1922. 
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fair day’s pay”, coupled with definite refunding the interna- 
tional loans, will start things going briskly. 

Whether realized not, the people are drifting rapidly toward 
Government ownership, and although the Nation plainly rejected the Plumb 
Plan and the vast majority the people are against it, may adopted, 
unless the credit the railroads protected and any shortsighted action 


prevented which would effect produce Government ownership and operation 
the railroads. 
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recent study the State highways California made the United 
States Bureau Public Roads, discloses the average week-day traffic units 
divided the ratio 97.8% motor-driven and 2.7% horse-drawn. This 
result quoted indicate the degree which, rural pavement mileage 
completed the principal traffic lines the State, highway transportation 
measured terms the motor-driven vehicle. adequate background, 
therefore, against which project the discussions highway transportation, 
furnished brief résumé the growth the number the major 
traffic units, motor vehicles, and the development the roadways over which 
operate these units. The proper combination these two provides highway 
transportation, physical sense, characterized the ease and speed with 
which may expanded and the flexibility with which may adapted 
wide range utility. 

This Society doing real service directing public attention, not 
the component parts highway transportation, but rather the product 
itself. Table comparative statement covering the eleven-year period, 


1910 1921, which indicates the relative development these component 
parts. 


Totals 


Maintenance fund 


Construction fund 


evident that highway development has lagged far behind the develop- 
ment motor vehicles. This may visualized strikingly comparison 
the relative automobile registration and highway expenditures years. The 
conclusions reached are: 

the period, 1920-21, the potential number motor vehicles 
demanding highway service increased more than while actual expendi- 
tures for highways increased about 400 per cent. 

2.—During the period, 1910-18, motor vehicles increased more than 100%, 
and highway expenditures about 140 per cent. 


TABLE 
1910. 1921. 
501 000 750 000 
180 000 000 
420 000 000 
Totals 600 000 000 
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the period, 1918-21, motor vehicles increased about 700% and 
highway expenditures about 260% the 1910 figures, 


fact, was not until the Federal Aid Act 1916 that the public 
whole undertook support the building highways adequate scale 
compared with the already existing users the highways. 

Since 1918 large annual program highway improvement has been 
carried on, and there now the assurance systematized development, 
beginning with the more important roads connected into State and inter- 
State network, including not more than the total road mileage within 
each State. The total length this proposed program will undoubtedly 
exceed 150000 miles. The total mileage undertaken the joint co-operation 
the States and the Federal Government, December 31st, 1921, had reached 
500 miles, including all projects from those the initial stage only, 
those fully completed. This the cumulative program Federal Aid high- 
ways for the five-year period just ended, which includes the period the 
World War. the past six months, 7533 miles the various types have 
been completed. The estimated expenditure for 1921 $600000000 was 
derived from the following sources: 


State taxes and appropriations 
County, township, and district taxes, appropriations, 


This total expenditure was divided, approximately, con- 
struction and maintenance. More than 50% the construc- 
tion program was carried under Federal Aid projects, bringing the control 
under both the State and the Federal highway departments, and, addition, 
considerable part the remaining construction fund was handled under 
the direct supervision the State, thus bringing probably about 80% the 
total construction expenditure under the engineering control centralized 
departments. This contrasted with 27% the total expenditure 1916, 
which was under the control the State highway departments. the 
years prior 1916, gain about per year, securing control the 
highway funds, was made the State highway departments. Since 1916, 
the increase alone has amounted more than 50% the total expenditures. 
The Massachusetts Highway Department, 1893, was the first highway 
organization engage administrative and engineering control the 
design, construction, and expenditures made the State for building high- 
ways. When the Federal Aid Act 1916 was passed, about thirty-two the 
States had established highway departments, having varying degrees control 
and varying amounts highway funds with which work. 1916 and 
1917, however, response the demands the Federal Aid Act, seventeen 
new departments were established and many others were strengthened and 
given larger funds. consequence, all the States are now carrying 
their major work under the direct supervision State highway departments, 
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and the supervision the Federal Bureau Public Roads extends detail 
all Federal Aid roads. 

The typical State highway department organized two major divisions: 
Administrative and engineering. Quite generally the administrative heads 
are commissions, which the members serve only part time and are responsible 
for the major policies only. This leaves the entire executive and engineering 
control the engineering staff, under chief engineer commissioner. 
Thus, the highway engineering organizations have been developed with definite 
administrative functions well construction and maintenance. the 
average department the engineering organization engaged the actual 
building highways, divided into sections design, construction, and 
tests. the order their authority, the chief engineer, district division 
engineer, resident engineer, and inspector. estimate the number 
engineers employed the State highway departments 1919 totaled approxi- 
mately 10000. The construction program has practically doubled since then, 
but the number engineers has not increased the same proportion. 
these men depends the character the construction which goes into the 
highways. 

Inspection broadly interpreted the engineering control that must 
exercised over the construction program insure first-class results. The 
building roads must considered manufacturing process, undertaken 
where the roads are built, not where this manufacturing process can 
most advantageously performed. The wide distribution the contracts 
undertaken annually within the average State, and the conditions under which 
the work carried on, demands the highest type engineers. The closest 
estimates that could made 1919, indicated that not less than 1000 
1200 new engineers would required the highway work each year. These 
men must furnished the engineering schools, and although there 
lack employment present, for engineers, generally, with the opening the 
construction season, the road-building industry will able absorb and will 
need more than are available those fitted assist producing the character 
roads needed. indicative the training men needed for the highway 
program, and the character instruction which should received the 
colleges and universities, the following are suggestions: 


relations: The ideals public service; proper contacts with 
the public; and proper relations with the contractor. 

2.—Management: and national; layout plans; material 
supplies; transportation; estimates; contractors’ obligations; and engineering 
and administrative reports. 

8.—Construction proper: and relative values; 
specification interpretations; and workmanship. 

4.—Materials: Interpretation laboratory tests; field tests; and soils. 

management during construction. 

6.—Relative values: Economics highway transportation. 


These suggestions are not interpreted advocating the adoption 
college and university courses superficial specialized instruction, but the 
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curricula the average engineering course should and can revised and 
broadened give thorough training some the broad fundamentals 
science, English, economics, and ideals public service, addition sound 
courses offered the Junior and Senior years, which will fit men enter 
highway work much better prepared than they are present. This responsi- 
bility, however, should not fall the schools alone. The highway depart- 
ments—State and Federal—must assume responsibility for bringing the 
assistance those charge engineering courses, contacts and opportunities 
which those interested may avail themselves and thus obtain correlation 
theory and the practical application before graduation. The development 
the short course for those already engaged highway building, and the 
graduate courses for research special fields, are both great importance 
the advancement engineering training and knowledge seriously needed 
the highway field to-day. The close correlation and co-operation the 
highway departments with the educational institutions greatly needed 
the public well served. 
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THE INSPECTION HIGHWAY CONSTRUCTION 


Considering the importance the duties and position the inspector 
the general scheme highway improvement, there singular lack infor- 
mation, attempt analysis the reasons, for his existence. Few, any, 
the highway textbooks refer the inspection materials workmanship, 
although they elaborately set forth the other factors deemed important 
the proper conduct any highway project, both regards the quality 
the materials and workmanship and the manner their combining secure 
the desired result. 


The “Definition Terms” found most State highway specifications 
defines “Inspector” follows: 


representative the Engineer authorized make all necessary inspec- 
tions work performed and materials furnished under this contract. Such 


inspection may extend all any part the work and the preparation 
manufacture the materials used.” 


Further, “Duties Inspector” are outlined follows: 


“The Inspector authorized inspect all work performed and materials 
furnished. shall report the Engineer the manner which the work 
being executed and the quantity and quality materials received and used 
therein. shall inspect all materials received and, when there any 
doubt regarding the quality the same, notify the contractor this effect. 
materials shall used until approved him. When discovers that 
any work performed, material furnished, defective, does not comply 
with the requirements these specifications, shall notify the contractor 
and the Engineer this effect. case any difference opinion arising 
between the contractor and the Inspector the materials furnished, the 
manner performing the work, the Inspector shall have the authority reject 
the materials and suspend the work until the question issue can referred 
and decided the Engineer. 

“The Inspector, however, does not have the authority increase decrease 
the quantity work performed, change the location, alignment, grade 
any the items the work, issue instructions that are contrary the 
plans and specifications, accept any material work that does not comply 
every respect with the requirements these specifications. The Inspector 
shall case act foreman nor perform other duties for the contractor, 
nor interfere with the management the work the latter.” 


addition these duties, many departments require inspectors sign 
monthly estimates and the final statement cost, without which the contractor 
cannot receive payment the completion any project. 

From the preceding, one might deduce that the inspector has almost plenary 
power, yet, actual practice, his power and authority are circumscribed 
and limited that, many occasions, even the most intelligent men are 
loss the proper course, and find themselves more less nuisance 
the eyes the contractor; something endured possibly, and cajoled 
but never, rarely, taken seriously. That this attitude the part 
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the contractor exists hundreds instances, one familiar with the 
conduct highway work to-day will deny. 

what this state affairs due? Wherein lies its claim the interest 
and attention this Society, and what the remedy? 

due various causes, many which have their origin the 
beginning public works activities, and curious commentary the 
frailty human intentions, particularly applied the conduct public 
improvements. One might reasonably expect that, given clear plan the 
work performed, clear statement the quality and quantity mate- 
rials used, and clear statement the manner their combining and 
use effect completed structure, the contractor could, and should, without 
inspection, deliver completed structure complying with the requirements 
given him. 

such method were ever tried, evidently failed meet expectations, 
and there resulted the appointment inspector, whose function was more 
that policeman detective than interpreter the specification 
requirements. Thereafter, public works increased extent, the power 
appointment the position inspector frequently became political asset. 
was placed the work ostensibly protect the public interest; actually, 
many instances, became the medium through which unscrupulous public 
officials and contractors mulcted the public treasury. 

Even this day, instances are not wanting where shoemakers, 
keepers, and others, having knowledge of, experience in, construction 
work, are placed inspectors satisfy political debts build and 
perpetuate political machine. 

Other causes, such low pay, uncertain tenure office, lack oppor- 
tunities for advancement, and the necessity moving from place place, 
have contributed the existing lack able, experienced inspectors, which, 
turn, gives rise the lack mutual respect and harmony, too frequently 
found exist between the contractor and inspector; although must 
admitted that conditions this respect are far better than they were few 
years ago, and there notable trend toward further improvement. 

Therein lies opportunity for the Society, collectively and through the 
efforts its individual members, render signal service the country 
the appointment committee investigate this subject thoroughly all 
its phases, and prepare and submit report, recommending course 
procedure for the inspection public works contracts, which, perhaps, would 
modification the present most advanced procedure, with improvements, 
but which should drawn eliminate, from future practice, the 
uncertain status the inspector. 

The Society vitally interested this subject, because, increasing 
extent, the men who are its future members, get their first practical 
experience, after graduation, inspectors. Obviously, they can have had but 
little experience knowledge fit them for the position, with its inevitable 
contacts and influences. 

submitted that the preparation papers and discussion the abstract 
matters bear particularly the relation the engineer 
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works will avail very little unless they are considered problems acted 
on; and the prestige the Society any its members are only hollow 
triumphs they are not used and exerted for the common welfare every 
possible point contact. 

To-day there not, nor will there for many years, any other public 
activity which engineers are interested, which compares extent and 
moneys involved with the highway and street paving movement. Neither 
there any other public activity which the destructive deteriorative 
agencies follow closely the attempts the engineer build against 
them, the case the highways and the heavily loaded, high-speed vehicles 
which use these highways and streets. 

Research and testing are disclosing much, but the art highway building 
has long way before even the best specifications and the strictest observ- 
ance their requirements will deliver the road, proof against the assaults 
the trucks. not, then, paramount importance that the most rigid 
compliance secured with the specifications, requirements which present 
limited knowledge enables engineers prepare; and way can this com- 
pliance insured, except through the inspector who the point direct 
contact between the chief engineer and the contractor, and who directly 
responsible, from the public viewpoint, for the integrity the finished product. 

The Panama Canal was the largest public enterprise prior 1916. The 
Government was ten years finishing it, cost $350000000 
$375 000 000. the present rate, 000 000 000 000 000 000 will spent 
during the next ten years for highway and street construction and paving, 
and highway bridges; and the plans, specifications, materials, etc., are more 
less fixed quantities, the unknown quantity the inspector, since he, 
primarily, responsible. 

This does not assume that all contractors are dishonest, per se, indif- 
ferent. Most contractors are honest and have fine pride their work, but 
the great amounts money spent, attracts, along with the honest men, 
others whom this work looks like “easy money”. 


citizens, engineers should endeavor their several communities 
eliminate that curse public works, political appointment, made without 
regard ability, fitness, integrity. 

Second.—Through its members who are highway engineers, who are 
engaged highway work, the Society should exert the utmost influence against 
the appointment inspectors, except for ability, and training, example, and 
precept, should raise the standards and ideals their men. Some highway 
departments now have winter schools for their men, which are attended 
inspectors during the slack season for one two weeks, while under pay. 
These are good, and their establishment should encouraged. 

should made for the retention inspectors full 
pay through the slack months. they are worth having during the construc- 
tion season, they are worth keeping and paying through the winter. Much 
more eventually lost the public engaging new, untried men every 
spring, than paying efficient corps for three four months the winter, 
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and acquainting with the results research and knowledge gained during 
the year. 

importance the inspector’s position should generally 
recognized; and his compensation and employment made attractive 
possible. 

the existence and maintenance corps trained, 
capable engineering inspectors, the status and authority the inspector’s 
position should more clearly defined, and instead limiting his authority, 
should extended permit his making prompt decisions the ground, 
thus eliminating the delay and financial loss the contractor, which now 
frequently results when the engineer unable reach the job for several hours 
after any dispute arises. 

should generally recognized that material producers fre- 
quently ship materials which not comply with the specifications, thus caus- 
ing delay and conflict between the contractor and the construction inspector. 
Differences between contractor and job inspector, and consequent delay and 
antagonism due this cause, can eliminated entirely placing competent 
inspectors points production inspect and approve all ship- 
ments before they are billed. This method, consistently followed, will 
eliminate one fruitful cause conflict. 

Seventh—Many the highway inspectors to-day are engineering grad- 
uates, and, such, are potential members the Society. 

The matter the appointment committee investigate and report 
the subject highway inspection might well considered and attempt 
made raise the standards inspection, with its incidental benefit future 
members and the highway program the Nation. 
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FINANCING AND BONDING: HIGHWAYS 


Vital transportation has been the development every nation, 
has reached its highest place importance the development the United 
States. 

Transportation has followed along many paths development, and would 
seem out all the experiences the transition from the Pilgrim methods 
intercommunication the present types, something should have been 
learned the relation which each period should bear the other. This 
peculiarly true the problem the wisest method adopted 
undertaking the development the new form transportation now calls 
for consideration, but perhaps with phase such development have the 
American people been willing profit less past experience than this 
particular problem wise financial handling the present-day situation. 

The earliest transportation systems Massachusetts, which may perhaps 
properly called the virgin soil America, required little capital outlay 
with such development work was undertaken. When the first highways 
were undertaken, the private owner cut the trail and built the ford which 
afterward was replaced the bridge over which alone with his asso- 
ciates, for long time, exacted toll—all again without any reference the 
problem how the developed system transportation should bear the 
general community. 

The more intensively developed agencies for transportation that have fol- 
lowed from that day until years ago, gave hardly less heed the 
future than these earliest agents, because the constantly developing new terri- 
tory, and the rapid unfolding the broader field served, afforded what 
appeared that time unlimited opportunity for issuing securities 
money invested and against labor performed, sometimes real and too often 
imaginary, which dividends interest charges could easily placed and 
with little difficulty paid under real assumed earning, but too often 
produced out new 

Then came the stock taking. The public longer absorbed new securities 
for railroads, undertook development street railway lines having inception 
only the fertile brain the agile promoter. The development the auto- 
mobile caused the student transportation securities become seriously 
concerned over not only the problem then existed, but the future condi- 
tions that should control the work placing the greatest factor National 
civilization—its transportation interests—on firm and substantial ground. 

From that time until the present, transportation facilities have been 
chaotic state which has been made more the demand for improved high- 
ways. The motor vehicle return individual service, and because 
individual service the popular service. 

long highways were called upon bear small load, hardly ever 
exceeding ton, and slow speed, with freight almost negligible quantity, 
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the problem constructing surface that would fairly well carry the load 
was not difficult. Also, long the general was satisfied that, the 
spring, the coming out the frost might leave highway unfit for travel, 
was still less difficult. 

The motor vehicle has changed all this, and pages might written tell 
how has been changed, without having anything presented more effective 
than call attention result the traffic census Massachusetts, 
which has been taken biennially for many years. Selecting the same forty-four 
stations for traffic census show the movement and the development 
freight per hour during the last twelve years, the figures Table are given. 


TABLE 1.—Trarric WEIGHT, Tons PER 


Year. Horse. Automobiles. Auto trucks. Total. 
1909 200 160 360 
1915, 140 840 180 1140 
1921 500 260 530 


Could any statement present more clearly the changed conditions under 
which highways must constructed care for the modern demands for motor 
transportation, unless present further statement show the tremendous 
increase in. the public dependency motor transportation, given the 
registration figures motor vehicles Massachusetts for use January Ist, 
1922, compared with January Massachusetts compels every 
motorist who wishes operate his vehicle January registered 
and carry his new number plates that day. This rule has been strictly 
enforced for three years. Acting under it, there were registered for use 
January 1921, less than 80000 vehicles, and January 1922, there 
were more than 140000 vehicles. 1921, before the close the year, the 
000 vehicles Massachusetts had increased number 350000. 1922 
estimated that the 350000 1921 will have reached 420000, natural 
increase 20% for the year, but the figures for January 1st show increase 
almost 100% dependency the motor vehicle for every day service. 
This enormous growth the motor vehicle duplicated every section 
the United States. the part owners and operators there strong 
feeling that already motorists are contributing their full share the problem 
building and maintaining the ways which they must operate give their 
full measure service, but the figures show that their job. 

The nation becomes each day more dependent this particular type 
transportation. The construction modern highways to-day failing 
keep pace with the demands. The competition between communities more 
than community pride; many cases, struggle for the existence 
the community now entirely dependent motor transportation. The speaker 
could cite after case Massachusetts where the only way out for resident 
and business that provided the modern highway and the motor vehicle. 
meet this situation the task. How pay the bill the problem. 
problem that cannot freed from its relation the cost all previous 
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systems which there has been capital outlay and vitally related the 
cost all future systems. 

problem that cannot freed its consideration from the cost 
previous systems, requires careful study from the standpoint how much 
destruction previous capital outlay justified connection with expen- 
diture for this new system. 

Duplication service always uneconomic. The substitution more 
efficient form service for one that has become inefficient, always wise. 

not new for the development one type transportation destroy 
the investment another. example fixing railroad rates that long 
established and efficient waterway transportation has been eliminated, even 
though naturally better service and more economically conducted, should 
lead slowly allowing this new system motor transportation 
bring about the same result connection with either the developed waterway 
service the long established railroad service, for with both these systems 
must wisely co-ordinated. 

Much more important, however, than this phase the situation the 
enormous dependence that National life and world life must continue place 
upon railroad service. sound burden for the public carry frequently calls 
for continuing several types transportation full service secured, 
and the need destroying old capital investment the expense the public 
must recognized condition that must frequently faced changing 
from the old, unsatisfactory and uneconomic service the modern system 
motor operation. this means double burden, frequently spells 
complete service. 

This brings the second fundamental problem relation the cost and 
how that cost should borne connection with future system. clear 
that if, the outset, the public pays direct charge for motor transpor- 
tation and indirect burden which abandoned system still places 
the public, because bonds have not been paid and because investment still 
there, the original load has practically been doubled. 

Another phase the future, that must never lost sight of, the constant 
increasing cost placed upon the public large, for investigation, study, and 
research for new system yet unknown but sure come, for “the old order 
constantly changeth”. 

Practically every highway the United States existence fifteen years 
ago made possession the people value impossible compute. 
Massachusetts the 23000 miles highway represent property investment 
exceeding $20 000 000 value. This came the people 1905 unincumbered, 
capable further development, ready for such improvement has since taken 
place. the needs for better roads the nation has spent that 
period, not less than per year, and encourage the 
development system through routes has undertaken program bond 
issues that represent total debt to-day excess More than 
that sum has been placed cities and towns pay, and all will come due 
from years hence, with more and more added every year. 
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Issues are for periods ranging from years. 
Amount issue under years, $114 790 000. 


Unconstitu- 
State. Date issue. tional 
deferred. 

$25 000 000 $25 000 000 

000 000 000 000 

1907-13 000 000 

000 000 000 000 
000 
1918 000 000 
100 000 000 
1912-19 000 000 
1908-20 470 000 
Massachusetts* 1894-1917 050 000 
1920 000 000 
Missouri.... 1920 000 000 
Nevada... 1919 000 
New Hampshire 1909-13 300 000 

New Jersey .......... 000 000 (for tunnel) 

New York...... 1906-12 100 000 000 
North Carolina........... 1921 000 000 
1918 000 000 
Rhode Island.. 1907-20 800 000 
South Dakota 1919 000 000 
Utah... 1911-21 260 000 
Washington 1911-20 190 000 
West Virginia 1920 000 000 

086 875 500t $370 000 000 


bonds have been issued for highway construction Massachusetts since 1917, and 
all bonds issued since 1913 have been for the layout and development roads the sparsely 
settled sections the State, bring outlying towns into touch with the larger communities. 
There outstanding the present time little less than 000 000. 


Entire issue for construction, with the exception $100 000 000 Western States, 
which covers construction and maintenance. these bonds, $417500000 was issued 
1919, 1920, and 1921. 


From Table will noted that hardly State the Union free from 
this system relying future generations pay for present 
Each year will add this enormous total, and unless the compels itself 
appreciate the seriousness this load, and unless there determination 
the part each community pay the bills the present out the revenue 
the present, serious times are ahead. must recognized: 

(a).—That there such thing yet discovered permanent highway. 

each generation brings forth new peculiar problems and opera- 
tions. 

demand any community 1922 any less than that 
1921, even though the demand seemed answered 1921. 


Many the bonds issued the States represent burdens not relieved 
for years. Not highway the United States completed to-day and paid 


4 
} 
t 
t K 
j 
4 
| 


330 HIGHWAY TRANSPORTATION 


for out such bond issue will existence that time. New lines 
travel will then established. Enormously increasing demands will have been 
created. Different types service will seen from every angle. The vision 
the human mind unable furnish anything permanent enough stand 
the test 40-year period. 

The speaker may well take pride the position that Massachusetts holds 
to-day connection with this problem. She was the first State begin the 
development the improved highway. Like most States that have followed, 
she yielded the pressure for expenditure more money than any single 
year could provide. Little little the amount grew until large sum had 
been placed against the credit the State for this improvement. 

1917 the end came. Since that day bonds have been issued and 
during the period between 1896 and the present, the bonds have been retired 
leaving the Commonwealth Massachusetts little less than 
debt for this type public improvement. 

Not only has the State gone “pay-as-you-go” policy for itself, but 
statute has made impossible for any city town borrow for more than 
five years, money for highway improvements, and for this five-year period 
money can borrowed unless specifications for highway construction con- 
form the standard fixed and the State Department Public 
Works. 

The situation largely due the increased revenue coming Massa- 
chusetts has practically every State the Union, from the registration 
motor vehicles. 

has been recognized and firmly believed that the motor vehicle has 
created the problem and the motor vehicle should pay the bill. The figures 
given Table relative the movement freight forty-four different 
points the same day three different years, clearly demonstrate that the 
burden placed the highway insignificant far every other form 
vehicle concerned, except the motor vehicle. For motorists refuse pay, 
is, from Governmental standpoint, unsound, and from the standpoint the 
motor industry, most unwise. Again, the speaker would state that the financing 
the modern highway the motorist’s job, done to-day for to-day. 

The enormous problem rebuilding and making available nearly 200 000 
miles important highway the United States, has hardly begun. The 
billions dollars that would necessary realize that dream must pro- 
vided, but should expended only they are available from year year. 

The American people can longer afford fool themselves the belief 
that they are building for the future when they are building modern highways. 
The problem to-day for to-day’s solution. line public work 
that more evident than the construction the service which the highway 
must render this newest type transportation created the development 
the motor vehicle. 
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HIGHWAY BONDING FROM THE VIEWPOINT THE 
SURETY COMPANY* 


Surety companies are looking forward large volume this business. 
Many the States have extensive programs, with the money available 
prospect. The National Government has appropriated $75 000 000, which will 
used jointly with equal amount appropriated the several States. 
There should enormous increase highway contract bond business dur- 
ing the next few years. 

These contracts are really financial guarantees: First, that the contract 
will performed; and, second, that all claims connection with will 
paid. 

Surety bonds should issued only specially selected applicants. There 
involved: First, the adequacy price; second, ability the work; third, 
reasonable and practical specifications; fourth, fair supervision; fifth, financial 
responsibility the contractor; and, sixth, moral honesty. 

Specifications should prepared free ambiguities that every condi- 
tion will readily understood. The contractor has voice whatever the 
specifications—the engineer made the sole judge their meaning. Any- 
thing misleading, therefore, should avoided. 

The contractor takes practically all the risk unforeseen conditions, un- 
foreseen physical hazards—the risk strikes and increased wages, securing 
the necessary materials and paying increased prices for them, and over- 
coming all conditions—he must the work! 

The highway department, the performance its duty, wants the work 
done low price possible, consistent with good workmanship and ma- 
terial. The contractors submit their bids competition, some with the one 
thought mind, namely, close and get the job; others 
high, with the chance, perhaps, that their bid might low accident, and 
this sometimes happens. Although the average bid probably represents the 
fair price for given job, not the average bidder who gets the work, 
but the lowest bidder. Not infrequently the opening bids surety com- 
pany will find itself the bond bidder whose figures are much lower 
than the average that other company will accept any part the risk re- 
insurance. This causes considerable uneasiness, particularly under- 
writing point were strained when the bid bond was authorized. 

Barring the rare cases where dishonest contractor robs the job and ab- 
sconds uses the money for some outside venture, the safety the surety 
company purely question whether the contractor can complete his 
contract and pay his bills, whether can within the contract price, and 
not, whether his own resources will hold out. 

The surety company interested seeing that the contractor gets fair 
contract, that the specifications are just and reasonable, that the price fair, 


the absence Mr. St. John, this paper was presented the Hon. Francis Hugo, 
Watertown, 


Vice-Pres., National Surety Co., New York City. 
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that given decent and fair supervision the engineer, and that 
gets fair treatment the interpretation the specifications. 

Contracting hazardous business; therefore, efficiency imperative. 
Good management wins; the skill calculate the cost job accurately, the 
foresight make contracts for materials with responsible concerns, and the 
ability buy the lowest prices. 

Contractors and, indeed, engineers sometimes feel that the surety com- 
panies not give enough weight experience and ability, but rely too ex- 
clusively the contractor’s financial statement. The basis for underwriting 
this: Give clean record contractor who has requisite ability, the neces- 
sary plant, organization, and equipment. With extraordinary variance 
the bids, must also have margin available cash, equivalent, not 
only finish the work, but take care the ever-present danger loss 
from unforeseen contingencies. This margin about 10% simple non- 
hazardous contracts, and goes 20% the extra-hazardous classes work. 
This the requirement when conditions are favorable. the bids are out 
line, money must expended for plant, the contractor without 
particular experience this line, has record for efficiency the 
handling his work, higher ratio financial resources required. 

The underwriting the particularly large volume highway business 
prospect not free from difficulty some contractors and underwriters 
are prone think. Contractors, hungry for work, are close, ap- 
parently anticipating still lower labor and material prices, willing 
take small margin profit keep their organization employed. This 
dangerous, not only for the contractors, but for the surety companies well, 
because when this tremendous program gets under way, there likely 
reaction upward prices for both labor and materials; such reaction would 
accord with normal economic experience. There is, course, likelihood 
repeating the great crisis reached during the 1917-19 period, but there 
likely least enough reaction wipe out the small margin profit that 
some contractors are now calculating. This would reduce tremendously the 
margin safety for the surety. luck goes little against the close 
who went after the contract get order keep his organization em- 
ployed, may have hard time make both ends meet, and things 
badly against him, the surety company may have complete the job and pay 
the bills. 

particularly hazardous feature when maintenance guarantees are re- 
quired, for that case the continued financial responsibility the con- 
tractor involved, well his knowledge the various kinds surface 
pavements, and their suitability climate and traffic. 

feature greater importance than that availability the con- 
tract price the earned retained percentage security for the surety where 
compelled pay material claims incurred the contractor, and this 
involves the financial relations the contractor the banks and money 
lenders. Where the contractor, order borrow money, assigns the esti- 
and retained percentages the lender, has been held some States 


Papers. HIGHWAY TRANSPORTATION 333 


that the latter take these moneys preference the surety company that 
pays the material claims. 

The contracting business inherently hazardous. Some the ablest men 
engaged the business, after making big successes, have failed. The president 
one the prominent surety companies reported have said that few 
contractors contracting firms have record more than twenty years—most 
them fail within that time. 

takes nothing out his surplus, except the premium, enables him recover 
his “good faith” check, which accompanied his bid, and places him posi- 
tion where can avail himself all his assets and resources the per- 
formance his contract. 

compared with any other known practical method, economical 
furnish surety company bond. The alternative New York State 
higher percentage retention, and, also, the retention the check deposited 
with the bid, until 15% the contract performed. Should 15% the 
contract not performed, the check forfeited liquidated damages. With- 
out bond, the increased percentage retention applied contract 
$100 000 works out about follows: Assume for the purpose discussion 
that contract performed four equally productive months; the 
$25 000 worth work performed, the contractor would receive the end 
the first month $20 000, and about this time his 000 bidder’s check 
the contract price) would returned. the time the payment the 
first estimate, therefore, the contractor would deprived the use his 
000 deposited with his bid, which would not the case had given 
bond. addition the thus held, there would deducted 
from the first estimate, that the 000 were not considered the moment 
the payment the estimate, which likely the case, the State, 
that time, would holding 000 the contractor’s money, 
contract, which only 25% had been completed. Carry the illustration 
through the contract: Assuming the return the deposit check soon 
after the payment the first estimate, the contractor would still have not 
less than $5000 his earnings his first estimate held the Highway 
Department, and equal amount 000 would deducted from his second 
estimate, that the half-way point, the contractor would deprived 
$10 000 his earnings. the end the third month, would $15 000, 
and when the contract finished and still waiting for the final estimate 
and would deprived plus the gross estimate for 
the last month, $40 000 all, having received from the State not more than 
$60 000 $100000 contract. 

Contrast this situation with the advantages giving surety company 
bond. When bond given, not only the 000 deposit check made available 
for the contractor’s use, but entitled his estimates, which 
makes material difference the contractor the amount money with 
which operate, and may well mean the difference between success 
and failure the performance the contract, since many contractors fail 
reason money shortage. can seen that the payment the small 
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premium required for surety bond only small matter, compared with the 
greater advantages the contractor having the use his money. 

regard service times difficulty: Where corporate sureties are 
interested sureties for contractors, sometimes happens that reason 
the interest the sureties, and the co-operation between the contractors and 
the sureties, the contractors derive material advantage. This well illus- 
trated the work which brought about very equitable statute passed 
the New York State Legislature and approved the Governor 1919, com- 
monly referred the “Knight Bill”. reason the unusual conditions 
arising from the declaration war the United States, the fulfillment 
highway contracts the contractors was made difficult and, most cases, 
rendered impossible. The prices labor and prohibitive 
heights, and neither was available sufficient quantity quality perform 
the contracts then outstanding, some which had not been started and others 
which were various stages completion. There were, perhaps, 250 
300 these contracts, varying amounts from $20000 several times 
that amount. 

For the State have attempted enforce the contracts, without any relief 
whatever the contractors, would probably have resulted bankruptcy for 
90% the highway contractors the State. The reaction would probably 
have resulted long and tedious litigation all these contracts the greater 
part them, paralyzing the State highway work within the State and prac- 
tically depriving the State the opportunity availing itself the skill 
and experience majority these contractors, which, itself, would have 
been distinct loss. that situation, the sureties took active and, indeed, 
leading part gathering data, analyzing the situation, and presenting the 
problem the Legislature and other officials Albany, which resulted 
the passage the Knight Bill. This bill provided that the State should pay 
dollar for dollar’s worth work the time performance, which, 
view all the circumstances, was the only equitable and fair thing do. 
also provided for the cancellation, April 6th, 1917, the date the 
declaration war, all highway contracts then outstanding and uncom- 
pleted, which there had been default other than the failure com- 
plete; and those contracts that had been partly performed 1917 and 
subsequent April 6th, and 1918, provided for reimbursement the 
contractors the excess cost such work 1917, not exceed 35% 
the price labor, materials, and transportation, and for 1918, not exceed 
50% the price labor, materials, and transportation thereof, de- 
termined action and hearing before the Court Claims. 

doubtful whether the contractors, without the co-operation the 
sureties, could have achieved this result. Although cost the State some 
money make provision for the increased cost and the re-letting, the State 
paid only what the work was worth the time was done, and probably 
paid less the end than would the contractors had been forced 
through with their contracts far they could. This was unusual 
tion, arising from circumstances over which neither the contractor nor the 
State had control, and which could not have been foreseen either, but 
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serves illustrate the value the service the sureties emergencies and 
under unusual circumstances. All three parties profited—the State, the con- 
tractor, and the sureties. 

Now, let the matter considered briefly from the standpoint the surety 
companies. Some wonder has been expressed contractors who are compelled 
pay the high premium charges for contract bonds. the underwriters 
surety companies were endowed with the necessary wisdom select contractors 
with unerring judgment, they could practice, make the writing bonds 
what the theory, namely, the rendering service—the selling 
the use the name and credit the company for specific purpose and for 
specific price—that what the surety companies strive do, and they 
could succeed, would necessary charge only enough pay operating 
expenses, plus small margin profit. practice, does not work out that 
way. The underwriters make mistakes. They bond contractors who fail, and, 
the same token, they turn down contractors who finish the job. The com- 
panies select the best underwriters they can find and give them the benefit 
all the statistics they have, and notwithstanding they have every incentive 
separate accurately the “sheep from the goats”, they make mistakes. The 
result that the companies sustain large losses and find necessary charge 
premium which will not only pay their operating expenses, plus small 
margin profit, but also pay the inevitable losses. the interest 
all concerned keep these losses minimum—the lower the loss ratio the 
lower the rates. The average rate to-day for construction bonds 14% 
the contract price. It, therefore, takes bonds produce premiums 
amount equal the average contract, but approximately one-half the gross 
premium goes for various expenses; it, therefore, takes 150 separate risks 
produce enough net premiums pay one total loss. The odds, therefore 
(assuming the loss total loss), against the underwriter, are 150. 
The average loss, however, less than the full amount the contract. 

The surety companies are hopeful that the experience during the next 
few years will better than has been the past three four years; 
and such experience justifies it, there can doubt that reduction 
rates will follow. 

much easier lay down rules than apply them. the first 
place, difficult get accurate and complete information. Many ‘financial 
statements are round figures and difficult verify. More less dishonest 
contractors, and more less dishonest brokers, have learned deceive the 
underwriters surety companies. agent surety company 
pilgrimaging the capital State present the road-contract 
letting, meeting the contractors there, ready bid, escorting them local 
bank and arranging give the contractor the necessary certified check 
accompany his bid the written agreement that should prove the 
lowest bidder, the surety company would sign the final bond; then consider, 
further, the ludicrousness man without any experience whatever 
road contractor, without any financial responsibility, and therefore, course, 
without any plant, submitting bid without going through the formality 
making any figures, but, accepting the engineer’s estimate reasonably 
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safe figure, submitted with the certified check arranged the surety agent, 
and, then, proving the lowest bidder! this point, his plan had 
worked out. His thought was that one the other contractors would buy the 
contract, yielding him profit, but his bid was low that contractor would 
have any it. That the position which surety company found itself, 
and provided contractor the work with considerable loss itself. 
Competition among the surety companies almost keen among 
the contractors. 

have spoken about “busted” contractors. The mortality among surety 
companies has also been high. The United States Treasury Department, for 
years, has issued quarterly bulletin showing the amount for which the 
respective companies can qualify given bond favor the United 
States Government. There are about many companies listed this bulletin 
to-day there were dozen years ago, but, to-day, one will not find more than 
five companies listed, that appeared these bulletins dozen years ago, 
which means there are just five them left. well known what caused 
the failures these companies—it was principally poor contract underwriting. 
Something has been learned from these dead surety companies, but there 
still much learn. 

his opening remarks the speaker stated that surety companies looked 
forward enormous volume highway contract bond business. will 
the purpose surety companies co-operate with highway commissioners, 
their engineers, and their contractors, give good service, and co-operate 
every way possible the best interests all concerned. 
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FINANCING AND BONDING HIGHWAY WORK 


The speaker will try show how surety companies underwrite highway 
bonds; that is, how determined whether not they can prudently issue 
them. The first thing considered the contractor’s financial condition. 
his resources are found slender compared with the size the job, that 
fact seems almost fatal itself, without regard any other considerations. 

Although underwriting methods general are freely criticized agents, 
contractors, engineers, and highway commissioners, this particular item 
the underwriting creed, the insistence financial responsibility, receives 
more than its share disapproval. For example, the surety companies are 
naturally pleased when found that applicant for highway bond 
not only contractor the usual type, but also engineer; but even that 
favorable factor seems them not supersede the necessity financial 
resources commensurate with the magnitude the given job. Not all engineers 
are richly endowed that respect, and sometimes these engineer-contractors 
rather resent the application sordid considerations this kind their 
cases. 

Surety companies regard strong financial condition sine qua non 
bondability. They like feel reasonably certain, not only that the contractor 
will able finish the work reason his equipment, plant, experience, 
and general capacity, but also that has sufficient financial resources tide 
him over any the numerous mischances which his hazardous calling 
subject. They like feel confident that will not mean loss him and 
them if, through some contingency unforeseen and perhaps unforeseeable, 
finds his labor costs rising beyond all forecasting, if, some crit- 
ical stage his contract, freshet sweeps down the valley, ruining his half-com- 
pleted work and turning his costly equipment into much junk. Under such 
distressing conditions, nothing but solid surplus assets stand between the surety 
company and heavy loss. 

the unfortunate contractor able qualify for suretyship, this 
first requirement, the underwriter next considers the man’s experience the 
given line work, his plant, equipment, ete. the contractor has been 
engaged for years highway construction and has been reasonably successful 
such work, the surety companies are satisfied; but found that 
just starting business, they wonder whether his inexperience may not 
him seriously and may not ultimately make them his partner or, 
perhaps, his successor the given job. They fear that will like that 
other bridge builder that case, who found himself desperate 
circumstances and knew that must fail unless could secure extension 
large loan about mature his bank. When the president the bank 
absolutely refused renew the loan, the contractor asked him whether 
had ever been the bridge-building business. “No,” replied, “of course 
not.” “Well,” the contractor added, way breaking the news gently, “you 
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are now.” Similarly, underwriters sometimes find themselves plunged 
with equal abruptness into some mysterious and difficult business for which 
nothing their previous experience has prepared them the least. 

third underwriting point that deemed prime importance the 
matter other work hand. found that applicant for bond 
already has number big jobs under way, various stages completion, 
the underwriters are not over-enthusiastic about his case. Many contractors 
are too ambitious, they want get rich too fast, and they undertake great 
deal more than they can thoroughly accomplish. 

Two three points for which engineers are directly responsible have 
important bearing the decisions surety companies. When engineers 
provide that the contractee shall privileged withhold certain percentage 
the contract price the work progresses and after the completion thereof, 
protection against liens and undiscovered defects, they are incidentally 
benefiting the surety company, and the company correspondingly grateful. 
Such provision the contract has often saved the company from loss. 
quite another story when, the other hand, engineers include their specifica- 
tions penalties for delayed performance and maintenance guaranties. Under- 
writers regard maintenance provisions highway contracts altogether unfair 
contractors. Performance and maintenance guaranties are reasonable, 
doubt, connection with the sale machinery, patented devices, and the 
like; but they seem illogical and unjust the contractor where the 
latter undertakes only certain piece work exact conformity with 
detailed specifications laid down the contractee. Under these conditions, 
responsibility for results would seem rest logically with the framer the 
specifications rather than with the contractor who merely carries out such 
specifications. When engineer prescribes the precise manner which 
highway shall built, would seem affair the contractor whether 
the resultant highway stands under the traffic for six months six years. 
the road contracts, maintenance provisions seem particularly unfair 
the contractor both general principles indicated, and because road 
designed for and normally subject comparatively light traffic, from unex- 
pected causes, may forced carry continuous heavy traffic during the 
maintenance period. 

may questioned why the speaker has not included engineering con- 
siderations his list underwriting factors. There are good reasons for 
that. Because the vast variety and number bonds that must disposed 
with despatch, underwriters have time, even they had the ability, 
consider them from engineering point view. single day contract 
underwriter will pass one hundred more important bonds—bonds guaran- 
teeing the construction big office building, say, huge coffer-dam, con- 
crete viaduct, steamer, and union station somewhere, perhaps all 
intermingled with filtration plant, dredging, and tunneling contracts, and 
dozen more big highway awards. How could any underwriter possibly apply 
single day engineering tests and standards situation that kind, 
except the most superficial way? From the nature the case, the great 
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bulk the business must underwritten from banking, rather than from 
engineering, point view. 

The speaker hopes that has somewhat indicated the determination 
the surety companies follow conservative practices respect highway 
bond underwriting. They deem such course best for the contractors, the 
highway department, and every one concerned, for numerous reasons and, 
especially, because tends keep the business the hands competent and 
responsible people. Every interested party anxious have the work let 
responsible contractors, have done time, and rigid accordance with 
the specifications. the speaker’s opinion these vitally important ends are 
directly and efficiently promoted careful and prudent underwriting 
the part the bonding companies. 
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THE MOTOR VEHICLE HIGHWAY FINANCING 


Harry 


estimated that, during 1922, the United States Government, its States, 
the counties within the States, and the municipalities within the counties, 
combined, will spend fully 000 000 000 for highway purposes. These purposes 
include carrying and amortization charges outstanding highway bonds; 
expenses for the administration highway departments; maintenance 
highways; construction new highways; reconstruction outworn highways; 
and the regulation highway 

Such vast expenditure has been made necessary and desirable because 
the insistent and justifiable demands motor vehicles for wide- 
flung network stronger and better highways, amalgamated into co-ordinating 
National, State, county, and local systems. More important than this the 
fact that these vast expenditures have become necessary and desirable, because 
only through them can the maximum economic development the country 
achieved. matter what one may think say regarding the relative impor- 
tance the various mediums transportation, highways are always the 
immediate stems which farms, factories, stores, and homes hang leaves, 
taking nourishment from and giving the whole tree economic growth. 

Notwithstanding the importance highway transportation and the over- 
whelming part the motor vehicle it, law-makers have been too prone 
take the position that highway improvement confers special, and some 
would have it, exclusive benefits the motor vehicle. consequence, they 
insist that should bear the entire burden public highway financing. 
other words, they would have the 10000000 motor vehicles now registered 
the United States pay for the privilege operating the highways, the 
000 000 000 which has been estimated will spent for highway purposes 
the United States during 1922. 

Before discussing the merits demerits this contention let examine 
briefly the registration fees, gasoline taxes, wheel taxes, and other forms 
impositions which motor vehicles now pay into public treasuries, and, these 
basis, seek estimate what portion the 000 000 highway program 
for 1922 the motor vehicle will finance. After that, effort can made 
determine what portion should pay. 

The latest figures available the subject are those which cover the year 
follows: 


Federal: 

car excise $83 600 294 
2.—Commercial vehicle excise 160 456 
accessories, tires, excise taxes........... 960 128 


Secy., Motor Vehicle Conference Committee, New York City. 


and Figures the Automobile 1921 Edition, 48, published 
the National Automobile Chamber Commerce. 
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State: 
1.—Registration and license $102 000 000 
2.—Personal property 000 000 


3.—Miscellaneous taxes (motor fuel taxes, motor 
transportation franchise taxes, mileage taxes, 


business taxes manufacturers and 000 000 
Municipal: 157 000 000 
1.—Registration and license 000 000 
2.—Miscellaneous taxes 000 000 
000 000 


Since $168 000 000 the grand total $316 for 1920 was yielded 
State and municipal taxes 211 295 motor vehicles, and since this regis- 
tration was increase 22% over the number registered 1919, fair 
and conservative assume, despite the current period economic depression, 
that the close 1922, the two-year interval will develop least 
25% the number registrations recorded the close 1920. this 
assumption, and the same scale taxes and fees that obtained 1920, one 
can logically expect State and municipal taxes, 1922, yield 25% more 
money than 1920, approximately $210 000 000. 

This, however, does not tell the whole story. During 1921 forty-two State 
legislatures met regular session and five special session, and with few 
exceptions the law-makers these States increased the annual registration 
fees effective for motor vehicles during 1922, from 10%, 15% and 20% 
much 400% and more certain cases. Moreover, the tax rate the 
motor vehicle personal property has everywhere had upward tendency, 
and add the impositions, eleven new States, making the total fifteen 
present, are now taxing gasoline and other fuels used motor vehicles. 

During 1922, only eleven State Legislatures will hold regular sessions. 
Nine these have already convened and scarcely had their deliberations 
begun, before bills, providing for gasoline taxes, increased registration fees, 
wheel taxes, for the motor vehicle, put their appearance. 

view the figures given, and view the mentioned, 
too much believe that during 1922, the motor vehicle will pay 
$250 000 000 into State and municipal treasuries? the other hand, lower 
production motor vehicles and accessories 1922 than 1920 will decrease 
the Federal excise taxes about $100 000 000, making the grand total for all 
impositions the motor vehicle $350 000 000 for the year. 

With the exception the personal property taxes, these levies the motor 
vehicle are special exclusive. They are not imposed farm machinery, for, 
instance, spite the fact that the 3000000 4000000 motor vehicles 
owned and used farmers are hardly less useful and necessary them than 
their plows, harrows, cultivators, and other tools. Why should agricultural 
implements and countless other products the factory exempt from excise 


342 HIGHWAY TRANSPORTATION 


taxes, and the motor vehicle and its parts called pay 500 000 such 
taxes 

for the personal property tax, here, too, although this levy presumably 
general application all kinds personal property, usually falls with 
special and even discriminatory force the motor vehicle. evidence 
this, typical case near-by State can cited where the personal property 
tax levied automobile exceeded the same tax all the household goods 
pianos, talking machines, rugs, the house the owner 
that automobile. effect, therefore, not intent, the personal property 
tax levied motor vehicles thirty-seven States proving special impo- 
sition. 

Indeed, when all the taxes imposed motor vehicles the Federal 
Government, the States, counties, and municipalities are closely examined, 
can seen that either theory practical application they bear with 
exclusive special force the motor vehicle. 

This situation makes apparent that even were admitted that 
highways are special benefit motor vehicles, these same motor vehicles 
will, during 1922, contribute the form special fees, thirty-five cents for 
every dollar that will for public highway financing 1922. Will this high- 
way financing, however, benefit the motor vehicle specially exclusively 
The answer this question, coupled with quantitative and qualitative esti- 
mate this special and exclusive benefit, can alone enable determination 
what part the highway financing the motor vehicle should pay. 

Who Benefits from the Highway?—A man living the outskirts city 
suddenly stricken with serious illness. His doctor speeds his side 
automobile, diagnoses his malady, prescribes operation, rushes him 
hospital automobile ambulance, and virtue the time saved motor 
vehicles operated over good highways, saves the man’s life. Who used the 
highways? Who benefited from them? Obviously, both the sick man and the 
doctor, but where can the line drawn? Should the sick man who owned 
automobile but who was made well combination motor vehicles and 
good highways, pay nothing everything 25% toward highway 
What should the hospital and the doctor who owned and operated the motor 
vehicles, and whose efficiency were increased thereby, pay? Clearly, the mere 
putting these questions demonstrates the futility seeking accurate 
answer this method assigning intangible and unmeasurable benefits. 

Let try another example: virtue motor vehicles and good high- 
ways many farmers, factories, jobbers, and retailers are now avoiding heavy 
handling, transportation, and marketing charges, thereby greatly increasing 
their gains, but, the same time, lowering costs the ultimate consumers, 
many whom not own automobiles. Who are the beneficiaries this case? 
What are the kind and degree the benefits? How should the costs the 
highways which made the benefits possible apportioned 

this kind could cited indefinitely, all tending show 
that the advantages good highways accrue alike the whole 
and that part the public which owns and operates motor vehicles. this 
case, again, however, such illustrations prove how impossible take bene- 
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fits, which are shared the general public and the motor vehicle owner alike, 
the measuring stick for the relative portions highway financing that both 
should carry; and not forget that the motor-vehicle owner also part 
the general public, the non-owner, and does not escape any the general 
burdens virtue his ownership motor vehicle. 

There beneficiary who derives untold advantage from the motor vehicle 
and good highways, yet all discussions the subject and virtually all 
legislation entirely lost sight of. the owner real estate along the 
improved highways. When the owner acres land, unimproved 
dirt road, will accept $100 per acre for that land prior the conversion the 
dirt road into improved thoroughfare, usable all seasons the year, and 
following the improvement refuses offer $200 per acre, obvious that 
has received direct, immediate, and tangible benefit more than 000 
the mere completion the public improvement. Furthermore, benefits 
indirectly having his land placed economical contact with all other terri- 
tory that the highway and its connections serve, and this circumstance, 
turn, the flow traffic increases, advances real estate values thus, ever 
accruing his direct benefits. 

The Fundamentals Highway the general public 
and the owners property abutting improved highways fight out, what, 
any, shall their relative shares highway financing, let seek 
determine what, sound economics and justice, the motor vehicle should pay 
toward the vast annual outlays that the Federal Government, the States, 
counties, and municipalities are making for good roads. 

intelligent decision regarding this proposition can only reached 
realization the vital elements highway financing. Careful analysis 
shows that these fundamentally consist capital investments and current 
expenditure’. Under the former should included the cost surveys for 
highways; acquirement and clearing rights way; grading; drainage; 
laying foundations; original construction highway pavement; widening 
highways pavements; and reconstruction after highway can no. longer 
economically maintained. Furthermore, where the capital investment has 
been made through the deferred payment bond issue method rather than 
the pay-as-you-go cash method, the carrying and amortization costs for 
such bonds should charged the capital investment account. the other 
hand, current expenditures should embrace the maintenance highways, 
regulation their use, and administration the highway departments. 

After giving serious study these matters, the Motor Vehicle Conference 
Committee, composed representatives the American Automobile Asso- 
ciation, Motor and Accessory Manufacturers’ Association, National Auto- 
mobile Chamber Commerce, National Automobile Dealers Association, 
Rubber ‘Association America, and the Trailer Manufacturers Association 
America, has definitely taken the stand, that the aggregate amount 
excise taxes and all those other forms special impositions levied the 
motor vehicle, should case ever exceed the amount money needed 
meet these current expenses. Moreover, the Committee insistent that 
maintenance charges should the motor vehicle only for highways 
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properly located meet the economic needs the community and built 
such materials and such manner that they will efficiently and economically 
meet those needs. contended that the general public—which includes 
motor-vehicle owners well non-owners—and abutting property owners 
who are also made motor-vehicle owners and non-owners, should meet 
the cost the capital investments necessary for improved highways. 

When realized that the American public, prior the era motor 
vehicle transportation, spent scores millions dollars for the improvement 
highways for animal-drawn transportation and never charged that trans- 
portation penny special taxes, either for capital outlays current 
expenses, can seen that the position the motor vehicle reflected 
the Conference Committee fair, not generous. 

More than that, the proposition must accepted that good highways 
confer special benefits the motor vehicle, then special motor-vehicle imposi- 
tions for the current expenses necessary for maintenance, regulation, and 
departmental administration, perhaps the most accurate measure that can 
found those special benefits. Motor-vehicle owners substantial and 
heavy paying part the great army general taxpayers, together with non- 
owners, contribute toward the capital outlays necessary establish improved 
highways that redound the general good every one. Then come the 
motor-vehicle owners use these highways. Disregarding the fact that this 
use, more often than not, advantageous others beside these owners, 
must admitted that they subject the highways wear and tear. The special 
fees which they pay, offset this wear and tear. Here, then, justification 
for exacting from the motor vehicle the current expense fundamental 
highway financing. After this granted, however, why should law-makers, 
with increasing insistence, call the motor vehicle for greater taxes and 
extra taxes meet capital outlays? 

sure some may disagree with the particular phases highway 
financing which have been listed this discussion under the headings 
capital outlays and current expenses; almost certain that there will 
the greatest diversity opinion what the expressions, highway main- 
tenance, highway regulation, and highway administration should include. 
Even so, the speaker confident that once those who are working the 
problem shall have agreed what shall constitute capital outlays and current 
expenses, they will subscribe the position that special tax impositions the 
motor vehicle should never, Federal, State, county, municipal highway 
financing, greater than necessary meet current expenses. 
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THE MOTOR TRUCK ASSET RAILROAD OPERATION 


During 1922, more improved highways will constructed the United 
States than ever before similar time. Federal, State, county, and city 
appropriations, aggregating more than are being set aside for 
this purpose. the passenger vehicle that makes road construction 
question popular interest and this enormous undertaking possible, but 
the motor truck that sets the standard road construction and makes the 
expenditure economic interest. Railroads are concerned this work, 
they are taxpayers the extent over yearly, large part 
which goes into the highway budget. 

The motor truck has demonstrated its ability, mechanical device, 
move freight promptly and efficiently. Consequently, railroad managements 
must accept the inevitable and meet the motor truck ally rather than 
enemy. Inasmuch benign public has seen fit provide the right 
way, roadbed, and track for this means transportation, the duty 
the far-seeing railroad manager welcome aid and not condemn 
competitor. 

Some the conditions under which motor-truck operation can sub- 
stituted for present-day railroad operation are: 

branch-line operation. 

2.—Trap car service. 

3.—Suburban distribution. 

4.—Utilization outlying yards lieu yards congested districts. 
5.—Terminal distribution. 


Short Branch-Line Operation.—Branch lines light traffic are unprofitable. 
Motor trucks, improved roads, substituted for both passenger and 
freight service and the railroad lines can abandoned. improved roads 
not exist, the right way and roadbed the branch line can turned 
over the proper authorities for the construction highway. instance 
the use this arrangement may found the utilization part the 
abandoned Delaware, Lackawanna and Western roadbed the Pennsylvania 
Highway Commission for the State Road between Binghamton, Y., and 
Pa. 

Trap Car industrial centers, many industries produce freight 
for diversified points. This freight must assembled some central station 
and consolidated for various destinations. The movement the cars 
freight for miscellaneous points, between the industry and transfer platform, 
known trap ear service. usually performed through congested yards, 
and order render must performed specified schedule. 
This renders the service expensive, and the cars used this manner take 
unnecessary room the yards the detriment through service. This 
trap car service can performed motor trucks much more cheaply than 
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the use cars. The result expedited movement with real economy, 
saving equipment, and relief congested yards the advantage 
carload outbound freight and inbound raw materials. 

Suburban Distribution.—Every large city becomes surrounded subur- 
ban area more less intensive development. The use the expensive 
terminals the railroads for local distribution throughout these areas results 
economic loss and requires the development much larger terminals 
than would otherwise necessary such local distribution were eliminated. 
Freight for local distribution cannot refused, however, such action would 
affect the solicitation profitable long-haul business. Terminal costs more 
than absorb the entire freight rate local distribution this character. 
Motor-truck distribution through suburban areas, within radius from 
miles (depending the condition the roads), more satisfactory and 
economical than similar distribution through the medium city freight- 
houses and way freights. This method distribution the New York subur- 
ban area should cultivated all railroads. 

Utilization Outlying Yards Lieu Yards Congested 
rare instances, railroad managements have been far-sighted enough 
anticipate the growth cities and prepare adequate yard room accom- 
modate the increase business. Where this has not been done, results 
later years the necessity purchasing areas great additional cost and 
under disadvantageous circumstances. The growth city compels much 
additional expense account the elimination grade and 
diversion highways; also municipal ordinances against smoke, noise, and 
the blocking crossings, make the operation internal yards extremely 
expensive. The elimination such yards; the selling the valuable property 
released thereby; the use funds acquired the construction more 
properly designed yards outside the city limits; together with the institution 
motor-truck service interior stations, would undoubtedly prove economical 
many instances. 

Authorities agree that the proper measure cost operating motor trucks 
the cost per day rather than the cost per mile. the daily mileage 
increases, the cost per mile will decrease. There are many items this 
expense that are not absolutely dependent the mileage made, that 
additional mile—or even two—between outlying yards and city freight houses 
will not increase the cost trucking service proportionately. 

Terminal Distribution—The growing opposition grade crossings and 
the expense eliminating them; the increase municipal and State taxes; 
and the enormous cost real estate, render the building industrial tracks 
the heart great business centers impossible. the motor truck 
becomes necessary aid combating undue terminal charges. 

St. Louis, Mo., with its population nearly 800 000 people, practically 
all the railroads terminate their freight activities East St. Louis, and all 
carload and less than carload freight, where there direct connection with 
individual industry, contracted trucking corporation, which provides 
inland stations and delivers carload freight and truck freight from East St. 
Louis across the bridge St. Louis. 
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The tractor and trailer system which used this point, delivers carload 
and less than carload freight between the railroad and the consignee inbound 
and outbound freight. This system takes the lost motion the motor 
unit; three trailers being provided for each tractor. The haul this point 
averages about miles, and the tractor with its three trailers can handle about 
tons freight per day, cost about cents per ton. 

demonstration the economy this method, might cited 
that only short time ago the Pennsylvania Railroad, with all-rail line 
connection St. Louis, diverted its freight this tractor-trailer method 
distribution. 

Cincinnati, Ohio, the demountable body, container, used, the 
operation being confined the transferring less than carload freight from 
one railroad another. The demountable body has the same 
the tractor-trailer allowing the motor continue operation while the 
loading and unloading takes place. Hoists, loading and unloading points, 
quickly remove the container from the truck chassis. The average haul 
about miles and the cost about cents per ton. 

New York City, radical departure being made the present time 
terminal distribution inbound freight and the collecting outbound 
freight. Under contract with the United States Trucking Corporation, the 
Erie Railroad delivers its cars the Trucking Company its yards the 
New Jersey shore. The freight loaded trucks and ferried New York 
City, utilizing the ferries, far possible, times other than during 
peak loading. common rate paid all freight trucked imaginary 
point West Street. From this imaginary point, freight distributed: 
First, piers for steamship loading; second, inland freight stations; and 
third, for store door delivery. Different additional rates are allowed for these 
three methods distribution. the case steamship delivery, freight 
unloaded docks the same any city freight that may handled. 

the second instance, inland freighthouses have been developed 
utilizing ground flocrs warehouses, owned The Independent Warehouse 
Company, Beach, Greenwich, Leroy, and Montgomery Streets. Through 
arrangement with the Warehouse freight may floored for 
immediate delivery the consignee may elevated into warehouses 
the consignee’s request for subsequent delivery. These inland stations are 
every respect railroad stations. 

The third method delivery worked out between the Trucking Company 
and the consignee, the latter preferring, many instances, receive his 
freight from the Trucking Company rather than have through the inland 
stations. This reduces the cost handling freight both the Trucking 
Company and consignee and expedites delivery. True economy, however, 
reached this work until specially constructed trucks either 
the “trailer” type have been placed the service. 

With the completion the Vehicular Tunnel and the elimination the 
ferry service with its resultant delays, this method delivering freight 
New York City will meet with increasing favor. well-advertised fact 
that costs much move carload freight from the railroad yards 
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New Jersey and deliver New York, does move the same car 
freight from the same yards Buffalo, Y., Pittsburgh, Pa. Any method, 
therefore, which reduces this large expense (which principally the 
maintenance, operation, and repair lighters, tugs, and docks), will 

There has been noticeable shortage steamship pier space the North 
River for some years, due the fact that 30% all the piers are being used 
New Jersey railroads for the purpose delivering freight New York 
City. Through the trucking method delivery large proportion these 
piers will released and can again used for steamship purposes. 
pity that this proposition had not been worked out before the steamship piers 
Staten Island were built, the burdens which will imposed the 

for long time come through lightering this distant point, will 
marked reflection against the economical operation the port. 

The New York-New Jersey Port and Harbor Development Commission 
contemplates the construction vast assembling yards the New Jersey 
meadows, where cars from all railroads will assembled; extensive transfer 
stations, where freight will taken from cars and loaded containers for 
transfer tunnels; extensive tunnel system, where small cars automatically 
and electrically operated will transport this freight points underground 
New York City for further handling and distribution; and warehouses and 
freight stations New York City facilitate this distribution. 

this construction more than $200 000 000 must spent and when 
operation, any freight handled, after has reached the city, must 
ultimately depend the motor truck reach its destination, the only excep- 
tion being where the receiver freight fortunate enough located 
adjacent one the terminal stations. 

With the Vehicular Tunnel from Canal Street, New York City Jersey 
City operation, freight may loaded directly from cars New Jersey 
motor trucks and without further re-handling distributed directly where 
required the receiver. 

Except for the North River, the Port Development Plan would not meet 
with moment’s consideration. Let us, therefore, undertake eliminate the 
North River the construction series tunnels, cost much less 
than the Port Plan. 

First—Build tunnel from Lower New York point adjacent the 
existing freight yards the Jersey Central, Lehigh Valley, and Pennsylvania 
Railroads. 

Second.—The new Vehicular Tunnel, now under construction, between 
Canal Street and point adjacent the yards the Erie and Lackawanna 

Railroads, will take care freight unloaded these points. 

tunnel from point near 50th Street point adjacent 
the West Shore Tunnel, for the handling the business the West Shore. 

Fourth—Build tunnel from 125th Street point adjacent the 
freight yards the vicinity Fort Lee Ferry. 

belt line along the Hackensack River the New Jersey 
Meadows, connecting with all the railroads mentioned. the present time. 
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tracks are available for about half this distance. Over this belt line, freight 
consigned New York City could moved the most adaptable yard, 
unloaded existing team tracks, and trucked directly point destination, 
eliminating any north and south trucking New York City. 

This plan, outlined, would cost much less than the plan under con- 
sideration and would give relief the entire city instead small part 
it, and, addition, would expedite the movement pleasure vehicles and 
out the city. Trucking this nature would not add the congestion 
New York City streets the same freight now trucked between warehouses, 
ferries, and the pier railroad stations. The advantage the railroads lies 
the elimination the tremendous cost lighterage, the two additional 
handlings now necessary loading and unloading the lighterage, and the 
incidental saving loss and damage account, large proportion which 
accrues transfer points. The latter item for all railroads during 1921 
amounted more than $100 000 000. 
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MOTOR VEHICLE CONTROL 


Motor vehicle control, has been evolved Maryland, keep pace 
with the development and steadily increasing use the automobile, now 
grounded four essential requirements. Although continued expansion 
motor vehicle traffic may require enlargement official regulatory power, 
experience leads the belief that these four requirements are basic and essen- 
tially permanent. 

Proper and effective regulation and control requires that close check all 
times kept the individual car once has been identified and recorded. 
This record the car goes into the “used car” class must permanent. 
Ready identification and maximum ease tracing its owner any 
car seen the highways must provided. Before being turned loose 
the highways the driver, for the protection himself and safeguard others, 
must undergo some mental test and give practical demonstration his 
fitness and ability. Once permitted operate, the driver all times must 
easy identification and location. These requirements constitute Mary- 
land’s four basic principles motor vehicle control. These ends are accom- 
plished the following manner. 

First, there Title Law; second, the ordinary system yearly registra- 
tion, and issuance numbered metal tag used; third, each chauffeur 
operator must submit mental examination and give practical demonstra- 
tion his her ability operate car, and, fourth, every driver assigned 
permit drive and given number. 

The Title Law, although mentioned first, constitutes the latest addition 
the system. addition its other advantages, has done much check 
automobile theft. has made the “auto Jack’s” vocation more hazardous 
and correspondingly less profitable. Under it, 
motor side car can sold bought the State without there 
first having been exchange and recording title deed between the 
vendor and vendee. The transaction sale conducted manner some- 
what similar and is, indeed, supervised more closely and protected more com- 
pletely than ordinary sale real estate. Not only must the deed 
title ownership contain minute description the external characteristics 
the car; must also identify the engine motor its original factory 
number. 

Such statute, course, would useless did not contain heavy 
years, both fine and imprisonment for the mere having possession 
motor vehicle from which “the trade mark, distinguishing identifying 
number, serial number, marks has been changed changed, covered, 
removed, defaced, destroyed, obliterated altered” indication the 
severity the penalties. 


Comm. Motor Vehicles, Baltimore, Md. 
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Forgery application, misstatement application, any alteration 
title ownership once issued, carries penalties from 000 
fine, jail sentence years, both fine and imprisonment. Equally 
deterrent penalties are provided for having one’s possession car cycle 
for which title has not been issued. 

All titles ownership are issued and record them kept the office 
the Commissioner Motor Vehicles. The same requirement governs all 
transfers assignments title. Through this system every motor vehicle 
the State can traced back its original owner. Its present owner’s 
name and address all times matter public record. 

stolen and its motor number changed obliterated before 
recovered, or, cases cars which had been sold prior the passage 
the Title Law, with bad numbers, the Commissioner assigns that engine 
new number. This substituted numeral, with the identifying initials 
“A. C.”—for Automobile Commissioner—added indented the motor. 
it, the car known and identified all subsequent sales. 

The title records give the authorities all times complete and perma- 
nent description and record present ownership and approximate location 
every motor vehicle the State. This record independent the system 
yearly registration all cars and assignment each two numbered 
metal tags which must displayed all times—one front and one the 
rear. When these tags are issued yearly, they are assigned specified car. 
They cannot used any other. They will not issued except the 
name the persons whom the title records show the owner that par- 
ticular car. These registration numbers are issued for the calendar year, 
any quarterly proportionate part thereof. 

The system yearly registration and identification tag issuance goes 
further, however, than the simple assignment and issuance numbered display 
tags for road identification. card describing the name make, the color 
and type body, the color and type wheels, and containing also the factory- 
given engine number, well the tag numerals assigned for that year, 
must carried all times with the car. This card issued the Com- 
missioner. also stamped the ownership title reference the files. 
This system, for violation which severe penalties are provided, gives all 
times speedy identification and tracing car while the highways. 

course, the inanimate car motor cycle thus all times marked 
easy identification and location after accident traffic violation. 
is, however, after all, the driver who wanted such cases. 

The Maryland law endeavors, first, keep all persons from behind the 
steering wheel and away from the gear control motor vehicle until 
she has demonstrated ability operate car, with the minimum danger 
others, and has working knowledge traffic regulations and the rules 
the road. This accomplished through the issuance first beginner’s 
license instruction permit. Under this permit, the new driver forbidden 
operate car unless fully licensed and experienced operator chauffeur 
present. This permit good for only thirty days, but may renewed, and 
often extended the learner has not become proficient that time. 
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After the period instruction and actual experience operating car, 
always under the eye experienced driver, the applicant reports for 
examination. Specifie dates are advertised the counties for these tests, 
which take place usually the county seat. Demonstrators examiners are 
duty for this purpose all times the Headquarters Office Baltimore. 
First, there oral test determine what the applicant has learned the 
working parts his vehicle, and what his conception his own and the other 
person’s rights are the highways. Passing this successfully, the applicant 
gives demonstration. With representative the Commissioner the 
seat with him, compelled start and stop the car, take through fairly 
heavy traffic, back it, stop after stalling hill, ete. the applicant cannot 
meet the standard these tests there must further period operation 
instruction permit, another test, and another demonstration. 

The fact that many applicants are often sent back for instruction two 
three times indicates the importance this examination and the requirement 
for standard qualification. Some have never been able qualify. The 
weight that given proper preparation and qualification drivers 
indicated through the fact that, cases sub-normal mentality suspicion 
such condition, the Commissioner can require the applicant before 
board physicians for examination. Sixteen years the minimum age 
limit for drivers. 

Having set standard that “would-be” drivers motor vehicles must meet 
before being turned loose the highways, Maryland lists and indexes every 
chauffeur and operator the State, and issues him numbered card 
which his name, address and description his physical characteristics. 
This card must always carried and must shown demand, following 
any violation accident. Demand that the operator’s card shown under 
such circumstances can made any one, not necessarily officer the 
law, and refusal entails severe penalties. 

further protection, these permits are subject suspension for various 
periods revocation the Commissioner. All such suspensions and 
revocations are handled the Commissioner. The magistrates trying cases 
violation are limited imposition fines jail sentences. magistrate’s 
acquittal charge, however, does not the Commissioner from inde- 
pendent action. the final judge the right driver retain his 
permit. conducts independent investigation violations and often revokes 
suspends the license operator who may have been exonerated 
trial magistrate. 

check the record drivers, all magistrates are required make 
detailed reports the Commissioner all cases tried them. From these 
reports with the disposition the case complete file difficulties viola- 
tions every driver centrally assembled. this way, each driver’s record 
conduct, and determination second subsequent offenses, made 
constantly available. 

Suspension revocation permit denies him her the right 
operate within the State. Violation this section penalized fine from 
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$100 $1000, jail term from days year, both fine and 
imprisonment. 

each these stages regulation, except the case the examination 
and demonstration the driver, fee collected. The drivers are grouped 
into three classes: Chauffeur, including those who drive for hire; operator, 
who drives for pleasure operates his own car; and motor-cycle operator. 
These pay, respectively, and $1. Issuance each title transfer 
title entails cost $1, plus the notarial fee. There are drivers all 
classes paying annually, the increase 1921 being more than 
per cent. 

Charges for registration and issuance marker tags are based the rated 
horse-power for pneumatic tire vehicles and straight-tonnage basis for 
solid tired cars. Any vehicle with two non-pneumatic tires rated 
solid-tired. The pneumatic-tire rate cents per for pleasure cars. 
Hiring cars taxicabs pay twice this rate. 

The system registration regulation and basis fees has one exception. 
This exception constitutes the only point which there division 
jurisdiction between the Motor Vehicle Commissioner and any other govern- 
mental department the State. has with franchise rights and the 
regulation and costs for operating passenger and freight bus lines over 
established routes arranged schedules service. this case the Motor 
Vehicle Commissioner and the Public Service Commission, controlling all 
public utilities the State, share administrative functions. The speaker will 
touch this phase motor control, Maryland now handles it, more fully 
later. 

From all the fees collected, with the exception those derived from the 
Titling Department, created, after the administrative expenses the Motor 
Vehicle Commissioner’s office are met, fund devoted the maintenance 
the State’s highways. None goes construction; merely applied 
putting back into the road’s surface what the automobile takes out 
wear and tear. 

Some idea the growth and the increased requirements for the regulation 
motor vehicles Maryland may however, from comparison 
the gross income from motor vehicle registration, when Maryland first 
attacked the problem 1911. Determining lay down system modern 
hard-surfaced highways, which $26 000000 has since been spent for con- 
struction, the State turned automobile license fees take care these 
roads after they were built. that year, the succeeding fiscal year, 
the gross receipts were $56204. The last annual report just sent the 
Governor shows gross receipts 1920-21 amounting 
more than 400% years. The administrative problems are 
multiplying more rapidly than the income. This best shown the fact 
that the calendar year 1921 18000 more pleasure cars alone were registered 
than the preceding twelve months. 

view the discussion the Society the question Highway 
Transportation, word two Maryland’s attitude this problem, 
affects both motor vehicle control and highway upkeep, may 
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interesting. Although recognizing the inevitability continued expansion 
the field truck transportation, Maryland now discouraging heavy unit 
tonnage transported solid-tired vehicles. With mounting tonnage solid 
tires the fees are being sharply boosted. Beginning with the 1-ton truck, the 
State collects $20 per ton, 3-ton vehicle. Then the rate goes up; $100 
for 4-ton trucks, $150 for 5-ton, $300 for 6-ton, and $500 for 7-ton vehicles.. 
However, although the State still licensing 6-ton and 7-ton trucks which 
were owned and registered Maryland prior 1918, now has 5-ton 
maximum for all other cars this type, and limits the gross weight 000 
lb. Even with these restrictions, 11597 solid-tire trucks were licensed 
1921, the fees totaling $371 000. 

the realm motor vehicle control all trucks, the State has special 
provisions. enforce the gross weight law, roadside scales the ordinary 
type for vehicle weighing have been installed strategic points through 
lines traffic. these scale boxes, the motor-cycle police have keys, and 
any truck under suspicion being over weight must submit weight 
demand. Fines much $100 for each over-weight truck are provided. 

The State also has maximum width law for trucks which limits the width 
in. The speed limit for solid tired trucks decreased the tonnage 
increases. The carrying all trucks mirror adjusted give the 
driver view the road his rear, also 

The truck-regulation provisions just cited cover both the free-lance truck, 
which will, they often advertise, haul anything, anywhere, anytime, and 
the regularly scheduled freight hauling motor. 

the latter type vehicle, however, well the case the passenger 
bus covering agreed and fixed route regular schedule common 
the administrative jurisdiction shared with the Public Service 
Commission. 

The Service Commission controls the franchise, compels the observance 
schedule, fixes the freight and passenger tariffs, and hears and adjudges 
controversial questions arising between the operating company and its patrons. 

The Commissioner Motor Vehicles assesses and collects the license 
for registration, issues and enforces observance the provisions chauffeurs’ 
permits, and compels observance the traffic regulations. also issues the 
registration identification tags, which are distinctive for this type vehicle, 
and administers the Titling Law. 

The passenger bus this service licensed the basis one-twentieth 
cent per passenger mile for the entire scheduled route and for the 
full capacity the vehicle, for buses weighing less than 3000 Buses, 
weighing between 000 and lb. pay one-fifteenth cent per passenger 
mile, and those weighing more than 000 lb. are assessed one-sixth cent 
per passenger mile. 

With freight-carrying buses, the fee collected ton-mile basis. 
These fees are: one-fifth cent for 3-ton truck less; two-fifths 
cent between 3-ton and 6-ton, and three-fifths cent for all trucks 
over 6-ton gross capacity. 
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The joint regulation such not limited rural service. 
applies also the Charles Street Bus Line the United Railways and 
Electric Company, Baltimore, and all jitney lines operating that 
city and the smaller towns the State. 

From 260 buses various types licensed the fees for 1921 totaled 
$44 That this business also growing indicated the fact that 
this sum was exceeded nearly 400 the first license rush the beginning 
January. With the opening the many rural resorts, which such lines 
are increasing numbers devoting their attention, the spring and summer 
will see even further increase. 

This source expected further increase does not indicate any limitation 
chartered bus and truck lines summer-time operation for rural resort 
service. Maryland, elsewhere, the passenger, baggage, express, and 
freight motor traffic well out its swaddling clothes, although rural 
highway transportation development still treated somewhat 
infant industry. 

Because this, and because looked important and effective 
instrument for rural community development, the State protecting all 
properly financed and efficiently managed ‘lines; protects their lines and 
routes and discourages unstable and irresponsible competition. 

large agricultural areas, devoid either rail water transportation, 
motor-bus lines are now furnishing for the first time the history these 
localities satisfactory and convenient connections with the outside world. 

distinguished from scheduled and routed bus lines, the 4161 taxicabs 
and hiring cars not operating over any fixed routes paid 1921 fees the 
State $110 663.65. Pleasure cars, which there were licensed 120 231, added 
468 969.04 the State’s income. Income from State dealers, dealers 
transit, motor cycles and other sources, might also discussed. 

Over and above principles and requirements the theory motor vehicle 
control, because these are useless and practically unenforcible without them, 
the body uniformed, trained, and motor-cycle mounted police. The 
psychological effect such force restraining the potential “speed king” 
and reckless driver can hardly estimated. 

addition the safety they bring rural highways, their contribution 
motor vehicle control results the collection fines sufficient pay their 
daily running expenses. 
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Am. Soc. (by letter).t—The main problem high- 
way transportation the field economics. Since limited amount the 
National wealth available for transportation, what spent highway 
transportation beyond the economic necessity will diminish the amounts that 
should applied other agencies transportation, such railways and 
electric lines. The central need, therefore, the organization the transpor- 
tation agencies the United States that each may preserve its proper 
economic relation the others. The data which the solution this 
problem may predicated are largely wanting. Such data result from traffic 
surveys and analysis data costs that arise from the road and from the 
vehicle. this economic field that the greatest opportunity lies for 
useful and fruitful research. Scientific correlation transportation agencies 
should replace conflict. 

well known that industrial regions like the State Connecticut, 
the railroads have been largely relieved their less than carload business 
which now carried motor trucks over the highways. reported that 
between Bakersfield and Los Angeles, Calif., the freight finds its way 
over the highway, cost cents per ton-mile against cents per 
ton-mile the railway. course, speed delivery and absence terminal 
charges are the deciding factors such traffic. the vicinity Seattle, 
Wash., said that the development motor transportation companies has 
diminished the need the farmer for his own truck. His products are placed 
platform front his farm and are delivered transportation 
company the city, and the commodity that desires returned him. 
The economic radius such highway variously fixed from 
100 miles, depending conditions, but the real economic radius will affected 
distribution the truck, costs that are not the present balance sheet. 
That this truck transportation here stay cannot doubted for moment. 

From 1910 1921, the motor vehicles increased number from 501 000 
750 000, that is, 1800%, and the trucks increased from 2.8% 
total vehicles. present, there are.nearly 500 000 automobiles and 333 000 
trucks. 

Preliminary figures indicate the investment highway transport 
$20 000 000 000 outside cities, including vehicles, garages, and roads, 
investment equal that rail transportation. The motor vehicles represent 
investment 000. Nearly one-third the vehicles are owned 
farmers. There are 20000 motor buses operation; 12000 schools are 
using motor buses for transporting children. Motor express lines now 
operation number 1500, and 000 head live stock were transported 
motor truck 1921. Connecticut, truck load silk products valued 
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$100 000 passed over the roads. Iowa, there car every 4.5 persons; 
the average, there car every persons the United States. 

The total operating expenses motor-vehicle traffic—passenger and freight 
—in the whole United States are large that the fixed charges from capital 
costs and the additional maintenance costs arising from the road appear 
less importance relation the total cost transportation than would 
supposed. Using data which represent reasonable estimates rather than 
exact statistics, one finds the following: 

During 1921, the money spent highways the United States for 
State, county, and other roads outside cities, was: Construction, 
$420 000 000; maintenance, $180 000 000; total $600 000 000. 

There were 750 000 vehicle licenses, that is, 404 000 for automobiles and 
1346000 for trucks. the cost the road divided the 
vehicle licenses, appears that the total road expenditures for licensed car 
are, follows: Spent maintenance per license, $18.60; total expenditures 
per car license, $61.50. Fixed charges arising from previous construction are 
not included. 

Turning the other side, one may ask what revenue was received from 
the licensed vehicles. During 1921, approximately $118 000 000 were paid for 
vehicle licenses the United States, and approximately $120 000 000 excise 
taxes, the latter which did not directly back the roads, total 
$238 000 000. 

similar manner, one may divide the revenues received the number 
licenses, and find that the revenue per car for license fees was approximately 
$12 per year, and that adding the excise tax the total revenue from the car 
approximately $19. 

other words, the car licenses paid about two-thirds the cost mainte- 
nance roads. course, this showing likely misleading because 
some money spent roads over which there little automobile travel, and 
then, again, not all the money paid for license fees returned the roads. 
addition, license fees are received from vehicles that travel almost entirely 
city streets. One must also remember that large sums money are spent 
counties and townships excess revenues received the State for 
license fees. 

difficult examine the calculation for individual States account 
diversity practice financing. However, proceeding indicated, for 
the States Iowa, Michigan, New Jersey, New York, and Pennsylvania, 
found that 1920 the license fee per car was from $13.10 $17.00, 
average $14.53, and that the road expenditure, including construction costs 
for 1920, and maintenance costs, runs from $29.15 $69.00, average 
$47.65. 

course, the total highway expense for 1920 would include the fixed 
charges arising from the construction preceding years. effort now 
being made the Bureau Public Roads determine these costs 
for the entire United States. 

the ability the traffic carry this burden, may said that the 
road licenses present are probably not more than the total cost 
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the transportation, that is, the truck owner the automobile owner pays 
road fees only about out every $100 fixed charges and operating 
expenses. Therefore, this increased for licenses road fees, the 
total cost transportation would increased only 2%, that when the 
farming communities and other property holders ask that road construction 
stopped order that road taxes may diminished, would appear that 
the road programs might still proceed, only those who use the roads are asked 
pay for them license fees, and gasoline tax other method. This state- 
ment made merely for the purpose stressing the importance the traffic 
and not argument for such method financing. 

sound theory highway finance needed determine the distribution 
the cost according benefits. this theory, the various elements the 
road, such right-of-way, grading, and structures, and the wearing surface, 
should recognized. 

Finally, must said that the maintenance work the roads not 
sufficient present and should increased. 
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THE RELATION BETWEEN DEFLECTIONS AND 
STRESSES ARCH DAMS 


Discussion* 


Am. Soc. (by this paper the author 
has raised some interesting questions which merit discussion. 

the deflections the dam have been carefully measured and the char- 
acter the that produced the deflections, together with the elastic 
modulus the material, are definitely known, the stresses resulting from the 
should determinable. There can serious question that 
point. 

referring “Stresses the Vertical Cantilevers Arch Dams”, the 
author bases his method determining those stresses the “well known 
theory stresses and corresponding deflections cantilever beams”. The 
usual formulas for cantilever beams are deduced from the theory flexure, 
assuming the beams rigidly fixed the base, with compression one 
side the neutral axis and tension the other side. The writer questions 
such formulas are strictly applicable dams generally, which may not 
rigidly fixed the base. 

The author assumed the dam “rigidly fixed the base due either its 
own weight special anchorage the bed-rock”. The value the weight, 
fixing force, limited the condition the dam simply supported 
the base. When the load commences produce tension the up-stream face 
the dam near the base, the weight the dam fixing force exhausted. 
adequate anchorage for rigidly fixing the base required, the formulas 
for rigidly fixed cantilevers are apply. The absolute adequacy such 
anchorage for rigidly fixing the base permanently, may uncertain. 

his investigations the Barren Jack Dam Australia and the Salmon 
Creek Dam Alaska, the author finds that the deflection curves, instead 
being tangent the normal the base, make material angles with the normal 
their intersection with the base. Such condition indicates clearly, that 


Discussion the paper Noetzli, Assoc. Am. Soc. E., continued from 
January, 1922, Proceedings. 


Cons. Engr., New Haven, Conn. 
Received the Secretary, January 6th, 1922. 


360 DISCUSSION DEFLECTIONS AND STRESSES ARCH 


whatever the intentions the designers may have been, the dams are not 
rigidly fixed the base, and renders questionable the application formulas 
for rigidly fixed base. the dams are simply supported the base, the 
deflections would greater than they are considered rigidly fixed the 
base. This may help account for some the great differences between the 
measured deflections and the deflections the author. 

The writer doubts the wisdom using steel for anchoring 
and for resisting tension high dams subject heavy water pressure. 
imperative that important impounding reservoirs should designed 
permanent structures. The dangers life and property and the loss that 
would caused failure renders inadmissible the construction any but 
permanent dams. The steel most efficient should 
reasonably near the up-stream face the dam. The farther removed 
from the up-stream face, the more steel required. The amount required 
large any case the up-stream face the dam “rigidly fixed” 
the base. 

Concrete, good quality and under only light water pressure, may 
protect the steel fairly well. Concrete, however, more less porous and 
water, under heavy pressure, will forced through few inches even 
few feet concrete. the unit stresses are equal those generally allowed 
steel reinforcement, then, accordance with the laws elasticity, the 
steel will stretch somewhat. This will produce tension the concrete, tend- 
ing open fine hair cracks and make still more porous. 

Water under high pressure also likely get the steel through con- 
traction joints and through construction joints where weak laitance may 
not have been entirely removed. Damp spots, where water has seeped through, 
are not infrequently noticed the down-stream face near the bottom dams 
only moderate height, particularly soon after the dams are put com- 
mission. 

water does get the steel and corrosion takes place, the concrete 
likely split and trouble will result where may not seen. Corrosion 
the steel has already caused trouble reinforced concrete stand-pipes built 
less than score years ago. The writer believes safer omit the 
steel and use little more concrete, and consider the dam simply supported 
the base, unless the steel much more efficiently protected than present 
practice. 

force which helpful the arched dam, and which seems have been 
given little, any, attention, simple vertical beam action. Vertical slices 
the dam may considered simple vertical beams, supported the base 
the rock and, limited extent, supported the top horizontal arch 
action. considering arch action, the dam assumed divided into 
horizontal slices free slide each other. this assumption, the 
horizontal arch slices the top, theoretically, are not stressed from water 
pressure, they are above the water level. These top horizontal arches should 
made useful work, which they actually do, acting limited sup- 
ports the top the simple vertical beams. 
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The writer believes that the top arch dam should substantially 
the same thickness the top corresponding gravity section dam. The 
rigidity simple beam varies the cube the depth. arch dam is, 
say, ft. thick the top and ft. thick the base, the thickness the 
base being five times the thickness the top, the rigidity near the base would 
about one hundred and twenty-five times the rigidity near the top. The 
maximum water pressure also the bottom. Therefore, the simple vertical 
beam, with relatively small support the top, able its rigid bottom 
portion, transmit material portion the bottom water pressure, into 
the rock foundation. 

The simple vertical beam action would tend produce tension the 
down-stream face the dam, thereby neutralizing portion the compres- 
sion the down-stream face resulting from simple gravity action. would 
also tend produce compression the up-stream face the dam, helping 
neutralize any tension the up-stream face resulting from gravity action, 
cantilever action, reduced gravity section. The simple vertical beam 
action relatively about four times more efficient than cantilever action. Such 
action therefore would helpful gravity action and permit more load 
put gravity action without producing tension the up-stream face 
the dam. also helps distributing the water pressure over the hori- 
zontal arch slices, tending make the unit stresses the arches more 
nearly uniform, well helping transmit water pressure quite 
directly into the rock bottom. 

The various forces acting arch dams make them, the author has 
stated, “statically complicated structures”, and evidently appreciates the 
difficulties exact mathematical solution general formula that would 
practical value. 

the thicker bottom portions the arch dam, shearing stresses—mostly 
horizontal and inclined, but some vertical—are material factor trans- 
ferring the loads into the rock. The concrete near the bottom massive 
that the unit stresses shear are relatively small, even for transmitting 
the greater part the bottom water pressure. The principal resisting forces, 
acting arch dams are shear—horizontal, vertical, and inclined; simple 
gravity action; horizontal and inclined arch action; simple vertical beam 
action; some horizontal beam action; and cantilever action. prin- 
ciple least work, all these different forces work proportion their 
relative efficiencies rigidities. all these resisting forces marshaled, 
one may perhaps cease wonder that arch dams have not failed. 

Considering the dam simply supported the base, the deflection due 
gravity action can determined with close degree approximation, 
starting from the resultant pressure curve constructed considering the 
weight the masonry, the water pressure, and reasonable allowance for 
uplift. The proper allowance for uplift depends the character the 
foundation. Some engineers (though probably few) advise allowance for uplift 
equal the full static head the base the dam, or, other words, that 
the dam floating water, which impossible. Other engineers advise 
allowance for uplift equal the full static head the up-stream edge, 
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decreasing zero the down-stream toe the dam. This more reason- 
able; but the writer the opinion that more than necessary many 
cases. 

Where the foundation sound, solid rock, where dense concrete used, 
and thick layer soft mortar spread over the surface the rock before 
the concrete placed, allowance for uplift equal half the static head 
the up-stream edge the dam, decreasing zero the toe, better the 
ground-water level the toe, the ground-water level above the toe the 
dam, will prove sufficient for full gravity section dams. 

arch dams, horizontal arch action and vertical uplift act right angles 
each other. Therefore, theoretically, uplift does not directly affect horizontal 
arch action. Practically, however, uplift diminishes the efficiency gravity 
action and thereby throws more work arch action. Owing the probability 
little tension the up-stream face arch dams before much arch action 
becomes effective, allowance for uplift arch dams should fully much 
for full gravity sections. The engineer must use his judgment how 
much allowance should made for uplift any special case. 

The writer believes that the allowance for ice pressure there has been 
tendency sometimes over-estimate its importance. well known 
principle physics that pressure produces heat, and the melting ice 
pressure applied the familiar demonstrations the principle. 
through rise temperature, severe pressure, acting slowly, should caused 
ice, the latent heat developed the point contact would tend soften the 
ice and relieve the pressure. special cases, allowance for ice pressure may 
desirable, but most instances, special allowance necessary. Any 
possible ice pressure will sufficiently cared for the usual factor safety 

Before constructing the resultant pressure curve, load curve should 
assumed for the gravity action the individual horizontal sections into which 
the dam assumed divided. The assumed load should such 
that the moments would show practically tension the up-stream face 
the such that the greatest efficiency will result the resisting forces 
the principle least work. Two three trials will probably necessary 
obtain the best results. 

For convenience interpreting results, percentage curve can used, 
constructing convenient scale, rectangle the back the section 
the dam, that with horizontal lines drawn from each the joints con- 
sidered, the total length the line ordinate will represent 100%, the 
total load each joint. The best percentage load curve for gravity action 
will not vertical line, but curved line. The center pressure for each 
horizontal section into which the dam assumed divided must deter- 
mined, order obtain the moments from water pressure. The depth 
the center pressure for each section, from the surface the water top 
the dam, can determined the well known formula, 
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which depth from the surface the water the top the section 
considered, and depth from the surface the water the bottom the 
section considered. subtracting the result obtained this formula, from 
the height the dam, from the distance from the base the dam the 
surface the water, the moment arm for each section, with center moments 
the base the dam, will given. These moment arms grading off 
gradually for equal heights section, are easily checked first and second 
differences—second differences for the upper half dam, and first differences 
for the lower half. 

will convenient have first, the moments the water pressure 
each section for the total water-pressure load, from which the moments for the 
percentage load curve easily follow. will helpful checking remember 
that with the center moments the base the dam, the moment water 
pressure greatest the center the dam—the moments grading off 
gradually toward the top and equally from the center toward the base. 

When the percentage load curve has been adjusted that the overturning 
moments not produce appreciable tension the up-stream face the 
dam and the resultant pressure curve for gravity action has been constructed, 
the extreme fiber stresses the down-stream and up-stream faces the dam 
each joint can determined from the nearest edge distance from where the 
resultant pressure curve cuts the joint. 

The well known general formula for the greatest unit pressure is: 


which 


the greatest unit pressure; 
the normal component all the external forces acting; and 
the depth the joint, thickness the dam the joint. 


This general formula can simplified considerably for special cases. 

Having found for each section the maximum unit fiber stress, which will 
generally the down-stream face the dam, the unit stress the opposite 
face follows substituting for the formula, the longest edge distance 
from where the resultant pressure curve cuts the joint, from similar 
triangles, assuming, course, that the stress varies uniformly across the 
section. the resultant pressure curve falls outside the “middle third”, the 
opposite face stress will tension. 

Assuming suitable elastic modulus for the concrete and considering the 
bottom section the dam, the shortening the down-stream and up-stream 
faces resulting from the compression can found the usual way; or, little 
easier, taking the difference between the compression the down-stream 
and up-stream faces the section, the shortening that would cause deflection 
the top joint the section easily follows. The deflection equals the shorten- 
ing multiplied the height the section divided the thickness the 
base. This deflection the bottom section only can extended simple 
proportion through the different sections and the top the dam. 
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Proceeding second section from the bottom, the deflection this section 
from the normal the bottom section can determined similar manner. 
Similarly, the deflections throughout the height from all the individual sec- 
tions can determined. The algebraic sum all the different sectional 
deflections will give the total deflection the different elevations the gravity 
section. 

the resultant pressure curve near the top the dam falls the up- 
stream side the center line the dam, owing differences batter the 
up-stream and down-stream faces the dam, the top sections where the 
resultant pressure curve up-stream from the center line the dam will have 
slight minus up-stream deflection. This, however, greatly over- 
shadowed the much larger down-stream deflections the individual sec- 
tions lower down. that the resultant deflection curve with reservoir full 
will generally down stream from the normal. When the reservoir empty, 
there initial up-stream deflection considered, the unit stresses 
from weight will greater the up-stream than the down-stream face, 
due differences batter the two faces. 

The deflections from arch action must the same the gravity sec- 
tion, because they are the same structure. Knowing the deflections, the cor- 
responding unit stresses that would produce them can determined from 
Smith, Am. Soe. E.,+ transpositions. 

The Woodard formula is: 


cota, 


which, 
the crown deflection 
the shortening the arch under compression; and 
one-quarter the subtending angle the arch ring. 


will found that although the actual deflections the different sec- 
tions vary greatly from top bottom the dam, coefficient deflection, that 
is, the multiplier the unit stress, nearly constant for the different sec- 
tions and for the usual subtending angles. Probably quite nearly constant 
the elastic modulus would be. 

Short-cut methods, therefore, can used special cases. For instance, the 
writer found that for dam with radius extrados 275 ft., the deflection, 
inches, was about the unit stress, tons, for arch action. This gave 
simple and quick way comparing the results variations the load curve 
and dam section. the deflections are known, the unit stresses easily follow 
and vice versa. 

Deflection caused drop temperature can investigated similar 
manner, the temperatures the different parts the dam can deter- 


mined. The author’s suggestions for more data the actual deflections 
“Analysis Stresses Lake Cheesman Dam”, Silas Woodard, Am. Soc. 
E., Transactions, Am. Soc, E., Vol. LIII, 108. 


“Arched Smith, Am. Soc. E., Transactions, Am. Soc. E., 
Vol. (1919-20), 2027. 
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arched dams might well applied also for more data temperature measure- 
ments dams. means the simple methods outlined, but with few trials, 
almost any the properties any assumed section for dam can deter- 
mined with sufficiently close approximation for practical purposes. The 
accuracy the well known cylinder theory applied thin cylinders unre- 
strained the base easily demonstrated. When applied thick masonry 
dams, restrained the base and competition with more efficient resisting 
forces, however, has its limitations. Nevertheless, the simple cylinder theory 
for arch dams too useful for preliminary work and approximate estimates 
scrapped present. can made simple and attractive short-cut 
methods for application special cases, for approximate results. 

For instance, illustrate its great simplicity application special 
cases: the radius the extrados the arch 320 ft., the stress, tons, 
the cylinder theory, any horizontal arch slice ft. thick, depth 
ft. from the surface the water, would be, stress the 
radius 160 ft., would be, This illustrates also the importance 
small radius for the arch, practicable. 

Even for approximate purposes, the cylinder theory must used with 
judgment and with low unit stresses compression. the unit stresses 
vary from little less than tons per sq. ft. maximum not more 
than tons per sq. ft., the different horizontal sections the dam, the 
results will probably safe and not extravagant. However, more accurate 
methods for important matters should also used the interests economy 
and certainty results, the author has suggested. 

has been intimated somewhere that wedge action the chief resistance 
the bottom portions the arch dam. curved wedge, however, essen- 
tially arch. The faces the wedge cannot slide wedge-like the sides 
the valley, but are cemented the rock. logical assume, pure 
horizontal arch action, that the bottom horizontal arch slices are free slide 
each other, assume that the slices higher are free slide. Prac- 
tically, none them actually does slide and cannot slide. Shearing strength 
sufficient prevent that. The fact that arch action the bottom por- 
tions the dam, outclassed more efficient resisting forces. 

The writer the opinion that tension the up-stream face arched 
dams should limited maximum about lb. per sq. in. Generally, 
the dam would cemented into the rock bottom the up-stream edge 
depth several feet, which would give some shearing resistance and permit 
small allowance for tension the up-stream face. should noted that 
there comparatively little opportunity for arch action, until there 
little tension the up-stream face the dam. The percentage the load 
that would arch action depends the conditions. Without 
tension, however, extrados 275 ft. radius, considered the writer, 
would about 70% the top, dropping down rapidly about 10% mid- 
section and less than near the bottom. 

Arch action most efficient the top dam. Cantilever action 
least efficient the top. Simple vertical beam action, carrying some bot- 
tom load the upper horizontal arches well much more into the rock 
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bottom, utilizes arch action where most efficient. Gravity action the 
most efficient all the middle sections and takes care much the greater 
part the load. Where the cross-section the valley rather flat 
V-shape, flattening out the top, will generally economical locate 
portion the ends the dam tangents the main central arch. The 
radius the arch should made small practicable, the stress being 
directly proportional the radius. 

Shortening the radius dam the constant radius type tends bring 
the ends around parallel the contours the sides the valley. Making 
portion the ends tangents the main central arch tends cut the 
contours more nearly right angles and shortens the dam. These tangents, 
course, should full gravity section; but the top the arch dam has 
substantial, practically full gravity section, would work nicely 
the shallow ends. 

The constant radius dam with tangent abutments approach toward 
the ingenious “constant angle dam” Jorgensen, Am. 
The “constant angle dam” will generally more economical material; but 
nearly all the surfaces stream and down stream are substantially warped 
surfaces, the construction difficulties are slightly greater and the appearance 
generally less pleasing. The “constant radius dam with tangent abutments” 
between the “constant radius dam” and the “constant angle dam”, and 
likely the most satisfactory many cases, all things considered. 

Topographical conditions, course, would determine the most suitable 
type dam for any particular location. the radius the arch increases, 
due topographical conditions, the reduced gravity section approaches the 
full gravity section, and when the radius much more than 300 ft., the 
length more than would subtended angle the center about 120°, 
full gravity section would probably advisable. 

There question but that straight gravity dam, with good 
good materials, and workmanship can made entirely safe. the arched 
plan costs materially more, due increased length, any other reason, 
could not general justified. If, however, the arched form costs more 
than the straight gravity dam, would undoubtedly justified, giving 
added insurance against failure, because if, for any reason, gravity action 
fails, arch action stands by, competent the work. Ordinarily, however, 
arch action does not get much opportunity work until there some ten- 
sion the up-stream face the dam. This particularly true for the 
bottom portions where arch action surpassed and greatly relieved more 
rigid resisting forces. 

The writer trusts that the author’s appeal for data the deflections 
dams will produce results; and that will continue his good work de- 
veloping and simplifying mathematical expressions for the properties arch 
dams. Measured deflections value must taken with great accuracy. 
The striking feature about the matter the relatively minute deflections 
compared with the enormous forces involved. 
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Discussion* 


shown wide grasp complex subject, and his masterly treatment not 
surprise those who are familiar with his professional work. Supplementing 
the statement improved methods used cadastral engineers field work, 
some the methods that have been used the writer may interest. 

Several direct altitude observations the sun for azimuth may taken 
few minutes, but hold field party while they are being reduced 
trying experience for one who endeavoring accomplish something more 
than just the taking observations. One method used avoid reductions 
the field take series direct observations the sun each afternoon 
and reduce them camp. This makes reliable check the results ob- 
tained the use the solar. 

large part the calculation before leaving camp, follows: 

The time and place starting work generally known, and the latitude 
the place and declination the sun may obtained, therefore, the 
formula, 

sin 
the functions can arranged for the entire reduction, except the 
cos and tan which may done quickly the field after taking the 
observation. 

plat the lines surveyed certain day may prepared, show- 
ing each minute latitude with its log cos and log tan, well table 
the declinations the sun for each hour with log sin. When the data are 


Discussion the paper Howard Richards Farnsworth, Assoc. Am. Soc. E., 
continued from January, 1922, Proceedings. 
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arranged this manner, easy interpolate for fractional part 
mile for fractional part hour. After observation taken, the 
only additional reference the tables for cos and tan 

For all practical purposes, may assumed that the ratio the differ- 
ences the vertical angles the differences the horizontal angles con- 
stant for one set observations when the time elapsing between the taking 
the first and the last observation only few minutes. When several observa- 
tions are taken, before selecting those reduced, find the differences 
vertical angles and the differences horizontal angles. Then, obtain the 
ratio, divide one the other and select those for reduction that agree the 
second third decimal place. this way, erroneous observation may 
eliminated and not used vitiate the entire set, the case when the 
mean set used the reduction. 

When the sun, moon, planet, star due east west the observer, 
said the prime vertical. The altitude and hour angle may 
obtained the following formula: 

Let hour-angle. 

latitude. 


declination. 
altitude. 
Then 
sin 


The sun comes prime vertical northern latitudes only when its 
declination north; therefore, the method can used for solar observations 
only for part each year. 

With accurate local mean time, would possible use tabulation 
the azimuth the sun made for each min. time. 


(by purely technical side this sub- 
ject not the writer’s line; however, during the eight years that was Com- 
missioner the General Land Office, gave much attention its legal and 
practical aspects, from the standpoint results and Governmental policy. 
shown the author, was largely during this period that the practical 
experience previous years became crystallized into settled and established 
principles and practice. The correct position the “line fence” has always 
been prolific source controversy and litigation. When considered 
that, result error, obliteration, fraud, condition uncertainty 
property lines often affects large areas, frequently great value, and, 
further, that the public land States the survey lines usually constitute the 
boundaries political sub-divisions, the necessity and importance reducing 
the re-establishment lines and corners scientific system, legal and 
practical its operation, becomes once apparent; this, the General Land 
Office has worked out, not theory only, but applied literally thousands 
actual cases the field, presenting every conceivable complication. 


Denver, Colo. 
Received the Secretary, January 13th, 1922. 
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should not concluded, however, from this that any engineer with good 
general training and “Manual” competent execute acceptable re- 
surveys; probably branch engineering work are practical experience 
and good judgment more necessary. 

The writer has criticism offer the paper other than point out 
that the chart (Fig. 1), page 407,* and the text relating thereto, rather 
overstates the importance and position the Division Surveys, com- 
pared with the field organization, the two branches being co-ordinate under 
the Commissioner. would like, however, emphasize one aspect the 
subject not generally appreciated, namely, that official Government land 
surveys there exists unique combination legal and engineering functions 
hardly ever found connection with any other engineering activity. 
rectly and legally made and approved, official survey fixes and determines 
legal rights; otherwise, the operation fails its purpose. The first essential 
such survey lawful authority. The order and instructions for such 
survey must emanate from the proper source; the work must performed 
pursuant law officers qualified legally well professionally; and the 
completed work must likewise receive the approval the proper officers 
the Government. The legal and engineering features are thus inter-related 
and one without the other renders the survey ineffective, being 
the contemplation the law survey. When comes re-surveys, this 
matter legality action taken and methods pursued, becomes doubly im- 
portant, because the inherent coniplications and because the work must 
stand the scrutiny the Department and, litigated cases, the Courts. 
follows that the closest correlation the legal and engineering branches 
the work necessary for practical operations; this and has 
been for more than century, through the field and office organizations 
the General Land Office, pursuant the laws Congress. 

The consideration the legal aspect official surveys suggests further 
observation deemed pertinent this time. Much being said about 
the re-organization Government departments and bureaus, with view 
avoiding duplication and correlating activities; among other things, 
urged certain quarters, that all surveying and map-making activities 
the Government consolidated single bureau, and this end, 
proposed separate the land-surveying branch from the General Land Office 
and place the proposed “engineering” bureau. From the foregoing, 
apparent that such course would result the destruction perfectly 
logical and necessary correlation activities, order create one name 
only. Although analysis other factors affecting the matter, such the 
primary purpose land surveys distinguished from other surveys, the 
percentage the completion the land surveys the country compared 
with others, the bearing and importance the records all former surveys, 
and economy and efficiency operation, furnishes ample reasons why the pro- 
posed change should regarded unfavorably, adequate conception the 
fundamental character official land surveys, such the writer has en- 


f 
q 
aq 
4 
4 
F 
: 


370 DISCUSSION DEVELOPMENTS CADASTRAL Papers. 


deavored point out, should itself sufficient. Whatever justification 
there may for re-allocation other Government activities, the entire 
matter land surveys should remain part the General Land Office, where 
has always been and where belongs. The only material change the 
existing plan organization requiring action Congress, which, the 
writer’s opinion, would conducive efficiency and economy land-survey- 
ing operations, would (a) abolish the offices Surveyors General and 
consolidate the work those offices the General Land Office Washing- 
ton; and (b) provide for one Supervisor Surveys who, under the 
tion the Commissioner the General Land Office, would have entire super- 


vision all land-surveying activities, both the Washington office and 
the field. 


(by writer will discuss this paper 
from the viewpoint the public land lawyer, who interested primarily 
the fact surveys rather than the means their accomplishment. This 
especially true the present instance, because the broad treatment 
the subject the author, which the limitations imposed applied science 
and the law the land are equally recognized. 

The assignment definite description which the locus tract may 
accurately known essential prerequisite its disposition the 
United States; but, until 1910, means this end had been devised, either 
the Legislative Executive Branches the Government, better than the 
contract system, under which the lowest bidder undertook the survey 
area accordance with instructions might receive from the Com- 
missioner the General Land Office. far any development high 
engineering talent the Department concerned, none could have been 
looked for under the old contract system, and practically none resulted. 
The employment the best skill possible charge the surveying unit 
the General Land Office could not reach beyond matters organization, 
for the execution the work ultimately went the successful bidder for 
the contract, whose first interest was the quantity his work rather than 
its quality. The accuracy the work performed under such conditions, 
subjected the tests that could used under the ever-increasing demand 
for public lands, was, the best, not susceptible reasonable demonstra- 
tion. This not say that the public land surveys during that period were 
not usually well made, only that they were not well made they would 
have been the hands National body engineers. 

The adoption the direct system once provided permanent founda- 
tion for the assemblage body trained cadastral engineers, whom 
could entrusted the duty executing the public surveys with the cer- 
tainty that the latest methods engineering science would the com- 
mand the Government. difficulty had been experienced securing 
satisfactory original surveys under the old system, goes without saying 
that such difficulties were many times magnified when serious problems 


Member, Board Law Review, Washington, 
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re-survey were encountered. The necessity protecting vested rights, well 
possible equities, the work restoration substitution, called for the 
exercise field control that was practically out the question under the 
contract system; therefore, while prevailed, legislation authorizing re- 
surveys was, effect, limited cases where the interests the Govern- 
ment were dominant. With the installation the direct system surveys, 
however, and the effective demonstration that the public service from thence- 
forward offered new field the trained surveyor, the value such body 
Government experts received recognition the hands Congress the 
Act September 21st, 1918 (40 Stat. 965). 

Under prior legislation, resurveys, for the most part, were only made 
order properly mark the boundaries the public lands remaining undis- 
posed of; but this Act for the express purpose furnishing competent 
means for the re-establishment boundaries land the title which had 
passed from the United States. 

The first fruits, then, the direct system surveys was certainty 
result, less cost the Government the matter original surveys, while 
the later result was the recognition disinterested scientific body engi- 
neers whom could referred boundary disputes, the Courts individ- 
ual land owners, and thus reduce the minimum the consequences un- 
skillful reckless field work that had received approval under the old system. 

With the adoption the present system surveys, became apparent 
that new “Manual Surveys” should provided for the Service, and 
this end special committee formed the Surveying Service the General 
Land Office, made careful study the situation, its necessities then 
existing, and the requisite provision for its future development. Practically, 
however, the relation the “Manual” the public surveys, the working 
instructions the Commissioner the General Land Office, who charged 
with all executive duties appertaining the survey the lands, the 
same under the new system under the old, and during the earlier period 
transition, changes procedure were covered special instruction, and 
was not until June 16th, 1919, that the first chapters the new “Manual” 
were issued. 

This apparent delay the issuance the new “Manual”, aside from 
giving the new system opportunity develop special needs peculiar 
itself, was also due pending legislation with respect resurveys, which 
finally took form the Act 1918. 

Although all the features the new “Manual” were given careful con- 
sideration from every viewpoint, technical, legal, and practical, when Chapter 
was taken up, the new field operations contemplated the Act 1918 
called for special care its preparation, and the final review its provisions 
prior adoption will long remain memorable occasion the participants 
the discussion. With the Commissioner the General Land Office presiding, 
officer familiar with the public land laws from every angle, the special com- 
mittee cadastral engineers, and three members the Board Law 
Review, each with not less than twenty-five years’ experience the adjudica- 
tion Federal land questions, the tentative contents the chapter were con- 


e 
4 
| 
TRS 


372 DISCUSSION DEVELOPMENTS CADASTRAL 


sidered and discussed line line through repeated sessions many hours’ 
duration, with the intent that not only should the public service receive the 
benefit the last word the science land surveys, but that the vested 
interests and equities land owners should duly protected under the 
law construed the Courts last resort. 

curious comment the story public lands and their disposal, 
that was not until the greater part them had been surveyed, and passed 
out Federal ownership, that provision was made which the officer charged 
with their survey was really equipped with statutory authority in- 
sure accuracy the work. This page, however, the story beyond recall, 
and well is, for the protection those who have taken title under the old 
system, that the protection their boundaries not left the tender mercies 
the contractor. 
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BUCKLING ELASTIC STRUCTURES 


Discussion* 


ably the most thorough treatise that the writer has seen the theory 
combined buckling and “cross-bending” columns and slabs. The general 
theory applicable other structural forms, interestingly demonstrated, will 
also appreciated all studerts mechanics structures. The author 
commended for indicating and illustrating the extreme usefulness one 
the best tools higher mathematics, the Fourier series, the solution 
problems encountered engineering design. 

gratifying note that the author has proven the formulas general 
use for designing columns (Formulas (2a), and (2b)) the safe side 
considerable margin, except the case fixed end columns and dis- 
tributed side loads (Case IV, Formula (5)). However, designers will 
dimension the columns the basis maximum transverse moment, which, 
the case fixed beam, occurs the ends, will seen, comparison 
with the author’s Formula (6), that the use the “approximate” formulas 
results safe structures. 

All the author’s examples refer the particular cases where “orthostatic” 
loading increases the effect “astatic” action. is, however, case, 
often met practice, where the opposite true, namely, upright thin 
drum supporting vertical load and being filled with gas 
liquid exerting greater pressure the wall than that the surrounding air 
liquid. The writer proposes show the derivation formulas for such 
loading. slightly modified presentation Professor 
Forchheimer’s solution, published little known pamphlet,§ will given. 
First, the equilibrium conditions cylindrical drum supporting only ver- 
tical load will derived, and then the influence inside and outside pressures 
will demonstrated. 


Discussion the paper Westergaard, Esq., continued from January, 1922, 
Proceedings. 
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A.—Buckling Upright Thin Cylinder Under Load Distributed Along 
the the author, thin cylindrical shell tubular strut may 
buckle into double-curved surface under the influence compressive load 
parallel the axis” (page 460).* This form failure will treated the 
writer, not the assymetrical buckling investigated Lorenz his paper 
referred the author’s Bibliography, Part VII, Section (page 532).* 

Fig. 16, let the circle drawn full line represent the horizontal section 
vertical drum stiffened top and bottom, the radius, being assumed 
large compared with the thickness the shell, and let the dotted 
elliptical line the same section after the drum has deformed under the 
influence compressive load distributed uniformly over the rim the 
cylinder. Fig. vertical section the shell, the full lines representing 
the unstressed wall perfect cylinder, the dotted lines the deformed wall 
along Diameter A-A, and the dashed lines the deformed wall along Diameter 
B-B. assumed that the shell consists large number independent 
vertical strips, evident that, should horizontal thin band welded 
around the drum, this band would pushed radially outward between the nodal 
points, N’, and radially inward between the points, and N’, 
proportional the distance the elliptical contour from the original 
one (Fig. 16). 


17. 


Consider ring unit height, sectional moment inertia, modulus 
elasticity, subjected forces the character described. Denoting with 
the (unknown) maximum pressure intensity, the unit pressure any point 
the ring can then expressed by, 

which the angle between the vector and the radius, 


and moment, yet unknown. 
the point where the moment all pressures between and 
will be: 
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or, dropping the subscript, 


vo 


which the moment the reaction, and should added. The 


total amount, therefore, the point, will be: 


According the deformation ring generally follows 
the law: 


Substituting the value from Formula (163), have the differential 
equation: 


(y =— M, 3 p r? sin? 


the integral which is: 


9 


which and are the constants integration. 
hypothesis (Fig. 16): 


can now solved applying the condition that the length the 
the ring remains unchanged when the shell deformed, 


The change the length due the deformation the shell, neglected. 
This permissible because this deformation, compared with the radius (which assumed 
very small before failure occurs. Consequently, the forces, cos 
are also small, 


Comptes Rendus, Vol. (1883) 843. 
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that is, 


which value, substituted Formula (165), results 

representing the deformation ring radially loaded with forces, cos 
Consider, now, vertical strip the drum shell, unit width 

and length (or height) which buckles under load, Such 

buckling will resisted the horizontal rings with forces pro- 

portional the deformation the vertical strip. assumed 

that the cylindrical wall the drum able turn freely (in 

other words, hinged) the top and bottom about the stiffening 

rings. From the theory buckling columns, follows that 

the strip will deform into half wave sine curve (Fig. 18), 

and, denoting the maximum intensity the resistance 

exerted the rings, the unit pressure resisting the buckling 

height, above the base the strip given by: 


sin 
The reactions the top and this strip, corresponding these 
horizontal forces, will be: 
The total moment the point, 


1 


— Q (168a) 


With the notation used, the differential equation the elastic line becomes, 
2 2 
the solution which, considering that must vanish for both and 


Now, hypothesis, 
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and Formulas (167) and (170) identical, therefore, 
from which the critical load which can supported the unit length the 


the thickness the shell then and Formula (171) becomes, 


will noted that Formula (171) reverts the well known 
Euler formula for columns hinged the top and bottom. The influence 
Poisson’s ratio was neglected the derivation Formula (171), that the 
value slightly the safe side. 

Upright Thin Cylinder Under 
Load Distributed Along the Rim and Supporting Uni- 
form Radial Inside ring unit height 
previously considered assumed support inside radial 
forces constant intensity, p,, the magnitude which 
large compared cos This inside pressure re- 
contour and, therefore, acting with lever, 
the displaced elements the deformed ring, Fig. 
19. The moment equation, Formula (163), therefore, 
changes to: 


and the differential equation the elastic line to: 
integral Formula (173) can written 


which can readily proven forming and substituting this and the 


expression for the left-hand member Formula (173). 


The condition that the length the quadrant remains unchanged will give 
the value M,: 
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from which, before, 


and, finally, 

Formula (175) holds simultaneously with Formula (170), 


y= 


which, again, sin identical with the forces, cos developed the 


ring and resisting distortion; the inside pressure, p,, equilibrium with the 
tangential tension, Therefore, eliminating between Formulas (170) and 
(175), and solving for get: 


indicating, comparison with Formula (171), the substantial increase the 
critical load which can supported the rim drum when inside pres- 
sure acting. 


terms the thickness the wall: 


Upright Thin Cylinder Under Load Distributed Along 
the Rim and Supporting Uniform Radial Outside outside pres- 
sure intensity, will produce tangential compressive force, 
the ring. The critical load which can supported the drum, the same 
reasoning demonstrated, Section can written as: 

or, terms the thickness the shell, 


This formula shows the decrease the supporting power drum 
tubular strut when under outside pressure, and also shows that buckling 
may occur even though vertical load applied, if, 


and, terms the thickness the if, 
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cylinder length, without stiffening rims, must behave the same 
manner one infinitely long with stiffened ends; substituting 
Formula (178), get, for the buckling load cylinders with outside radial 
pressure, 


which simple formula was first given 


Am. Soc. (by paper enriches the 
science column with new formulas and new views well 
new terms. The writer believes legitimate criticism the paper 
state that does not offer much help the practical designer. Only few 
men the profession, outside the colleges, will able follow this paper 
even understand and use the formulas derived. 

The writer has searched the paper for formula that would give the 
theoretical collapsing pressure thin tube subjected external pressure, 
but could not find it, although the Synopsis holds out the promise that this 
problem, among others, solved. 

example the problem that faces the designer, take Table 
which the relation between the total moment column subject bending, 
the moment from bending alone given. Here one finds that certain 
fraction the Euler load exerted endwise column, will increase 
definite ratio any moment due lateral loads, regardless what the moment 
from lateral load may be. know this useful has application 
practical design, but what the designer wishes know is, what end load 
what side load may allowed against column and still safe the 
design. also wishes know what class columns Table should 
applied. 

For example, factor safety the Euler load used the 
case hinged end column with center side load, the moment due the 
side load will increased per cent. Will the column safe? Or, suppose 
the column slender and factor safety 1.8 considered sufficient, the 
end load will double the moment from the side load, regardless what that 
moment may be. European engineers use the Euler formula for designing 
columns with factor safety America many long derrick booms 
are designed that have actual factor safety 1.5 and the weight 
the boom furnishes the lateral load; the dead end the boom line may 
attached the middle the boom, and the upward may exceed the 
boom weight. 

Between these two extremes there must medium that represents safe 
and design. The European practice using the Euler formula 
with factor safety cannot defended; because the Euler formula does 
not give even approximation the ultimate strength permissible struc- 
tural and factor safety for slender columns, where the 
Euler load does apply, entirely too large and results waste material. 


Comptes Rendus, Vol. (1883), pp. 844 and 1131. 
Structural Engr., Robert Hunt and Company, Pittsburgh, Pa. 
Received the Secretary, January 12th, 1922. 
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the author points out, there not start failure slender column 
until the Euler load nearly reached. therefore, should there such 
wide margin between the working load and the ultimate? permissible 
structural columns there actual unit stress which good fraction the 
actual elastic limit the metal, therefore, the factor safety should 
some magnitude take care overload and the so-called fatigue the 
metal. slender columns, the actual unit stress under factor safety 
may little one-fiftieth the elastic limit less. This one 
the cases pointed out Professor Westergaard, where increased load and 
increased deflection are not directly proportional. There sudden jump 
the ultimate. 

the utmost importance that designers should familiar with the 
following facts concerning column design, namely, the inapplicability slender 
column formulas short columns and the equal inapplicability formulas 
for short columns the design long columns. The author does not dis- 
tinguish between short and long columns, nor does state that the formulas 
given have application chiefly, not solely, slender members. Increased 
deflection slender columns gives rise increased bending moments due 
the endwise load. admissible structural columns, however, the deflection 
due externally applied loads small. 

The author does not recognize nor provide for imperfections columns. 
the writer’s judgment, treatment the strength columns can 
definite value, which does not recognize the fact that columns are imperfect, 
and the imperfections have great influence their strength. Perfect col- 
umns, perfectly loaded, would have strength greatly excess commercial 
columns, loaded the manner feasible practice; this refers structurally 
permissible columns and not slender members. Furthermore, the nature 
the imperfection assumed must possible one that defended. 

The Gordon formula for columns based the assumed imperfection 
the column. The imperfection bow deflection the column directly 
proportional the square the length and inversely proportional the 
depth the column cross-section, and this imperfection “frozen” the 
column, that is, deflection due application the end load 
ignored. Let these assumptions examined. For example, suppose column 
ft. long, has offset 0.2 in. the length. This column 
might pass for straight. Now, take column the same cross-section ft. 
long; agree with the Gordon formula the deflection would 100 times 
great, in. This column would bowed, and the imperfection would 
great that the case would not classed simple column action. 
this case, what the author points out being true some cases, namely, 
that stress not proportional load, prime importance. 

coefficient determined test short column, for insertion the 
Gordon formula, would give value based compressive strength the steel, 
and elasticity buckling the column whole, would have little effect; 
whereas coefficient for slender column would controlled entirely the 
properties the steel, the properties beyond the elastic limit having 
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effect whatever. Obviously, agreement could possibly exist between 
these two columns that formula the Gordon type could reconcile. 

great deal the column mathematies useless, because fails 
recognize column facts and deals solely with the theory the ideal column. 
Any chart tests columns will show that definite column formula for 
the ultimate strength column impossible. The wide variation between 
test results columns similar properties the proof this. 

The writer has published* paper the strength columns, which, 
effect, gives rational derivation the straight-line formula. The formula 
derived, though complex, has locus that coincides almost exactly with the 
commonly used straight-line formula for ratios permissible structures. The 
only assumptions are that the unit stress the extreme fiber the column 
lb. per sq. in. and that the column imperfect. The imperfection 
bow the axis the column, the offset being the column length. 
Increased deflection due endwise load taken into account the author 
has done his investigations. This article re-printed the writer’s book, 
“Steel Designing”, and believed the only attempt demonstrate the 
straight-line formula rational formula. The author apparently did 
not consider this paper sufficient merit mention his Bib- 
liography. would seem that demonstration the rationality the 
formula used universally America for columns, would worthy 
recognition only prove its falsity falsely derived. 
just important point out the errors the literature the sub- 
ject emphasize the merits. 

the Synopsis the paper, the fact recognized that straight, homo- 
geneous and elastic column will reach point where bends out suddenly. 
This called the critical value. the body the paper, shown that 
this point sudden bowing the Euler load. the “Introduction” 
stated: 

“The neutral equilibrium, maintained this constant critical load through- 
out continuous range increasing deflections, the criterion pure buck- 
ling. The load may increased beyond the critical value which the 
bending ordinarily begins, and still the column may made remain 
equilibrium undeflected state.” 

The condition column the Euler load, the author “stable 
neutral equilibrium.” 

With this quotation from the “Introduction”, and with the idea that 
column the Euler load stable neutral equilibrium the writer cannot 
agree. great importance that made clear that the Euler load 
column has reached its absolute ultimate load and not any kind 
equilibrium. That column equilibrium the Euler load carries with 
the idea reserve strength, but can proven mathematics that the 
Euler load the ultimate load that column can sustain. 

The common derivation the Euler relation finds that for any assumed 
deflection, the column remaining elastic, there theoretical 
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tween the internal resistance and the applied load. From this, asserted 
that the column sustaining the Euler load any assumed deflec- 
tion. The truth that this merely the history the failure the column. 
When the Euler load reached, the column begins deflect measurably, and 
continues deflect without load. Nothing could prevent the con- 
tinuance this deflection, after once started, unless should some 
other means support for the load, and this not admissible. There 
nothing therefore prevent the failure the column. 

The proof, referred this: Assume column with hinged ends and 
having bow with infinitesimal offset—a straight column mathematically 
speaking. the curve this assumed bow sine curve. Calculate the 
endwise load that will double the assumed infinitesimal bow, which load will 
double the bow infinite number times, and the Euler load. This 
multiplication the infinitesimal deflection means finite deflection and fail- 
ure. Thus, absolute proof, the column shown have reached its 
ultimate load. There room here for the conception equilibrium. 

The author asserts, however, that the column may assume curve made 
number half-waves instead one curve, which would mean that the 
column perfectly regular its imperfection, and would possess tendency 
bow one direction for segment its length and the other direction the 
next segment, and throughout its length. The points inflection would 
have the same distance apart, and that distance, exact multiple 
the column length. The deflected segments would have deflect the same 
amount, otherwise, there would not balance between the several segments 
points inflection, which would set unbalanced forces and cause lateral 
motion. There nothing the nature columns warrant the assumption 
such impossible conditions. 

The author states the quotation given previously that the column may 
made remain equilibrium undeflected state with load beyond 
the critical value which the bending ordinarily begins. this means that 
the column may made carry more load supplying lateral support, 
immediately placed another class, where the formula has application. 
fact, there other way make column that has reached the Euler 
load, carry any more load except supporting the column laterally, and 
thus vitiating the formula regards that column. 

The writer finds that few designers have any conception the strength 
slender columns and the application the Euler formula the propor- 

columns. The reason for this doubtless the character the 
common mathematical treatment books and papers columns. An- 
other thing that has great influence the same direction emphasis the 
formulas and tests for structurally permissible columns. All may 
summed the failure writers differentiate between slender and short 
columns, the failure point out clearly the difference between their action 
under load, and also that the zone where slender and short columns meet 


overlap, the characteristics each action must properly considered and 
combined. 
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Mathematical writers have been too assiduous their quest for perfect 
column formula. Nothing but perfect column would approximately measure 
their formula, particularly structurally permissible column. 

The “whip formula”, presented the writer’s book, comes about near 
passing through the middle any group tests any curved-line formula 
use. Since the handle the whip, the straight portion, the only 
part that concerns structural designers eminently proper that simple 
straight-line formula should used for structural members. example 
how column tests group themselves around straight line has been given.* 

Designers airplane struts and transmission towers deal with slender 
columns, and important that their characteristics should receive the at- 
tention the Profession. Only recently the writer’s attention was called 
designs transmission towers where high unit stresses were used columns 
because the special quality the steel. Theory demonstrates that slender 
compression members, carbon steel has little advantage over soft steel, 
the modulus elasticity the only factor affecting the results. Tests 
also demonstrate the same thing. 

The writer unable understand the author’s formulas for square slabs 
supported four edges. page 480,+ the intensity the moment such 
slab given 0.042 other places, for example, Formula 
given 0.077 wb?. Still another value, page works out 0.037 wb? 


for square slab. 


page 478,+ stated that slab that square nearly square, 
greater moments occur along and across the diagonals the corners than 
the center. How can slab subject bending when and where 
contact hypothesis, with rigid and straight support? the corners, the 
slab contact with the supports, and could not bend either the direction 
the diagonal transverse with it. Surely one would reinforce slab 
against bending the corner, where there could deflection whatsoever 
and, therefore, stress the any conceivable force could 
split the slab the corner, diagonally, pinch off the corner, what measurable 
effect would have the slab whole? 

the Bibliography, the author neglected mention some useful and 
practical tests the collapsing pressure tubes subject external pressure, 
which were made Mr. Stewart, the University Pittsburgh. 


Figs. and Engineering News-Record, March 10th, 1921, pp. 431-432. 
Proceedings, Am. Soc. E., November, 1921. 
Transactions, Am. Soc. Mech. Engrs., May, 1906. 
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its publications, 


WINTER OVERFLOW FROM ICE GORGING 
SHALLOW STREAMS 


Discussion* 


exhibited ice and ice formation are great material interest hydraulic 
engineers and especially where their work altitudes latitudes 
ciently high make trouble from ice formation matter annual occurrence. 

spite the valuable research work already done, there room for 
great deal more, and contributions the knowledge the subject are wel- 
come addition science. 

The modus operandi, and effects ice formations are still obscure, 
many phases, notwithstanding its apparent simplicity. The formation 
the so-called frazil one subject which the last word has not been said. 
possible cool water temperature much below its freezing point, 
provided the water absolutely still, for example, glass jar. Sudden 
agitation shaking even inverting the jar will cause instantly congeal. 
similar action may sometimes noted when large quantities frazil float 
practically still water without solidifying. Very slight agitation, such that 
caused the sudden opening submerged valve, may result the in- 
stanteous freezing the whole into solid mass. 

Anchor ice forms the bed shallow streams; but shallowness 
relative term, since anchor ice has been observed under ft. water. 
similar formation sometimes occurs flumes, particularly those constructed 
metal concrete, and metal pipes, entirely exposed the atmosphere. 
Where the pipes rest earth, has also been noticed that anchor ice forms 
only the part exposed the air. will form under bridges the condi- 
tions are right. 

The size stones which times are lifted anchor ice astonishing; 
weighing lb. has come under the writer’s observation. might also 


discussion (of the paper Stevens, Am. Soc. E., published 
December, 1921, Proceedings, but not presented any meeting the Society), printed 
Proceedings, order that the views expressed may brought before all members for 
further 

Chf. Engr., Lethbridge Northern Irrig. Dist., Lethbridge, Alberta, Canada. 
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noted that these stones may get into all sorts unexpected places; one 
case, pear-shaped boulder became lodged the groove gate, and 
had broken before could removed. 

The statement that the transporting power water varies the sixth 
power the velocity needs qualification. First, refers bodies higher 
specific gravity than water; second, refers movement any kind, not 
merely floating apparent floating, such may occur with suitably shaped 
objects violent streams; as, for example, the locomotive which, serious 
witnesses were prepared swear floated the Johnstown flood. far 
ice, other light material concerned, the transporting power depends 
the depth. The eroding power water motion another matter. 

phenomenon, which observed rivers the “chinook belt” east 
the mountains, known over-flooding. The less turbulent streams usually 
freeze over more less completely, early the winter. the result 
continued cold snap, the discharge somewhat reduced and, consequence, 
the ice mid-stream sags perhaps several inches even feet. chinook in- 
creases the discharge rapidly quantity which the channel under the ice 
cannot accommodate, and result the water flows thin sheet over the 
ice and freezes. This results extremely thick ice, especially the edges, 
which prone remain solid long after the ice the center rotten. 
When finally does float away, excellent shape cause jams the 
first suitable place. one case, stream much used for skating, this 
phenomenon was regular afternoon warm days. Skaters going 
the river would meet thin sheet water about inch less depth 
flowing down. This water was always frozen the next morning; but the 
air was warm enough, that is, just above freezing temperature, would always 
recur about three four o’clock the afternoon. 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


WATER SUPPLY AND WATER PURIFICATION 
SYMPOSIUM 


Discussion* 


Assoc. Am. Soc. (by letter).t—In the past, 
the subject industrial water supply has not received the attention which 
rightly entitled. During recent years there has been decided change 
opinion coincident with the growing realization the dependence many 
industries water supply, and the effect that the quality the water has 
the operating costs such industries. Until comparatively recently only 
few industries gave serious consideration the quality their water supply, 
the man who, many instances, realized most forcibly the effect that 
quality, namely, the operating engineer whose coal bill was unduly large, whose 
boiler was pitted unduly, whose feed-water heaters and hot-water systems 
were destroyed within comparatively short time. 

Although true that the protection life the most important func- 
tion water purification plant and, general, the fundamental reason 
for its construction, the chemical effects the proposed system purifica- 
tion should carefully investigated before decision made, order that 
unnecessary burden may not placed the various industries that will 
use the purified water. The importance this feature and the frequency 
with which has been disregarded the older plants can realized con- 
sidering the number such plants producing more actively 
corrosive than the raw water from which was manufactured. also 
noted that the desirable qualities water for industrial purposes are 
not always the same those for purposes and that the quantities 
required for the former uses are far greater than for the latter, even large 
city. The use alum, for instance, increases the hard scale forming qualities 
water when used for boiler purposes. 

The methods reducing the damage caused industrial water supplies 
poor quality should not made more difficult ill advised treatment 


Continued from January, 1922, Proceedings. 
Engr., Water Companies, Philadelphia, Pa. 
Received the Secretary, January 7th, 1922. 
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designed render the water safe for domestic uses. Professor Whipple’s state- 
ment* that the elimination the corrosive qualities water and the purifica- 
tion water supplies for industrial purposes refinement, unwarranted, 
and, fortunately, to-day held decreasing number individuals. Cer- 
tainly one connected with the operation any industry that uses ma- 
terial quantity water will agree with such opinion. 

The classification waters and “quiet”, more commonly 
called “passive”, mentioned Mr. indeed helpful. too many 
cases active waters have been accepted without question, comparatively few 
users know that passive waters are obtainable, and, therefore, public sentiment 
lacking compel rendering the waters passive. Active waters constitute 
serious handicap any community required use them. The corrosive effects 
the destruction service lines, house plumbing, and hot- water piping, are 
important items expense the annual repair bills; after-coagulation also 
induced certain active waters. These effects reduce the capacity pipe 
lines serious extent, frequently causing the entire stoppage service 
lines. general, the writer believes that can safely said that those who 
are responsible charge progressive industrial plants seem realize the 
value soft passive waters far greater extent than the designers many 
domestie water-treating systems. This has been reflected the demand for 
water-treating plants for industries, which, many instances, use waters al- 
ready purified for purposes their raw water supply. 

Probably the most dangerous active waters are the Pittsburgh 
The value soft quiet water seems more clearly recognized there than 
anywhere else. Few unpolluted streams are available, practically all the larger 
watercourses carrying large volumes coal mine drainage, which render them 
acid continuously except during the periods the high spring run-offs. 
All the major water-using industries this District find necessary main- 
tain water-treating plants which are expensive operate, but, some cases, 
are able render the waters usable for certain purposes. the writer’s 
judgment, can safely said that from industrial viewpoint, treated 
water satisfactory substitute for naturally pure water supply. 

The larger creeks the Pittsburgh District, general, are seriously 
polluted that attempt made use them. one instance, certain 
used for condensing purposes. The tubes are acid-resisting bronze 
and the body lined with lead and cement. some instances, spite 
such precautions, these condensers have been destroyed within period 
three months. 

The Youghiogheny River flows into the Monongahela few miles above 
Pittsburgh and has drainage area sq. miles. acid practically 
every day the year, and has reached maximum grains per gal. The 
Monongahela River, the drainage area which 340 sq. miles, very hard, 
but, general, alkaline. Its hardness greatly increased during periods 
low flow and, such times, frequently becomes acid. This also occurs 


Proceedings, Am. Soc. E., December, 1921, 658. 
Ibid, 660. 
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following rise the river, due flushing the upper pools. safeguard 
many the steel mills which use this water for cooling their rolls, add lime, 
although, one instance, the quantity used approximately 100 000 000 gal. 
per day. 

The supply the City Pittsburgh, which taken from the Allegheny 
River, much better quality, but long ago 1912, the Managing En- 
gineer the Municipal Water-Works called attention the progressive low- 
ering the alkalinity this river and the eventual necessity for taking 
measures meet this situation. Since that time there have been very 
dry seasons. During the first year which protractive rain- 
fall oceurs, particularly should accompanied high temperatures, 
doubt serious difficulties will experienced the operation the Pitts- 
burgh filter plant. 

Although these acid waters are highly active, they are practically never 
used for industrial purposes without treatment, they would rapidly destroy 
boilers and all other structures with which they came contact. 
interesting note that, general, waters which are active, but acid free, 
not destroy boilers, the dissolved gases are eliminated rapidly. 
feed-water heater used, they are almost certain eliminated that 
point with consequent destruction the heater. example, can 
stated that the office building Philadelphia which the writer located, 
the hot-water piping was destroyed within comparatively short time and 
new piping now being installed, together with means removing dissolved 
gases, which hoped will eliminate the corrosion. 

The City Altoona, Central Pennsylvania, uses water supply that 
acid all times. This water practically impossible use for industrial 
purposes without extensive treatment, and exceedingly expensive main- 
tain the house plumbing systems. Meters have recently been installed all 
taps, and will interesting note the effect these acid waters the 
meters. has recently been proposed attempt correct this difficulty 
carrying the drainage from the coal mines, which contaminates the supply, 
below the reservoirs sewer. result installing meters, the city 
supply now has sufficient margin over the demand permit this done, 
and according recent newspaper accounts effort will made compel 
the mine owners pay for the cost this work, which was rendered neces- 
sary their mining operations. 

Legal actions protect the purity water supply from contamination 
-by coal mine drainage are also process Fayette and Westmoreland Coun- 
ties Pennsylvania. water company constructed storage reservoir and 
extensive system piping. Many years later coal mines were opened above 
the storage dam. The present litigation has been instituted the water 
company and allied interests effort prevent the destruction its 
valuable water supply and other properties. This case has been described 
the most important pending litigation Pennsylvania, and its importance 
further emphasized the fact that the Attorney General, acting 
the Commonwealth, has filed petitions for leave intervene. Argument 
has been held these petitions, but far decision has been rendered. 
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The quiet waters between the Alleghanies and Rockies are very hard, and 
those the softer Eastern waters, almost unbelievably hard. 
Recently, the engineer water service important Western railroad 
rather facetiously remarked that some these waters were hard that 
was customary analyze them for percentage moisture rather than for 
solids. 

most unfortunate that there to-day well established method for 
treating hard waters satisfactorily. The commoner systems use simply 
alter the solids solution, usually increasing them. Barium the most 
common chemical which produces double precipitation and consequent elimi- 
nation the electrolyte, but this treatment exceedingly costly and the 
soluble barium salts are poisonous under certain conditions, that general 
this method not available. the hardness high, use the water for many 
industrial purposes prohibitive without some form softening. This process 
does not remove difficulties any more than reduces total solids solution 
and, addition, the use treated water introduces many problems not en- 
countered using naturally pure supplies. the activity water due 
acidity, can neutralized the addition proper chemicals and greatly 
improved quality for industrial purposes. This benefit secured the 
prohibitive, the with many streams draining the extensively 
developed coal mining regions. 

The legal aspects stream pollution are the greatest importance and are 
now becoming more widely realized. The Legislative Act creating the 
vania Department Health, which Emerson, Jr., Am. Soe. E., 
Chief Engineer, states part: “This Act shall not apply waters pumped 
flowing from coal mines tanneries”, thereby eliminating the two industries 


which have caused the most serious pollution streams Pennsylvania. The 


presence vast areas high quality coal beyond question one the 
foundations the industrial supremacy and unthink- 
able that legislation should enacted, which would seriously handicap this 
vital industry. the other hand, there are few unpolluted streams left 
the developed coal regions Pennsylvania that something must done 
unless the future industrial development the State hampered. 
This condition has become serious times that railroads have been greatly 
delayed hauling the coal produced mines which polluted the streams, 
the water which used for boiler purposes, such extent, that all the 
available locomotives were out service for repairs. 

One the strongest laws the statutes Pennsylvania for the preven- 
tion stream pollution industries designed protect fish, and ad- 
ministered the Commissioner Fisheries. 1915, addressing the 
Pennsylvania Water Works Association, the Commissioner called attention 
the difficulties this Act reason the low penalties pro- 
vided and the unwillingness Courts impose these penalties even the 
most flagrant cases where conditions could remedied with comparatively 
little difficulty expense. During the last session the Legislature, un- 
successful effort was made amend this Act and raise the penalties 
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permit the law. result, industrial pollution will con- 
tinue unabated until least the next session the Legislature. Practically 
all forms industrial pollution streams destroy the fish life therein, and 
the effect this render the enforcement any the other 
laws designed protect the food and game fishes. This condition was partic- 
ularly apparent during the low water the summer 1921, along the Sus- 
quehanna River the vicinity Williamsport, when large numbers fish 
were killed. result, the average individual was unable see why 
should punished for taking few game fish illegally when industries de- 
stroyed many thousand times more fish without incurring any liability. Any 
law that not enforced menace, that leads disregarding the law 
other cases where the effects such disregard may even more serious. 
Another difficulty encountered the Commissioner his efforts prevent 
pollution the lack suitable means treat water contaminated various 
industries, chiefly coal mining. was stated that the managers many 
industries were willing install any system purification satisfactory the 
Commissioner, but method was then known has yet been developed, 
nothing was accomplished, and did not feel warranted closing down the 
industries until suitable method was developed. 

Referring again the Pittsburgh District, the Youghiogheny River which 
uniformly acid, has been devoid fish life for many years. The Mononga- 
hela said still contain few hardy fish which probably live the vicinity 
the mouths the purer tributaries. The Allegheny able support 
fish life, also the Ohio some miles below Pittsburgh, due the mixing 
the Monongahela and Allegheny. rise the Monongahela River, un- 
accompanied corresponding rise the Allegheny, will flush accumulated 
acid from the pools the Monongahela and far down the Ohio 
points where the waters are ordinarily acid free. The result this that 
large numbers fish are killed, and the occurrence this phenomenon has 
been reported far Cincinnati, Ohio. 

Several bills designed prevent the discharge oil and oil wastes into 
harbors and navigable streams were considered the recent special session 
Congress. Hearings have been continued and, undoubtedly, similar meas- 
ures will introduced into the present session, some legislation cer- 
tainly needed prevent this serious menace harbors and beaches: These 
bills are being opposed coal operators and manufacturers’ associations 
the grounds that they might considered applicable industrial wastes other 
than oil sludge. the latest hearing, held Washington December 7th, 
1921, Secretary Hoover testified length the seriousness the situation, 
recommending that present legislation passed applicable only the oil 
wastes. Conditions with respect other industrial wastes, stated, were 
different that they should thoroughly investigated before any action 
taken. The difficulties imposed communities and industries compelled 
use the waters polluted industries were not brought before the Com- 
mittee. the writer’s judgment, this proper field for the Society 
enter, and such action This could well take the form 
special committee “Industrial Water Purification and Stream Pollution”, 


- 
q 
| 


392 DISCUSSION WATER SUPPLY AND WATER 


and does not seem that any further recommendations than Mr. Hoover’s 
remarks should needed. 

Several years ago the Engineer’s Office Pittsburgh made ex- 
tensive investigation the acidity the local rivers, and result that 
investigation bill was introduced into Congress prevent the discharge 
acid mine wastes into navigable rivers their tributaries. Such drastic 
legislation, naturally, did not pass, but hoped that, the near 
future, some provision will made for the abatement what was once 
nuisance, but what has now become menace. 

The availability satisfactory water supply important feature 
determining the location large industrial plants, indicated inquiries 
received the offices industrial agents large railroads. The report 
the recently completed Super-Power Survey recommends that generating 
stations built adjacent the coal mines wherever condensing water 
available. 

view the importance pure water for industrial purposes, and the 
lack satisfactory methods purification, the writer believes that there 
need for research conducted broad scale and pursued conclusion, 
preferably some such Federal the Bureau Standards. 
investigation this nature was conducted the Pennsylvania Department 
Health. results were announced, can assumed that the investiga- 
tion was unsuccessful. was indeed most unfortunate that such important 
investigation which was being conducted such small cost, should dis- 
continued the grounds economy, such results are powerful deterrent 
any one contemplating work this nature. 

The greater fall rural typhoid the original registration area, men- 
tioned Professor Winslow,* may have been due cases carried media 
other than water, the general rise the standard living during recent 
years. 

has frequently been noticed that typhoid fever communities served 
private water companies times charged the water supply without 
investigations being made. This has several instances with which 
the writer familiar although analyses showed the public water supply 
satisfactory while analyses wells and springs used for drinking purposes 
many consumers the water company showed the presence coli 
very small samples. Fair and impartial judgment would seem require that 
all other possible contamination should investigated, such 
milk, ice, ice cream, soda water, raw foods, ete., before the outbreak charged 
the water company. 

unfortunate that the local physicians not always aid quieting the 
hysteria which often develops following outbreak intestinal disease. 
Valuable service could rendered the communities calling attention 
other sources possible contamination cases where the water analyses are 
satisfactory. some instances, this, doubt, would lead earlier 
checking the spread the disease. 


Proceedings, Am. Soc. E., December, 1921, 664. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Acting Secretary prior the final publication. 


JOHN FINDLEY WALLACE, Past-President, Am. Soc. E.* 


Diep 3p, 1921. 


John Findley Wallace was born Fall River, Mass., September 10th, 
1852. was son David and Martha (Findley) Wallace. 

his early childhood, his father was sent Monmouth, for the pur- 
pose founding college under the auspices the United Presbyterian 
Church. Reared under the unusual social conditions formed that combina- 
tion college, religious, and semi-pioneer life, the boy early manifested those 
manly, studious, and persevering qualities which, coupled with his high char- 
acter and attractive personality, gave him the commanding position the 
Engineering Profession which long enjoyed. 

student Monmouth College until 1871, Mr. Wallace started his engi- 
neering career, his nineteenth year, with the United States Corps 
Engineers, and was engaged for five years improvements the Rock 
Island Rapids and the Upper Mississippi River and its tributaries. 

For the following three years, filled the positions County Sur- 
veyor Warren County, Illinois, and City Engineer Monmouth, and, 
for five years thereafter, was charge the location, construction, and 
operation railroad from Peoria Keithsburg, which was afterward 
merged with the Iowa Central Railroad Company, and now forms part the 
Minneapolis and St. Louis Railroad. 

From 1883 1886, Mr. Wallace was associated with the Iowa Central 
Railroad Company Chief Engineer Construction, during which time 
designed and constructed transfer facilities across the Mississippi River 


Keithsburg, for that Company, and was Associate Engineer the con- 


struction bridge, and its approaches, crossing the Mississippi River that 
point. 

From 1887 1889, Mr. Wallace was with the Atchison, Topeka and Santa 
Railway Company, acting Bridge Engineer the extension that 
Company’s line between Chicago, and Kansas City, Mo., and having 
charge, Resident Engineer, the bridge built the Company over the 
Missouri River Sibley, Mo. During this period, designed the foundations 
for the bridge over the Mississippi Fort Madison, Iowa, and designed and had 
charge the works built connection with the two bridges 
Fort Madison and Sibley. 

From 1889 1891, Mr. Wallace was associated with the late Corthell, 
Past-President, Am. Soe. E., Consulting Engineer, Chicago, and had 
charge the construction joint entrance into the City Chicago for 
the Atchison, Topeka and Santa Railroad Company and western connection 
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for the Illinois Central Railroad Company. acted Associate with Mr. 
Corthell during this time the foundation work the Merchants’ Bridge 
over the Mississippi River St. Louis, Mo., and was likewise associated with 
him various other works, including proposed bridge over the Mississippi 
River the vicinity New Orleans, La. 

1891, Mr. Wallace was appointed Chief Engineer the 
Central Railroad Company, and immediately rendered distinguished service 
that Company the reconstruction its terminals within the City 
Chicago for the purpose meeting conditions arising through the 
location the World’s Fair adjacent the tracks the Company. this 
connection, was largely influential the beginning track elevation 
Chicago, the Illinois Central, through his counsel and advice, being the first 
railroad company enter into contract for track elevation that city. 

During his service Chief Engineer, the Illinois Central Railroad Com- 
pany went through period great development both construction and 
maintenance work; many branches and auxiliary lines were built, many 
parts the line, grades were reduced, alignment was improved, and second 
track was built. Many large yards were constructed, likewise large terminal 
facilities New Orleans, St. Louis, and other places, and the general condi- 
tion the road was greatly improved. 

1898, Mr. Wallace was transferred the Executive Department, serv- 
ing with the various titles Assistant Vice-President, Assistant General 
Manager, and General Manager, until 1904, when left the Illinois Central 
Railroad Company, having been appointed the late President Roosevelt 
Chief Engineer the Isthmian Canal Commission. Later, served 
member that Commission, and was also member the Executive Com- 
mittee and Vice-President and General Manager the Panama Railroad and 
Steamship Company. 

Mr. Stuyvesant Fish, that time President the Illinois Central Rail- 
road Company, said Mr. Wallace: 


“There professional engineer know who has higher degree than 
Mr. Wallace the special commercial and diplomatic tact needed the new 
job. has excellent and rare capacity for dealing with men, above, 
below him, and will honor the Government and 
himself. 


There can doubt that Mr. Wallace was largely due the credit 
for the organization originally built for the construction the Panama 
Canal, his knowledge railroad transportation, feature prime importance, 
coupled with his wide and varied experience engineering construction, 
rendered him peculiarly competent organize and work such 
great magnitude. 

1905, Mr. Wallace relinquished his work and returned the 
United States. account his reticence, his full reasons for resigning 
were never made public. was known, however, that was not accord 
with the policy the Administration certain essential features connected 
with the plans and conduct the work, notably the determination not 
construct sea-level canal. 
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1906, acted Confidential Adviser the President the Chicago 
and North Western Railway Company the design its new passenger 
terminals Chicago, and very shortly thereafter went New York City 
become President Westinghouse, Church, Kerr and Company, that time 
one the largest engineering and construction organizations the United 
States. During his association with that organization, was engaged the 
design and construction engineering works great magnitude different 
parts the United States and Canada, including the construction terminal 
and dock facilities for the Canadian Pacific various places, well work 
the same character different times for the Chicago, Burlington and 
Quincy, the Central Railroad New Jersey, the Chicago and Alton, and the 
Baltimore and Ohio Railroad Companies. addition this railroad work, 
his Company constructed number large hotel, office, and factory buildings. 
During the ten years directed the activities this organization, 
estimated that its expenditures averaged over $10 000 000 per year. 

1918, Mr. Wallace was retained the City Chicago advisory 
connection with the granting franchise the Union Station 
Company. This led his permanent employment the City Chairman 
the Chicago Railway Terminal Commission, body distinguished engineers, 
lawyers, and members the City Council which was organized act 
advisory capacity the City all matters relating railroad terminal 
facilities magnitude within the city limits. 

Mr. Wallace’s unusual ability, coupled with his experience 
engineering and administrative capacities, well fitted him harmonize the 
many conflicting interests involved the great work putting stable 
basis the relationship between the City Chicago and the great railroad com- 
panies with which was involved transactions during this period. his 
efforts, small measure, must attributed the satisfactory solution 
the Union Station problem and the arrangement made between the City, the 
South Park Commissioners, and the Illinois Central Railroad Company, 
culminating what known the “Lake Front Ordinance”, covering the 
extensive improvements required for the construction great system 
parks the Lake Front the South Park Commission; the relinquishment 
its riparian rights; the electrification its lines within the city limits; the 
building great passenger station the Illinois Central Railroad Com- 
pany; and the dedication for the benefit the United States Government 
great harbor district. 

1914, Mr. Wallace was head the delegation made members 
the Chicago Railway Terminal Commission, the Chairman various Alder- 
manic Committees, and other prominent citizens, Chicago, visit 
Europe for the purpose investigating terminal facilities railroads and 
waterways, and the construction wharves, harbors, and docks. This investi- 
gation was broken the sudden declaration war the part 
Germany. 

Since 1915 Mr. Wallace had acted Consulting Engineer, Director, and 
Member the Executive Committee the Taylor-Wharton Iron and Steel 
Company. For five years was member the Committee Harbors and 
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Shipping the Chamber Commerce, State New York. had also been 
Chairman the Board Directors the Southern Oil and Transport Cor- 
poration and Chairman the Board Directors the Century Oil Company. 

During the World War, Mr. Wallace served member the Transporta- 
tion Committee the National Petroleum Advisory Board. 

the time his death, July 3d, 1921, was Washington attending 
the hearings the Senate Committee Interstate Commerce, connection 
with the Board Economics and Engineering which had been formed 
the National Association Railroad Security Holders, which Board 
was The last words his testimony before the Senate Committee 
were characteristic voicing the earnest desire that and the Board with 
which was associated might helpful bringing together the various 
conflicting interests for the betterment the transportation system. 

was married Sadie Ulmer, Monmouth, who, with son, Harold 
Ulmer Wallace, and daughter, Mrs. Pierre LeMay, survives him. 

Mr. Wallace was member many social, professional, literary, and 
public clubs the cities New York, Chicago, and Washington, list 
which, together with list technical societies which was member 
and summary the degrees that were conferred him, here given. 

was member the following clubs: (Chicago), Chicago Club, Union 
League, Engineers’ Club, Association Commerce, City Club, Press Club, 
and South Shore Country Club; (Washington), Metropolitan, and Cosmos; 
and (New York City), Union League, Sleepy Hollow Country Club, Engi- 
neers’ Club, Engineers’ Country Club, Bankers Club America, Chamber 
Commerce, Automobile Club America, National Arts Club, and Rail- 
road Club. 

Mr. Wallace was also Member, and Past-President, the American 
Railway Association; Member, and Past-President, the 
Western Society Engineers, Chicago, Member the Institute 
Consulting Engineers America; and Member the Institution Civil 
Engineers Great Britain. 

Mr. Wallace held the degree Civil Engineer from the University 
Wooster, Ohio; the degree Doctor Literary Laws from Monmouth Col- 
lege, Monmouth, and the degree Doctor Science from Armour 
Institute, Chicago, 

His activities, enumerated herein, are far from covering the wide range 
service performed highly useful, energetic, and technical career 
practically fifty years. 

close this brief memoir without some reference those personal traits 
and qualities which endeared Mr. Wallace his friends and distinguished 
him man, would give only inadequate idea indeed his char- 
acter. intimate associate for number years has given his three 
outstanding characteristics: 


interest in, and helpfulness to, young engineers. 
wonderful initiative and energy. 
unblemished character every phase his 
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his treatment young engineers, while consistently kind and fair, 
was exacting, combining kindness with discipline. demanded full 
measure service. 

Mr. Wallace had quality cementing friendships rare degree. 
His characteristics this connection were well illustrated address 
given him the graduating class Monmouth College 1916 which 
said: “My first advice you would cultivate friends. Begin with 
your own family circle and let your friendships extend include your neigh- 
bor, your city, your State, your country, and finally broaden out 
and embrace humanity. Other things being equal, the measure your success 
will depend upon your friendships.” 

The American Railway Engineering Association stands one the best 
monuments his ability and skill organizer, was largely the 
acumen and diplomacy which evidenced co-operating with other members 
his Profession the building this organization that its great success 
has been due, having been one the primary leaders the movement and 
the first President the Association. The result the Association’s work 
outstanding among the professional societies the United States. Its 
Proceedings constitute to-day the principal authority which the present 
methods railroad engineering are based. They have been commented 
international circles and, one period, during the World War, the United 
States Government ordered 2500 copies the “Manual” the Association 
for distribution among the officers the Engineering Corps. 

During his residence Chicago, Mr. Wallace exercised potent influence 
the affairs the Western Society Engineers, becoming its President, 
first 1891 and again 1896. 

“In 1900, the American Society Civil Engineers was the guest the 
Institution Civil Engineers Great Britain, holding its Annual Conven- 
tion that year the Society House the Institution which time 
Mr. Wallace had the unique distinction being the President both the 
Society and the American Railway Engineering Association, giving the Annual 
Address the former this Convention the Society House the 
Institution. 

Mr. Wallace contributed many papers great value the 
the Society, well the American Railway Engineering Association. 
was one the charter members the American Institute Consulting 
Engineers and was the first Chairman its Committee Professional 
Practice and having been practically the author the Code Ethics 
which this Institute adopted. 

Future historians the Profession will class Mr. Wallace among the great 
engineers the country. was keen student, able administrator, 
diplomat, and gentleman the highest type, and coupled 
with these qualities was personality great attractiveness. 

His life will stand inspiration the younger members the Pro- 
fession illustrating the attainment possible through high character, deep 
thoughtfulness professional matters, and genius for acquiring friends. 
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Mr. Wallace was elected Member the American Society Civil 
Engineers June 2d, 1886. also served the Society Vice-President 
1897 and 1898, President 1900, and Treasurer 1913 and 1914. 


GEORGE DUNCAN SNYDER, Am. E.* 


Diep 1921. 


George Duncan Snyder, the son George Stephen and Anna Wesley 
(Butler) Snyder, was born Williamsport, Pa., September 25th, 1866, 
and received his early education the and private schools 
vania. 

His American ancestors belong solely Pennsylvania, having come 
that State between 1750 and 1790, and were English, Irish, Scotch, French, 
and German extraction. They and their were prominent 
soldiers, sailors, engineers, ministers, and public officials. 

From 1882 1886, Mr. Snyder was engaged the office his uncle, 
Antes Snyder, that time Engineer Right Way ‘the Pennsylvania 
Railroad, and was employed re-surveys right way, addition 
railroad location and construction, for that Company. 

Later, went West, the lines the Union Pacific Railroad, and dur- 
ing 1886-87 was engaged branch line construction. returned the 
however, the latter part 1887, and from that time until 1890, was 
Assistant Supervisor Maintenance Way the Pennsylvania Railroad. 

From 1890 transferred his affiliations the Philadelphia and 
Reading Railroad, becoming Assistant Engineer the Williamsport Division. 
was engaged the re-alignment the railroad that Company, 
well the layout coal storage yards and the location branches and 
connecting lines. During this period Mr. Synder had full charge the 
preliminary and location surveys the Southern Central Railroad along the 
west side the Susquehanna River, from opposite Sunbury near Harris- 
burg, 

During 1893, still further transferred his allegiance the Erie Rail- 
road, having been engaged the New York Office the late Buchholz, 
Am. E., studies*for and renewals the structures that 
Company. 

1894, Mr. Snyder was appointed the office City Engineer the 
authorities his home town, Williamsport, which office ably filled for 
‘period seven years, during which time was responsible for the 
tion the storm and drainage sewer system. During this period service, 
acted member Board Engineers, with the late Raymond, 
Am. Soe. E., then Major Engineers, A., and, later, Brigadier- 
General, A., and the late Schermerhorn, Am. Soe E., 


making report the protection the City Williamsport from floods 
the Susquehanna River. 


a 
q 
a 
7 

q 

q 

4 


MEMOIR GEORGE DUNCAN SNYDER 399 


1902, Mr. Snyder joined the staff Jacobs and Davies, Consulting 
Engineers, and was engaged proceed Burma, India, where, for about 
year, carried out surveys and made report and estimates for oil pipe 
line about 360 miles for the Burmah Oil Company, extending from the 
refineries Rangoon the Valley the Irrawaddy River the oil fields 
Yenang-Yat. After his return from Burma, was further associated 
with the purchase and inspection material for this pipe line which was 
constructed the lines the surveys made him. 

the conclusion this work, the construction the underground rail- 
road system the Hudson and Manhattan Railroad was active progress, 
and Mr. Snyder was transferred the staff the Hudson Companies 
Principal Assistant Engineer that work. With the work construc- 
tion this underground railroad, maintained connection the time 
the delivery the railroad the operating company, and, thereafter, 
Deputy Chief Engineer the Hudson and Manhattan Railroad Com- 
pany. During this period about years, was engaged for the most 
part on, and had charge and direction of, design and methods construc- 
tion, which work showed marked ability and originality. 

Except for intervals when absence military service took him away 
from his engineering work, continued his connection with Jacobs 
and Davies the time (January, 1921) when his illness necessitated his re- 
tirement from active business. From until the time his retirement, 
was Director, and, from 1917, Vice-President, the organization 
Jacobs and Davies, Incorporated. 

his engineering work, was always deep and well-read student 
the principles and practice engineering, and constituted himself vast 
fund information all lines professional work. professional 
capacity, took active part the development the city subway sys- 
tem the New York Municipal Railway Corporation and made special 
study the subject city transportation. received the “George Stephen- 
son Gold Medal” from the Institution Civil Engineers (London) 1913, for 
his paper entitled “City Passenger Transportation the United States.” 
also contributed the Society, 1914, paper “Subaqueous Highway 
Tunnels.”* single expression could used which would best describe 
his personal character, that word would “faithful.” 

Col. Snyder was, all times, deeply interested military affairs and 
for great many years devoted large part his spare time the study 
military science and practice. young man, served all ranks, from 
private Captain, the National Guard Pennsylvania. When the United 
States declared war with Spain, took commission with the 12th Pennsyl- 
vania Volunteer Infantry, and during part that campaign, was Assistant 
Chief Engineer the Army Corps. When the World War broke out 
1914, became deeply interested what believed the inevitable 
participation the United States the war. November 19th, 1915, 
read short paper before the New York Railroad Club the subject “The 
Railroads and National Defense”, which considered vital importance 
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the prosecution successful war. took great deal personal interest 
this subject, the extent obtaining the co-operation Gen. Leonard 
Wood, A., and other prominent military men who discussed the paper 
and urged the people the necessity building the strength the 
National Guard regiments anticipation probable interference. The 
result his activity this line was that was offered commission 
the 22d Regiment, Y., and although had desire back into 
the National Guard, felt that his duty called him the colors and 
participation the activities which had arisen due the war. The Mexican 
Border troubles 1916 involved the call this regiment into active service, 
and proceeded, Lieutenant, the Mexican Border, serving there from 
June, 1916, January, 1917, receiving commission Captain while 
the Border. 

soon the United States entered the World War 1917, volun- 
teered for active service with the 22d Engineers and assisted organizing 
the 102d Engineers, answering the President’s call July 15th, 1917. 
was drafted into Federal Service August 5th, 1917, and sailed for over- 
seas duty May, 1918. served with 27th Division, F., and was 
duty with the American Commission Negotiate Peace, January and 
February, 1919, France and Italy. returned the United States 
Major, Engineers, and was honorably discharged April, 1919. There- 
after, became Major, Engineer Section, Officers Reserve Corps. the 
re-organization the 22d Engineer Regiment, Y., took active 
part Lieutenant-Colonel, under Col. Thomas Crimmins, whose retire- 
ment April, 1920, Colonel the regiment. This commission 
took with the expressed understanding that could retire soon the 
regiment was completely Federalized. This out, retiring from 
the command October, 1920, when, his own request, was transferred 

His service the Army, and the regard which was held his 
fellow officers and men, particularly well stated the following letter 
Col. Crimmins: 

want write you few lines about thoughts George 
Snyder. want you consider them coming from one who served under 
and with him. was only for brief period that served his Colonel. 
started the regiment looking George, and finished that way. 

February, 1916, when enlisted Company 22d Regt., 
Y., under Lieut. George Snyder, until April, 1920, when retired 
Colonel the regiment, was very closely identified with George Snyder. 
observed him enlisted man and officer. George Snyder, have 
often said that never knew better engineer soldier. and 
studious, mastered all problems that came before him. Brave and self- 
sacrificing, out all orders given him, shunning responsibilities, 
loyal and conscientious all his acts gave all had his country. 

“George Snyder will always live the hearts and minds all who served 
with him the war.” 

Col. Snyder also served, after his discharge from the Army, Secretary 
the Military Affairs Committee Engineering Council. 
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His last illness was long and protracted and probably originated his 
overseas service the Army, during which time suffered from shell shock 
and gas. passed away the home his sister, Jersey Shore, Pa., 
October 21st, 1921. 

Col. Snyder was married 1901 Miriam Ellen Harrison, Williams- 
port, and survived three children. 

was member many professional and societies, including 
the Institution Civil Engineers, American Railway Engineering 
tion, American Institute Consulting Engineers, Sons the Revolution, and 
Society the War 1812. 

Col. Snyder was elected Associate Member the American Society 
Civil Engineers November 6th, 1895, and Member September 4th, 1901. 


GEORGE HERBERT WEBB, Am. E.* 


Diep 1921. 

George Herbert Webb, the son Col. George Webb and Emma (Alder) 
Webb, was born Dubuque, Iowa, March 5th, 1860. Both his father and 
mother from Muncy, Pa., where his grandfather had acquired con- 
siderable estate the early part the Nineteenth Century. 1850, his 
father went West, but after the Civil War returned the East and was 
prominently indentified with the construction and operation various rail- 


and with the steel industry. The family made their home Williams- 


port, Pa., and, 1876, moved Johnstown, Pa. 

Mr. Webb was educated the Pennsylvania Military College, Chester, 
Pa. entered the Sophomore Class Engineering September, 1877, and 
was graduated from this institution, then known the Pennsylvania Military 
Academy, Civil Engineer with the degree E., June 10th, 1880. 

After his graduation, Mr. Webb entered railroad work Rodman with the 
Baltimore and Ohio Railroad. 1881, tested steel for the Brooklyn 
Bridge, and, 1883, was appointed City Engineer Johnstown, Pa. Later, 
was Assistant Engineer the Cambria Iron and Steel Company. 

From the fall 1885 the spring 1888, Mr. Webb was with the 
Burlington and Quincy Railroad Transitman, Locating Engi- 
neer, and Division Engineer construction, and, 1888, served Division 
Engineer charge the construction portions the Seattle, Lake Shore 
and Eastern Railroad (now part the Northern Pacific System). 

the spring 1899, went Chile, with the North and South American 
Construction Company. This Company had contract with the Chilean 
Government for building and equipping between 600 and 700 miles rail- 
road, and Mr. Webb was charge the construction one the branch 
lines the southern part the Republic. The entire work was stopped later 
the outbreak the Balmaceda Revolution. 

leaving Chile, went Peru and, 1891, was appointed Division 
Engineer and Superintendent Construction the Summit Division 
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the Central Railway Peru, formerly the Aroya Railroad. The construction 
this Division was notable piece work. The line crosses the main range 
the Cordilleras los Andes ft. above sea level, and has heavy 
grades, high curvature and many tunnels. 

1893, Mr. Webb returned the United States and engaged private 
engineering practice until 1897, when was appointed Chief Engineer the 
Cincinnati, Georgetown, and Portsmouth Railroad. This road was small 
property charge Mr. Ralph Peters, and although his associations were 
pleasant, Mr. Webb wished study maintenance larger roads and the 
end two years resigned his position enter the service the Cleveland. 
Cincinnati, Chicago and St. Louis Railway. 

During 1899 and 1900, was Supervisor Track the latter road and 
the Chicago and Alton Railroad, 1901 and 1902, Engineer 
Charge Construction the Missouri Shops Baring Cross, Ark. 

Mr. Webb entered the service the Michigan Central Railroad 1903 
and had charge relocating the main line between Kalamazoo and Lawton, 
Mich., work some magnitude. was promoted successively 
Division Engineer, Assistant Chief Engineer, and, 1905, was appointed 
Chief Engineer. the latter position until his death with the 
exception about two years, from 1917 1919, when was military 
service France. 

The Detroit Terminal the Michigan Central Railroad probably the 
most prominent monument Mr. Webb’s engineering ability. may 
included with such structures the Grand Central and the Pennsylvania 
Terminals, New York City, and the Kansas City Union Depot, among 
the four five largest projects this character which have been completed 
within the last decade. 

Mr. Webb served various important military positions the American 
Army during the World War, attaining the rank Colonel. was awarded 
the Distinguished Service Medal,* and also the French Ordre Noire 
(Officier) Presidential decree September 24th, 1919. 

July 6th, 1917, was appointed Lieutenant Colonel the Sixteenth 
(Railway) Engineers. The regiment landed France August 29th 
that year and took charge the construction the Advance Depot 
Is-sur-Tille. 

About April 1st, 1918, Col. Webb was placed charge number 
railway and camp projects the vicinity Nevers. This position soon 
developed into that Section Engineer the eastern half the Intermediate 
Section. this capacity, Col. Webb had charge the American engineering 
projects about one-seventh the area France, extending from the City 
Bourges the Swiss and Italian borders. Among the projects carried 
under his direction were the large hospital plants Mars-sur- 
Allier, and Allerey, with combined maximum capacity 000 patients. 

The Nevers Cut-Off, from engineering point view, was the most 
difficult railway construction the American Expeditionary Forces. 
required large yardage embankment and the construction pile and 
General Orders No. 59, War Department, Washington, 1919, 33. 
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steel truss bridge over the Loire River, ft. long. Other railway projects 
were the engine terminal Marcy, and the car repair shops Nevers. Ware- 
houses, camps, camp hospitals, and laundries, were constructed and reorganized 
various centers, and Vichy, Clermont-Ferrand, Chatel Guyon, Royat, 
and Pougues-les-Eaux, groups resort hotels were taken over and adapted 
hospital purposes. the center Vichy alone more than 000 patients 
were treated. 

All this work was subject continuous wartime interference 
with the supply men, materials, equipment, and transportation. Col. Webb’s 
inspiring and driving personality stirred the officers and men the organiza- 
tions under him, and his resourcefulness, initiative, and skill, overcame 
all obstacles and completed these difficult projects with marked success. 

September 27th, 1918, was promoted the rank Colonel and 
April, 1919, returned the United States and resumed his duties Chief 
Engineer the Michigan Central Railroad. 

the fall 1920, Colonel Webb’s health showed signs failing, and 
the following spring operation performed without, however, obtaining 
the hoped for relief. died November 3d, 1921, the home his 
sister, Mrs. Osgood, Jr., near Boston, Mass. 

Col. Webb was man strong personality and sterling was 
thorough student and possessed keen insight, and his work showed high 
degree evidence original and self-reliant thought. His interesting experiences 
and unusual personal charm made him delightful companion, and his death 
will long felt the many who had the privilege knowing him. 

January, 1905, was married Jessie Lawrence, who died May, 
1907. They had many congenial tastes, and his home life afforded pleasant 
relief from the close application was the habit giving the duties 
his profession. Her untimely death was much regretted. 

June 17th, 1914, the Board Trustees the Pennsylvania Military 
College conferred Col. Webb the honorary degree Master Civil 
Engineering, recognition his high professional attainments and his 
worthfulness man and citizen. 

was member the American Engineering Association, and 
served the Association Director and Chairman the Committee Rules 
and Organization. was the first Commander the Detroit Chapter the 
Military Order the World War, member the Sixteenth Engineers Post 
Veterans Foreign Wars the United States, and the American Legion. 


Colonel Webb was elected Member the American Society Civil 
Engineers February 1893. 


HAROLD INGERSOLL BELL, Assoc. Am. Soe. E.* 


Diep 28TH, 1921. 


Harold Ingersoll Bell was born Canton, August 16th, 1880. 
prepared for college the Bay City, Mich., High School. After one year 
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the University Michigan, entered Cornell University 1901, from which 
was graduated Civil Engineering. 

Since 1906, Mr. Bell had been associated with the Cummings Con- 
struction Company Ware, Mass. 1912, was made Manager the 
Portland Office the Company, which was opened that year, which position 
held until his death. 

this capacity, Mr. Bell had charge the construction number 
large plants the State Maine, the best known which was the Hydro- 
Development the Rumford Falls Power Company, Rumford, Me. 

April 27th, 1916, was married Ellen Morrell Foster, daughter 
Mr. and Mrs. Foster, Ottumwa, Iowa, who, with two sons, Hugh 
Foster and Gordon Humphrey, survive him. also survived his 
mother, Mrs. Mary Bell Ithaca, Y., and two sisters. 

Mr. Bell was elected Associate Member the American Society 
Civil Engineers August 31st, 1915. 


HENRY HARVIE, Assoc. Am. E.* 


Diep 1921. 


Henry Harvie was born near Birmingham, England, October 4th, 
received his technical education University College, London. the 
completion his studies 1896, entered the service the Great Western 
Railway Company Assistant Chief Draftsman the Swindon Works, 
where remained until 1903. Mr. Harvie’s ability Draftsman and 
Designer was recognized among those who knew him being the highest 
quality, combining the artistic with the technical remarkable degree. 

1903, Mr. Harvie came Canada, and joined the Engineering 
the Ontario Power Company, Niagara Falls, Ont., Canada. 1905, 
joined the Designing Department the White Engineering Corpo- 
ration New York City. resigned 1906, accept the position 
Chief Draftsman for the Bush Terminal Company, Brooklyn, Y., and, 
later, was appointed Chief Draftsman the Long Island Motor Parkway. 

From 1908 1910, Mr. Harvie was again with the Ontario Power Com- 
pany Chief Draftsman, during the extensive additions which were then 
being made its plant Niagara Falls. that time, this plant was 
numbered among the largest developments the world, and the great 
ties overcome both design and construction required engineering 
talent the highest quality. 1910, Mr. Harvie was appointed Assistant 
the Chief Engineer the Lake Superior Power Company, charge the 
design hydro-electric power development the Magpie River the 
Michipicoten District, north Lake Superior, for supplying power the 
mines operated the Algoma Steel Company. the completion this 
work, joined the Engineering Staff the Hydro-Electric Power Commis- 
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sion Ontario, Toronto, where was for the most part employed 
Chief Draftsman hydro-electric power plant design. 

Latterly, Mr. Harvie was employed and Mitchell, Consult- 
ing Engineers, Toronto. The unfortunate accident which caused his death 
October 14th, 1921, took place the plant the General Electric Com- 
pany, Peterborough, Ont., while was inspecting shop test gen- 
erator rotor. 

was married England Miss Dora Gaskell who, with three chil- 
dren, survives him. 

Mr. Harvie had acquired broad experience and training, particularly 
the hydro-electric field, and had become recognized authority the 
various features power-plant layout and design. This, coupled with his 
natural ability engineer, had placed him high the ranks his 
Profession. 

became Associate Member the Canadian Society Civil Engi- 
neers 1912, and for some time was member the Engineers’ Club 
Toronto, where had large circle friends. 

Mr. Harvie was elected Associate Member the American Society 
Civil Engineers May 12th, 1919. 


HARRY MILTON LYNDE, Assoc. Am. E.* 


May 1921. 


Harry Milton Lynde, the son James, Jr., and Lizzie Estelle (Clifford) 
Lynde, was born Chelsea, Mass., December 27th, 1882. was educated 
the Massachusetts Institute Technology, having been member the 
Class 1905, and the Institute Brooklyn, from which 
was graduated 1906, receiving the degree 

During the summer vacation 1903 and 1904, Mr. Lynde was employed 
Rodman the Metropolitan Park Commission New York, and the summer 
1905 was spent Rodman the Boston and Maine Railroad. 

The greater part the next two years were spent him gathering and 
compiling data for the National Board Fire Underwriters and Fire Insur- 
ance Companies. 

October, 1907, Mr. Lynde was appointed Assistant Drainage Engineer, 
Office Experiment Stations, Department Agriculture, which position 
retained until May, 1909. During this time, was engaged principally 
drainage surveys and investigations the Southern States. 


From May, 1909, January, 1913, served Assistant Engineer the 


New York Board Water Supply engaged the construction the Catskill 
Aqueduct. 

January, 1913, Mr. Lynde returned the office Experiment Stations, 
Department Agriculture, and took charge the drainage work the 
office North Carolina, which position held until his death Raleigh, 
May 17th, 1921. 


Memoir prepared McCrory, Am. Soc. E., and Clifford Lynde, Assoc. 
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His most important work while this position was the planning and con- 
ducting investigations relating the drainage agricultural lands. His 
investigations regard the effect tile drains the ground-water table, 
which discussed paper read before the Southern Section the Amer- 
ican Society Agricultural Engineers, Lexington, Ky., short time before 
his death, was valuable contribution agricultural During this 
period, devoted considerable part his time the study methods 
prevention and control soil erosion, and many examples his skill this 
work are found North Carolina. 1915 and 1916, demonstrated 
the use terraces for controlling soil erosion Missouri, and successful 
was his work that general interest improvements this character was 
aroused. 

Mr. Lynde was always student and had gift for research. His char- 
acter was the finest, and his dealings were always characterized fine 
courtesy and integrity. 

June 28th, 1911, Mr. Lynde was married Amy Louise Edmester, 
Massachusetts, who, with daughter, Marguerite, survives him. 

was member the American Society Agricultural Engineers and 
the American Association Engineers. 

Mr. Lynde was elected Junior the American Society Civil Engineers, 
April 14th, 1911, and Associate Member April 1st, 1914. 
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THE CONTINUOUS TRUSS BRIDGE 
OVER THE OHIO RIVER SCIOTOVILLE, OHIO, 
THE CHESAPEAKE AND OHIO NORTHERN RAILWAY 


PRESENTED 5TH, 1922. 


The peculiar construction the Sciotoville Bridge has been the subject 
frequent inquiries, and the following detailed, although somewhat belated, 
description will serve permanent record, useful for similar bridge con- 
struction elsewhere. 

The distinguishing features the design are four: Continuous trusses 
over two long spans; floor-beams, acting inverted arches and braced against 
tractive forces; erection with the minimum falsework and without extra 
material the trusses; and riveted connections the limit the largest 
rolling mill and shop facilities. The subject-matter presented herewith under 
the following heads: 


1.—General Conditions and Selection Design. 

2.—History and Characteristics Continuous Truss Bridges. 
3.—Substructure. 

Superstructure. 

5.—Fabrication and Erection Steelwork. 


1.—GENERAL CONDITIONS AND SELECTION DESIGN 


Location and was decided the Chesapeake and 
Northern Railway Company bridge the Ohio River and connect with the 
main line the Chesapeake and Ohio Railway, the Kentucky side (the 
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southern left bank) the Ohio River, the crossing was selected 
form direct route from the junction Columbus, Ohio, along the valleys 
the Little Scioto and the Scioto Rivers, with exceptionally favorable grades 
for the heavy coal transportation the Great Lakes via the Hocking Valley 
Railway. Going north, the grades are 0.2% and, going south, 0.8%, and are 
compensated curves. The line has single track for the present, but the 
Ohio River Bridge and the masonry piers the approach viaducts are built for 
two tracks. With the coal traffic steadily growing, two tracks for the entire 
line will necessary before long. The double-track bridge was built period 
low prices, thus enhancing its advantage the development and 
growth that important traffic. 

River Conditions.—At the site the bridge, the Ohio River has width 
about 1600 ft. between embankments and forms sharp bend. The river 
channel near the inner Kentucky shore, but high-water stages, the 
traffic shifts toward the Ohio shore, along which also, times, considerable 
ice and drift are carried. 

The river channel ft. deep low water and ft. deep high water. 
The river bottom which practically bare rock, with slight slope from the 
Ohio toward the Kentucky shore, afforded solid foundation for the piers. 

The requirements the War Department called for minimum clear 
height under the bridge ft. above low water and ft. above high 
water. The navigation interests demanded large openings, owing the danger 
obstructing piers the descending coal tows some which are 150 ft. 
wide and 700 ft. long and (at this sharp bend the river, the head the 
shoals the Little Scioto River) are difficult control, particularly 
account the dense smoke and fog prevalent this locality. the 
Kentucky side was also necessary keep the river channel open for naviga- 
tion during the erection the bridge. 

Selection several layouts with different span lengths, 
appeared that with two spans 750 ft. each the clear and pier the 
middle the river, the requirements the navigation interests, and the 
War Department would satisfied. This made possible symmetrical and 
sightly structure with two spans 775 ft., center center, bearings. (Fig. 1.) 

The rock foundations were favorable continuous truss bridge, which 
offered the advantage erection with minimum falsework. Two 
simple truss spans 775 ft. each, would have been from 20% more 
expensive for metal and erection. 

The span 775 ft. exceeds length the longest existing simple span 
bridge, namely, the 720-ft. span the Ohio River Bridge, Metropolis, 
built 1917. 

will thus seen, that the selection continuous trusses was primarily 
indicated this case reasons economy metal and facilities 
erection. 


view the fact that this bridge has the longest spans the continuous 
truss type, and thus comes into competition, for long spans, particularly with 
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the simple span and the cantilever type, appears appropriate review 
briefly its history and some its not generally appreciated 
American bridge engineers. 

Britannia Bridge England, built Stephenson 1848, 
marks milestone bridge construction, not only because was the first 
important iron bridge the beam type, but also because was the first repre- 
sentative the continuous girder type. tubular plate girder bridge 
four spans, two which are 230 ft. and two 460 ft. The girders were 
proportioned simple beams, but the designer, realizing that continuity 
increased the carrying capacity, regarded this feature additional safety. 
gain more information, made tests with model, and thus found the 
points contraflexure the elastic line, which regarded “fixed” 
and dividing the span into two “cantilevers” and “central beam”. This 
laid the foundation for the later development the modern cantilever bridge 
the introduction hinges the points contraflexure. 

Too much credit cannot given that galaxy early English bridge 
engineers nearly one hundred years ago—Stephenson, Fairbairn, Telford, 
Tierney Clark—for the originality and daring their plans and construc- 
tions. They did their own thinking; they did not wait for precedents, but 
created them. Theirs was the genius that originates distinguished from 
routine which merely imitates. 

The Britannia Bridge was followed several similar bridges, among 
which may mentioned the Torksey Bridge, built the Trent, with 
two spans 130 ft., and the Bryne Bridge, built 1855, with central span 
267 ft. and two side spans 141 ft. each. 

the latter part the Nineteenth Century continuous truss bridges were 
extensively built the Continent, principally France, and were usually 
the lattice truss type with parallel chords,- with from three five spans. 
The Fades Viaduct over the Sioule River, France, built from 1905 1908, 
with central span 472 ft., was the longest continuous span previous the 
building the Sciotoville Bridge. 

The Lachine Bridge, built 1888, the late Shaler Smith, Am. 
E., over the St. Lawrence River, near Montreal, Que., Canada, with two 
side spans 269 ft., and two middle spans 408 ft., was, for years, the 
only continuous bridge America. was built cantilever and then con- 
verted into continuous truss for the live load. was replaced 1910 
simple span bridge. 

There has been always more less prejudice against continuous trusses, 
trusses offer the alleged more accurate computation 
stresses purely statical principles. continuous girder far known 
has ever failed the trusses, whereas the largest and most discreditable bridge 
failure belongs the supposedly accurate cantilever type. 

appears now, however, the continuous truss would again come into 
its own, for not only was adopted for the Sciotoville Bridge, but also for the 
bridge the Bessemer and Lake Erie Railroad built 1918 over the 
Allegheny River near Pittsburgh, Pa., with spans from 272 ft. 520 ft., and 


Wie : 
| 
| 
| 
a 
a 
q AL 
7 
: 
= 
7 
q 


414 SCIOTOVILLE BRIDGE OVER THE OHIO RIVER 
for the bridge the Hudson Bay Railway, across the Nelson River, built 
1918, with spans 300 ft. and 400 ft. 

Characteristics Continuous continuous truss type has 
nowhere met with more indiscriminate and unqualified condemnation than 
engineers the United States, who have alleged three principal objections 
against it, none which novel decisive: 


statically indeterminate, that is, its reactions and stresses 
are dependent the elasticity its members; 

2d.—That subject stresses from unequal settlements its supports; 
and, 


Although these may objectionable certain cases, 
can readily shown that they are entirely unobjectionable others, and they 
will briefly discussed. 


Static Indeterminateness 


The argument that the stress computations are complicated can readily 
dismissed. For preliminary and comparative designs, the simplifying assump- 
tion constant moment inertia the vertical section through the girder 
truss and the neglect the deformation the web members, furnish 
sufficiently accurate and quick results. For the final design, the slight addi- 
tional time and labor involved the accurate account 
since continuous bridges will never common type. 

The stress calculation, course, the more complicated the greater the 
number spans, but, for other reasons, not advisable have more than 
three four spans continuous bridge. 

The fact that the stresses are, certain extent, dependent the elastic 
deformation the members, characteristic all statically indeterminate 
structures, but properly designed continuous bridge the effect even 
large variations the elastic behavior insignificant when compared with 
other uncertain stresses, such secondary stresses, which exist also 
statically determinate structures. 

Variation between the actual and the calculated elastic deformation may 
due, first, difference between the assumed and the actual modulus 
elasticity; and, second, the influence the details, such gussets, splice 
and tie-plates, rivets, which can only roughly estimated. 

proportional change the modulus elasticity sectional area 
all members due allowance for details has influence the reactions 
and stresses, but only the deflections which change the same propor- 
tion with the 

The effect non-proportional changes well illustrated comparison 
two sets calculations made for the Sciotoville Bridge. was planned 
that, during the various stages erection, the trusses would pass successively 
through static conditions beam two, three, four, and five supports (see 
Plate VI). The the reactions, for the purpose determining 
the necessary jacking forces the temporary supports, and the deflections, 
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for determining the jacking heights, were made, first, the basis the gross 
area the main section the members without allowance for details and, 
second, the basis gross area the main section plus the area section 
equivalent 75% the weight the details. This additional area, due 
details, varies for different members from 25% and averages about 20% 
the gross area the main section. For these two extreme assumptions, certain 
deflections differ 60%, whereas the reactions differ not more than 
0.2% the two-span condition, 465 ft.-775 ft., 10% the three-span condition, 
155 ft.-465 ft.-775 ft., 60% the four-span condition, 155 ft.-155 ft.-465 ft.-775 ft., 
11% the three-span condition, 310 ft.-465 ft.-775 ft., and 0.7% the final 
two-span condition, 775 ft.-775 ft. 

The large differences the reactions the three and four-span condi- 
tions are due principally the great variation the length the spans and 
the comparatively great height the short spans. Continuous trusses great 
height and greatly different span lengths are, therefore, rightly objectionable, 
the more so, because they are also sensitive settlements the supports and 
temperature changes. During erection, such condition conse- 
quence, because the reactions can measured and the bearings promptly 
adjusted height necessary. Where the spans are more nearly equal, 
and the trusses not unusually high comparison with the span length, the 
effect the reactions and stresses from variation the elasticity the 
trusses practically insignificant. 

precaution, and obviate any uncertainty stress action, from dead 
load least, always possible and advisable, was done the case 
the Sciotoville Bridge, measure certain reactions, and, necessary, adjust 
the height the bearings until the reactions are correct. 

should the variation span length continuous truss 
great that the live load any span will cause reversal the dead 
load reactions the adjoining span. For all these reasons, continuous trusses 
over several spans and metallic towers, steel arches, should preferably 
shallow depth, rule first practiced French engineers. 

interesting note that the actual deflections the Sciotoville trusses, 
observed the field, were nearly midway between the values computed 
under the two previously mentioned assumptions; other words, average 
addition about 10% the gross areas the sections, allow for details, 
should made when calculating elastic deformations. 


Effect Settlements Compressibility Supports 


Where considerable settlements the foundations are anticipated, 
where the supports are high elastic towers, the continuous type bridge 
not advisable, unless care taken eliminate the effect inconstant 
levels means adjustable bearings. 

The stresses caused the ordinary compressibility the supports can 
computed and, they are not unduly large, can neglected provision 
can made the sections. 
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Settlements the foundations are less objectionable the longer the spans, 
already mentioned. For similar continuous trusses with equal pro- 
portion height span length, the same settlement support causes 
stresses approximately inverse proportion the span length. Since settle- 
ments may assumed proportional the foundation pressure and since 
the latter about the same for long and short spans, under the same soil 
conditions, follows that, general, the danger excessive stresses due 
settlements less the greater the span lengths. special cases, may 
advisable design the permanent details the truss bearings the piers 
and abutments may raised lowered hydraulic jacks 
any time, needed maintain the original levels. 

the the Sciotoville Bridge, settlement in. one the end 
piers, was possible, settlement in. the middle pier, the others 
remaining undisturbed, would change the reactions only 0.6 per cent. 
evident that even considerably greater settlement, which would seriously 
disturb the vertical alignment the track, would not objectionably affect the 
stress condition the When the Kentucky end the bridge was 
raised its final position, after erection had been completed, difference the 
jacking force for the last in. jacking was noticeable. This shows that 
for spans this length continuous trusses are unobjectionable, even the 
foundations not rest solid rock. 

already mentioned, the first continuous trusses had solid webs (Britannia 
Tunnel Bridge) and the Continent small mesh lattice webs. The sec- 
ondary stresses the web are importance the first type and, the 
latter type, they may considered rather beneficial, since they contribute 
stiffness and absorb some the bending stresses the trusses, proven the 
fact that the lattice can bear some load when the chords are cut away, only 
the chord sections over the bearings may need reinforcement against bending. 
some instances, the continuous small mesh web girders over several spans 
were erected falsework with camber the entire length 
bridge and then let down the pier bearings, produce the 
trusses initial bending stresses opposite those from live load. Such was the. 
procedure erection the continuous truss viaduct five spans high 
iron towers over the Thur Ossingen, Switzerland, 1873. The writer 
was the Engineering Staff for that structure, for which the statical com- 
putations were considered quite feat that time. 


Temperature Effects 


Temperature stresses continuous trusses may caused, first, the 
expansion contraction intermediate supports, particularly high steel 
towers, and, second, unequal temperature changes different parts the 
trusses themselves (uniform temperature changes all members cause 
stresses). 

The first effect similar that settlement the piers and greater, 
the higher the intermediate supports and the shorter the spans. some 
existing bridges, amounts much 25% the stresses from dead 
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and live load. is, however, insignificant and negligible the case long 
spans resting shallow piers. the stresses can calculated, easy 
make the necessary provision the sections. 

The second effect neglected, rule, although case where the 
bottom chords are protected from the direct rays the sun solid floor, 
the temperatures the top and bottom chords may differ considerably. The 
effect such difference similar that variation the elasticity 
the truss members and may serious case where the lengths 
spans vary considerably. 

the case the Sciotoville Bridge average difference temperature 
10° Fahr., between the top and bottom chord (the effect the web mem- 
bers insignificant), would change the end reactions only 1.5%, which 
negligible. 

Summing up, one arrives the well established conclusion that con- 
tinuous trusses are generally unobjectionable under the following conditions: 

the lengths the spans not vary greatly, and the trusses 
are not unusually high compared with the span length. 

2d.—Where the foundations rest fairly solid ground, compressibility 
the soil being less objectionable the longer the spans. 

3d.—Where the intermediate supports are not excessively high com- 
parison with the span length. 

every continuous truss there are few members, such the chords 
near the points contraflexure, web members near points maximum 
moment, which are most sensitive the effects enumerated, because their 
sections, required the dead and live load stresses, are comparatively small. 
Such members, rule, will require for fabrication erection purposes 
section somewhat excess that required the stresses, provide 
certain margin for possible variation. advisable always investigate 
such members and proportion them that they are strong enough under 
reasonably extreme assumptions. 

Advantages Continuous the mentioned, 
far they can classed such case, must weighed the 
advantages which the continuous type possesses over the simple span the 
cantilever. 

regards economy, not feasible make general comparison 
between the continuous bridge and the cantilever since that depends largely 
the arrangement the spans, which usually governed local condi- 
tions and necessity must different for the two types, owing their 
different character. comparison with series simple spans the same 
length, however, the continuous truss shows decided economy which 
greater the longer the spans and, certain limit, greater the number 
spans. For long spans, the saving cost may much cent. 
For short spans, the economy over simple spans not important, but greater 
rigidity under passing loads advantage. 

point rigidity, measured the deflections, the continuous truss 
compares favorably with the simple span and shows decided advantage over 
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the cantilever. Its deflections and amplitude vibrations are smaller, and 
the elastic line smoother and devoid local kinks such occur the 
hinges cantilevers. Both rigidity and economy gain from the fact that 
truss members subject reversion stress (tension and compression) can 
riveted members proportioned only for the larger stress. 

all statically indeterminate structures, the con- 
tinuous truss has the advantage that when member seriously weakened, 
may happen the case the derailment train and collision with the 
trusses, the probability failure the whole bridge less than the 
case the statically determinate simple span cantilever. This greater 
safety still more pronounced when the truss webs consist small mesh 
lattice. 

The continuous bridge presents greater difficulties erection than the 
cantilever, but offers the advantage over the simple span that can 
erected the cantilever principle without, with little, additional material. 
This was one the governing factors the case the Sciotoville Bridge. 

From the esthetic point view the continuous bridge can well compete 
with the simple span cantilever, properly designed, but not with the 
more artistic arch suspension bridge. 


3.—SUBSTRUCTURE 


piers rest solid shale rock which has nearly 
vertical stratification. The maximum foundation pressure 9.5 tons per 
sq. ft. from vertical loads only and 12.5 tons per sq. ft., with longitudinal 
force acting. 

The foundations presented unusual problems, except that the center 
pier required very heavy coffer-dam obviate the danger the coffer-dam 
being washed away flood since had rest bare rock bottom. 

piers are concrete, reinforced with steel rods prevent 
shrinkage and temperature cracks. Both the and down-stream ends 
the piers are semicircular. The tops are marked octagonally shaped massive 
copings which give neat appearance additional expense. 

The surfaces are plain, having been wetted and rubbed smooth finish 
with bricks immediately after the forms were removed. The top 
surfaces were troweled smooth finish before the concrete had set and, 
after hardening, received two coats cement filler. 

The center pier which resists the longitudinal from the entire bridge 
and carries vertical load tons, ft. under the coping 
and has batter all around 1:10. The shore piers which carry only vertical 
loads 5100 tons, are ft. under the coping and are battered 20. 

The concrete mixed the proportion part Lehigh Portland cement, 
parts sand, and parts gravel. Sand and gravel excellent quality were 
obtained from river bank few miles below the bridge site. The rein- 
forcement consists 1-in. square steel rods, arranged shown Fig. The 
copings are reinforced longitudinally 20-in. beams, spaced ft. 
apart and running the full length the pier. They serve also distribute 
the load from the bearings. 
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The pier the Ohio shore intersects the ground surface mid-height 
the embankment, about ft. above low-water level. The foundation was 
placed during low water dry open excavation through about ft. clay 
and ft. loose disintegrated shale rock. This pier Novem- 
ber, 1914, and completed March, 1915. 

The pier the Kentucky shore near the bottom the embankment, 
where the ground surface only about ft. above low-water level and the 
soil mostly sand. conditions made desirable sink the pier 
concrete caisson with steel cutting edge, working chamber ft. high, 
and four shafts ft. in. diameter. was not necessary, however, 
resort air pressure. All excavation down the solid rock, about ft. 
below low water, was done open dredging with orange-peel buckets while 
the caisson was flooded. About ft. disintegrated rock was removed 
hand, for which purpose the caisson was kept dry pumping, having been 
carefully sealed with empty cement bags rolled behind the cutting edge. 
there was considerable seepage through the rock bottom, drain sumps 
were provided from which the water was pumped during the concreting 
the working chamber. These sumps were finally filled forcing cement 
grout down through pipes compressed air. The cutting edge was set 
June 22d, and the pier completed September 14th, 1915. 

the middle river pier, the rock surface practically level and barely 
exposed low water. The rock was excavated depth ft. give 
the pier firm hold against dislocation under possible ice pressure. This 
depth also proved necessary for the removal all disintegrated and seamy 
rock. 

Excavation and concreting were carried within wooden coffer-dam 
set the rock bottom. This coffer-dam was ft. high, ft. wide, and 129 
ft. long, and had double walls ft. apart. The space between the walls was 
filled with dirt dredged from the river channel. The top was capped with 
2-in. planking prevent the out the fill. Beams ft. high were 
placed outside and inside, along the dam. Although submerged for four 
months during the high-water season, the coffer-dam remained intact. 

Construction the coffer-dam was started November, 1914, and the 
pier was completed May, 1915, after interruption four months 
the foundation work during high water. 

The three piers contain approximately cu. yd. concrete and 250 
tons steel reinforcement and cost $165 000, $11 per cu. yd. They were 
built contract the Dravo Contracting Company, Pittsburgh, Pa., 
with average daily force 105 men. 


SUPERSTRUCTURE 


Rigidity was one the main considerations working out the design 
the steel superstructure. With few modifications, the rules design were 
the same those for the Hell Gate Arch Bridge and Approaches, and are 
contained detail, with explanatory remarks, the paper Ammann, 
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Am. E., that bridge.* They are, therefore, only briefly quoted 
here insofar they apply specifically the Sciotoville Bridge. 

Loads and stresses except those from wind and lateral forces 
were computed the accurate theory elasticity, considering the elastie 
deformation all members after their section had been determined. The 
stresses from the wind and lateral were computed assuming constant 
moment inertia the lateral truss. The assumed loads were follows: 

The dead load (D) was carefully for each panel point after 
the general details had been fully worked out. the weight 
from the shop drawings showed the assumed weight excess and, 
therefore, re-calculation was made. The average dead load 200 lb. 
per lin. ft. bridge, which includes 1400 per lin. ft. assumed for the 
two tracks. 

The live load each track was shown Fig. (Cooper’s E-60 
loading). 


DIAGRAM SPECIFIED LIVE LOAD 


where the live load had separated, order produce 
maximum stress, the engine load was placed the stretch producing the 
greater portion the stress and uniform load 6000 lb. per ft. track 
the stretch contributing the smaller portion. 


The impact (J) was according Lindenthal’s formula, 
follows: 


which, 


dead load stress, pounds. 

live load stress, pounds. 

length train behind locomotive tender for position maximum 
stress, feet. 

number tracks loaded for maximum stress. 


The lateral force (Lat.) from trains was 10% the live load one track, 
Cooper’s E-6 loading acting horizontally ft. above the rail. 

The wind pressure (W) was 800 lb. per lin. ft., stationary along the top 
chord, 700 Ib. per lin. ft., stationary along the bottom chord, and 500 
lin, moving ft. above the rail. 


Transactions, Am. Soc. E., Vol. LXXXII (1918), 852. 
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The longitudinal force (Br.) from braking traction one track only 
60000 Ib. wheel-base ft. for each locomotive, 1000 per 
lin. ft. track for the whole train. 
The total stress was follows: Members with dead and live load stress 
Excess and Br.) 20% Members free from 
dead live load stress were proportioned for total stress Br. Lat. 
The permissible unit stresses, pounds per square inch, were follows: 


Gross section, 000 100 20) rounded the nearest 


500 which the length and the radius gyration 
the whole section. 


For latticed members, further deduction 100 20) was 

made, which the length and the radius gyration 

the unsupported portion the section between lattice con- 


nections. 
Bending rolled shapes, girders, and steel castings, net section. 
Shearing webs, shop rivets, and 000 
Shearing field rivets and 000 
Bearing field rivets, turning-bolts and pins................. 000 


specification for proportioning compression members differs somewhat 
from that used the Hell Gate Bridge. The specified compression stress 
applied the gross instead the net area the section with the provision, 
however, that the stress applied the net area shall not exceed 20000 per 


net area usually governed for members with less than 50. 


Further, instead different sets unit stresses for different types 
sections (closed section and sections with one two open sides), the same 
stress was used for all sections, subject, however, the previously stated 
deduction for latticed members. 

General steel superstructure, built, double-track, 
two-span, continuous bridge, with total length 1550 ft. between centers 
end piers, two equal spans 775 ft. and two clear openings 750 ft. 
low-water level. 

obtain ample lateral rigidity, the width between centers trusses was 
made ft. in., one-twentieth the span length, although first 
somewhat smaller width was considered sufficient, view the continuity 
the lateral truss. The height the middle each span 103 ft. in. 
between centers chords. fix this height, the portion the span between 
the end pier and the point contraflexure was considered simple span. 
This portion varies from three-fourths the span length for uniform load 
both spans seven-eighths the span length for uniform load one span 
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Flooring 
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erected and self supporting 
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LINDENTHAL 
SCIOTOVILLE BRIDGE OVER THE OHIO 


Note: All Top and Bottom chord Members. End Pests and Diagonals 
to have transverse Diaphragms about 16/apart . 
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only and averages 630 ft. length. The height the truss was chosen 
approximately one-sixth this length. 

The height over the center pier 129 ft. in., one-sixth the span 
length; this the proper height for simple span the which 
has the same maximum moment the center the two-span continuous 
bridge over the middle support. 

The height the end was made ft. in., equal double panel, 
order give the end posts inclination not less than degrees. 
These heights also secured pleasing outline for the top chord. The web 
system the Warren type, with subdivided panels uniform length 
ft. in., which was found the most economical. 

Truss Members and preliminary designs the trusses 
were made, one with tension members built pin-connected, 16-in. eye- 
bars and one with riveted members and riveted connections throughout. 
the first design, all riveted members had riveted connections most them 
had designed for reversal stress and pin connections were allowed 
for such members. This design was unusual, that the eye-bars the 
heavier tension members were arranged two chains, one above the other, 
each. consisting two sets bars corresponding the two webs gussets 
the riveted members. 

The principal panel points were carefully detailed for both designs, and 
was found that they were feasible, although requiring unusual connections 
and gussets the largest practicable sizes. 

Bids were asked both designs. The eye-bar design, although about 200 
tons lighter, proved only slightly cheaper, according the lowest bid. 
The riveted truss design was finally adopted, view its superior rigidity, 
durability, and safety. The Sciotoville Bridge is, therefore, the largest truss 
bridge with completely riveted connections. 

The advantages pin-connected bridges, namely, cheaper fabrication and 
quicker erection, are not important to-day they were formerly. With 
the present improved facilities for punching, drilling, riveting, the cost 
manufacture and erection riveted work has been greatly decreased, and 
the time erection less important factor than the pioneer days rapid 
railroad construction. 

Typical sections the truss members are shown the stress sheet (Plate 
V). All members have double webs and all chords and main diagonals have 
inside and outside flange angles. Both top and bottom chords and the 
inclined end posts have one solid top. The bottom flange angles 
the same web are connected flange plate which distributes the stress 
from the latticing both angles. The inclined posts the center pier have 
solid cover, top and bottom, and thus form completely closed boxes. 

All the open sides the members have exceptionally strong latticing, 
ranging from angles, with two rivets, 12-in. channels 
with six rivets. For compression members, the latticing has been proportioned 
for transverse shearing force, pounds, equal three hundred times the 
gross area the member, square inches. The members are stiffened 
against distortion transverse diaphragms about ft. apart. 


vo 
= 
DETAILS PANEL POINT 
END FLOORBEAM 
Same for Kentucky and Ohio Ends 
a ol 
Diaphragms 
i 4°x 4"x 
| | Web Pis. 
MNS 
Pier No.15 Pier No.17 
Kentucky Ohio 


q 
4 


Papers. 


Diaphragms 
4x 4x 


Bottom Chord 

1 Cover 43"x 

2 Flange Pls. 14°x 54" 

4 Webs 48°x 

Lacing Channel 12-26 Ib. 


SCIOTOVILLE BRIDGE OVER THE OHIO RIVER 


13," 


2 Side Pls.16 x 


4L86%6x 


Web Pils. 28 


2 
2 


x4 
Web 


<a 


4Le6x4 


Bottom Chord 
1 Cover P1,48°3 x 

2 Flange Pls. 14°x 


Field Splice. 
4 Splice Pls. 48°"x 45 x 50 
2 « 16x "343 x 9/834" 

1936"x %” x3 10° 

= 14°x 4'1054" 
= 14°x 56"x 10/054" 

1 Tie Pl. 

8 Splice Ls 75x 5%gx 1'x 11'1" 


2 Slice Pls. 32"x He 
«a 46"x, 2 1134", 
w 1934'x 21136" 
2Ls 6x 34 x 13/9" 
2Ls 7'x 3%'x "x 13'9" 


DETAILS PANEL POINT 


The gusset-plates are the plane the web-plates the members, the 
latter being cut the edge and spliced the gussets such manner 


that the rivets are double shear. 


over the gussets. 

The the main panel points are in. thick, except 
panel points, and 20, where they have maximum thickness in. 
The gussets the secondary panel points are in. thick. Correspondingly, 


The flange angles extend all cases 
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2 Web Pls. 27x 
Double Lacing Ls 3x 2% x % Top & Bott. 


4Ls6x 


634 "x 


Diaphragm 
4ts6x 
1 Web Pl, 3 


Tie 


2 Diaphragms 
us 


| = 
Bottom Chord Loo 
4Side 
46x 
1 Cover P1.48 x 5%" 
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Top of Masonry Uda Cy 
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the webs the main members are 18, and in. thick, all being made 
individual plates, in. thick. This uniformity greatly facilitated the 
detailing the connections and the avoiding fillers. 

the full thickness the gussets was not required for the full size, 
some the largest connections the gussets were split into two four plates, 
in. thick, variable size, order save weight. The largest gusset-plates 
are 135 in. in. ft. in., and 140 in. in. ft. in. 
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DETAILS PANEL POINT 


427 


All chords are fully spliced. the Ohio span, which was erected false- 
work, the splices are arranged every second panel point, and the Ken- 
tucky side every panel point for convenience the cantilever erection. 

All shop and field rivets the main truss members are in. diameter, 
except panel points, and 20, where they are in. in. diameter and 


in. long between heads. 


The secondary members have shop 


and 1-in. field rivets. Figs. and show typical connections and 


splices. 
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Bracing.—There lateral system along the bottom chords forming with 
the latter two-span continuous truss. The laterals pass under and are con- 
nected the bottom flange the stringers. 

There also lateral system between the top chords from end end. 
The portions between panel points, and are assumed act simple 
spans, transmitting the end shears these points the portals between the 
inclined posts. The laterals and struts this system are the full depth 
the top chord (Fig. 9). 

The portals between the end posts and between the inclined posts the 
center pier are very rigid. The upper part consists rigid single inter- 
section braces and the lower one solid plate-girder arch (Fig. 10). 

Sway-frames between the other web members have been purposely omitted 
being unnecessary and they would have had made very strong 
resist unequal deflections the trusses. Instead, there lattice frame 
every panel point which acts lateral brace for the long web members and, 
the same time, strut between the upper ends the U-shaped floor- 
beam, the latter acting inverted arch described later. 

The longitudinal struts which brace the long verticals mid-height, 
extend over two panels for better appearance. They were also useful the 
cantilever erection the Kentucky span. After erection, the connection 
one end was loosened allow slide and thus prevent the introduc- 
tion indeterminate stresses. 

bearings are cast steel. The bearings the center pier 
are fixed; those the ends are movable. The longitudinal force from braking 
and traction thus transmitted the center pier which carries about 60% 
the vertical load the entire bridge, the longitudinal expansion the 
bridge being divided between the two end bearings. 

The center bearing each truss carries total vertical load 406 000 
impact, and transmits, further, longitudinal force 
Ib. consists the shoe-casting (Fig. 11), bolted the truss, and 
pedestal made three individual castings arranged two tiers. The 
truss transmits its reactions the shoe direct bearing the gussets which, 
for this purpose, are extended somewhat below the bottom chord. The upper 
surface the shoe-casting planed slightly parallel the truss 
prevent dangerous edge pressure, although the casting has been proportioned 
assuming the load distributed uniformly over its full length. 

concentrate the reactions and permit the truss deflect freely, the 
lower surface the shoe-casting was planed cylindrical surface with 
radius 1150 in., whereas the top surface the pedestal was finished 
perfect plane. Under maximum load, the contact area about in. 
wide, and the greatest pressure along the center line this area 900 
per sq. in., the average being 300 

The reactions the bottom lateral truss are transmitted from the lateral 
gussets through diaphragms lateral extension the shoe-casting order 
relieve the gussets the main trusses transverse bending. The longi- 
tudinal force transmitted from the main gussets vertical lugs the 
shoe-casting means turned bolts in. diameter. prevent hori- 
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Fic. 10.—Box PorTALS BETWEEN DIAGONALS OVER CENTER PIER, SCIOTOVILLE BRIDGE. 
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D.L. 
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860000 
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INTERMEDIATE FLOORBEAM 
Assumed Wind, Lateral Braking Force 
Windalong Top Chord = 3800 Ib. per lin.ft.of Bridge 
“ “ Bottom Chord=700 “ “ 
Lateral Force from Train =16% Live Load one Track 
Braking Force Ib. per Bridge one Track 
or: 1000 Ib. per one Truss 
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zontal motion, the shoe-casting secured the pedestal four steel dowels 
in. diameter. 

The complete bearing weighs tons and the heaviest individual casting, 
tons. The end bearings are much lighter and are the ordinary type with 
pin in. diameter and nest rockers in. high. Each end bearing 
weighs, complete, tons. 

Floor tracks are four lines stringers the 
usual plate-girder type, which are framed into the floor-beams. 

The floor-beams, however, are exceptional design. They form U-shaped 
frames (Fig. 12), extending the bottom the overhead struts. The 
available height the floor was too shallow for economical and stiff floor- 
beam the ordinary type computed simple span between centers 
There was, however, sufficient room available outside the train- 
clearance line for wide, deep brackets. making the latter continuous with 
the floor-beam proper, became admissible compute the stresses assum- 
ing the frame inverted two-hinged arch. This reduced the bending 
moments the horizontal portion considerably and effected substantial 
saving weight. The overhead strut takes the horizontal thrust the 
inverted arch. The whole arrangement contributive stiffness and re- 
sistance vibration, and the bridge behaves most satisfactorily ‘that 
regard under heavy trains. 


BRAKING TRUSS 
(one each 
(in Plane Bottom Flange Stringers) 


13. 


Braking large bridges, traction braking trusses are neces- 
sary avoid excessive horizontal bending the floor-beams the longitudinal 
forces. the Sciotoville Bridge, this has been solved novel way 
providing such truss every panel the plane the bottom laterals 
(Fig. 13). this manner, the stresses the stringers from the longitudinal 
force are reduced negligible minimum and the horizontal bending the 
floor-beams from that force and from the deformation (changes length from 
tension and compression) the bottom chords, avoided. 

expansion joints are provided the floor. This feature introduces 
high longitudinal stresses the stringers from the deformation (extension 
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and compression) the bottom chords. reduce these stresses the 
effect the live load, the length the stringers was made correspond with 
the length the bottom chords under full dead load. 

The stringer connections were not riveted until the spans had been 
swung. Even so, was found necessary increase the number rivets 
the stringer connections above that required for the vertical shear, about 
20%, rather the diameter was increased from in. in. avoid 
these high stresses the stringer connections altogether, provision for 
expansion joint each panel was considered, but was found that the addi- 
tional expense for the expansion seats for the stringers would have been con- 
siderable and, moreover, the rigidity the floor would have been greatly 
impaired. 

arrangement with only four expansion joints, eight panel lengths, 
310 ft., apart, with braking truss the middle between two joints, was 
also considered. Its advantage was slight saving weight braking 
trusses and comparatively small stresses the stringers and floor-beams, both 
from the longitudinal forces and the deformation the bottom chords. 
this case, however, was not proper connect the floor laterals rigidly 
the stringers, because the deformation the chords would transmitted 
the stringers through the laterals, and thus severely strain the latter and 
their connections the stringers. omit these connections would increase 
the weight and decrease the rigidity the lateral system, which together 
with the undesirability expansion joints, finally decided favor the 
adopted scheme. 

Deflections, Camber, and Secondary greatest live load deflec- 
tions the trusses are in. from full load covering both spans and in., 
about the span length, from full load covering only one span (Fig. 
14). This about the same the deflection corresponding simple span 
having height between one-sixth and one-seventh the span length. 

was expected, the deflection polygon showed rather sharp upward 
kink the middle support and indicated high secondary stresses the 
this support. was corroborated calculation these 
stresses, which was made both for full load one span only and for full load 
both spans. 

Without provision for reducing them, the largest secondary stresses would 
Ib. per sq. in. from dead load, and 8100 lb. per sq. in. from live 
load, total per sq. in. the bottom chord next the center 
bearing, and 500 Ib. per sq. in. from dead load, and 300 Ib. per sq. in. from 
live load, total 800 per sq. in. the inclined posts the center 
pier. view this, and account the rigid truss connections, 
was considered advisable reduce the secondary stresses far possible, 
not only near the center support, but throughout the truss, the chords 
well the web members. This was done cambering the trusses for full 
dead load plus one-half the live load, covering both spans, but assembling and 
erecting them that the angles between the members and the bevels the 
joints would correspond the geometric form truss. other words, under 
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the load the trusses are calculated assume their true geometric 


form and the members become straight and free secondary stresses. 

The secondary stresses from dead load are thus eliminated and those from 
live load are halyed or, more properly expressed, the secondary stresses under 
dead load only are equal, but opposite sign, those under full live load 
covering both spans, and, absolute value, equal one-half those which 
would produced full live load the angles between the members would 
correspond the form truss. The largest secondary stresses, 
previously mentioned, are thus reduced 4000 per sq. in. the bottom 
chord and 1650 lb. per sq. in. the inclined posts, which stresses are 
fully covered the margin safety the direct stresses. 

order secure the greatest safety during erection, and because 
reliance was placed the turning the ends the truss members the 
erection proceeded, was decided follow the erection the members with 
the riveting soon practicable and before the members would take any 
appreciable stress. This meant initial bending all truss members for making 
their connections, which was accomplished partly drifting and partly 
special jacking operations. 

This the first bridge, which this method reducing secondary stresses 
all members has been used. great improvement previous practice, 
which secondary stresses were assumed take care themselves, the 
risk overstressing the metal the connections. 

Steel entire bridge two continuous spans, each 775 ft. 
long, contains 240 tons steelwork, follows: 


Total weight, Weight per ft. 


Floor lateral 732 400 475 
Overhead 942 400 250 


The weight the metal the two riveted simple girder spans, each 775 
ft. long, the usual type, and for the same live load, would have been 000 
tons, 20% heavier than the design herein described and built, not counting 
considerable extra metal which would have been required for the erection the 
channel span the cantilever method. 

the proportion dead load live load these continuous spans 
3:2, increase live load from E-60 E-75 would increase the total 
stresses from dead plus live load the average only per cent. That leaves 
large margin safety for the heavier loading ever used. 

The truss span nearest length the 720-ft., double-track, simple girder 
span the Ohio River Bridge Metropolis. The metal weighs 023 500 
11200 Ib. per lin. ft. bridge, the light weight being due alloy steel, 
eye-bars instead riveted tension members, and the use higher unit stresses. 
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IF DEAD LOAD WERE RELEASED 
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ASSUMPTIONS FOR CALCULATIONS OF DEFLECTIONS 


Cross Sections of Members plus 25% Allowance for details 
E = 30 000 000 Ibs. per sq.in. 
Dead Load and Sections as given on Stress Sheet 
Live Load — Uniform Load equivalent to Cooper’s E-60 or 
12 200 Ibs ner lin, ft.of Bridge 
Trusses Cambered for Dead Load plus 4 Live Load Covering both Spans 
Deflections given in inches 
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DEFLECTION 
DIAGRAM 
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AND ERECTION STEELWORK 


Quality parts, except the rivets and the cast-steel bearings, are 
open-hearth structural steel. The chemical and physical requirements for 
the various grades are given Table 


TABLE 


Structural steel. Cast steel. 


Phosphorus, maximum basic 
acid 
Sulphur, maximum 
Ultimate strength, maximum 
ounds per desired 


RESSooo 


in. for other steel... 
Fine silky Silky 
granular. 
180° around pin 180° flat around pin 
thickness three times 
test piece. thickness 
test piece. 


principal requirements for workmanship were fol- 
lows: Punching was allowed full size the hole the material in. 
thick; in. smaller than the finished hole material in. thick; 
in. diameter for rivets in. and more, material in. and in. thick; 
and in. diameter for rivets in. and more, material in. thick. 

All holes punched small had reamed drilled full size after the 
assembling parts. All other holes had either drilled from solid full 
size after assembling, drilled small and reamed full size after assembling. 
most the material in. thick, less, these specifications provided 
opportunity punch holes the widest possible extent and yet insure the 
removal all material possibly injured the punching. All sheared edges 
material more than in. thickness had planed off least one-quarter 
the thickness. 

insure perfect filling holes, rivets with grip less than four times 
their diameter had have, when cold, diameter not less than in. smaller 
than the finished hole where the holes were reamed drilled after assembling, 
and not less than in. smaller than the finished hole where the holes were 
punched full size (the latter occurred generally only less important members). 
Rivets grip four more times the diameter had tapered the 
same size and shape those for the Hell Gate Bridge.* 

Shop Assembling specifications prescribed that the con- 
necting parts the riveted trusses should accurately laid out and assembled 
the shop and that all rivet holes should reamed drilled that position. 

The complete assembling the trusses or, least, series complete 
panels, would have assured the greatest accuracy and least chance for errors. 
This, however, was impracticable because, previously explained, the angles 
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steel, 
0.04 0.08 
Elongation, 
Cold bend without fract 


SCIOTOVILLE BRIDGE OVER THE OHIO RIVER 441 


between the members had conform the form the truss, 
whereas the length the members their unstrained condition conformed 
the “cambered” form truss. 

assemble any panel group panels completely would have required 
forcible bending the members and drilling the holes that condition, 
very difficult and expensive operation. The trusses therefore were assembled 
sections, shown Fig. 15, connecting the web members each chord 
separately. The members were carefully leveled and laid out with transit 
the correct angles, and the distances were carefully measured with steel 
tape. The measurements were usually made the early morning when the 
temperature was uniform all parts. 


{7 


or 


07'50 


TRUSS ASSEMBLING 


AND REAMING 


Connections were made with sufficient number 3-in. tack-bolts hold 
the members firmly together during the reaming and drilling the holes. The 
holes for these bolts had been previously punched in. diameter, and 
all other holes were then drilled from the solid. For this purpose, all the holes 
the top plate each web, the position which the members were laid 
for assembling, had been previously punched in., and this plate served 
template for drilling the holes. Finally, the holes which served for the tack- 
bolts, were reamed full size. 

The chords were laid first exact straight line, the joints being brought 
perfect and forcible contact, and the reaming and drilling the holes 
the splices was started before the web members were assembled. The two 
halves the main diagonals, having splice the M-points, were assembled 
each other the shop straight line, then taken apart and re-assembled 
the chords the assembling yard. 

sub-diagonals, hangers, and horizontal struts were first connected 
and reamed one end, then shifted slightly for connecting and reaming 
the other end. While one end the sub-diagonals was being reamed, the 
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other end was held position temporary connection through few extra 
holes provided for that purpose, which later were plugged. Connections 
sub-posts, which are secondary importance, were allowed reamed 
iron templet. connections were match-marked before the assembled 
sections were dismantled. 


detailed description the erection the steel superstructure 


‘which offered many difficult and unprecedented problems, has been given 
series articles* Clyde Pyle, Am. Soc. E., Field Engineer for the 
McClintic-Marshall Company, the contractors for the fabrication and erection 
the steelwork. Therefore, only the general procedure and the conditions and 
considerations which governed the method erection, will mentioned here. 

The War Department required the maintenance, during erection, 
minimum clear opening 420 ft. over the river channel the Kentucky side, 
for navigation. was evident, therefore, that this part the Kentucky span 
had erected the cantilever method. 

opening for navigation was required under the Ohio span and this span 
lent itself better for falsework erection also account the shallow bottom. 
Even with that span, however, great risks had taken because the danger 
the falsework being carried away sudden flood, especially piles 
could driven account the rock bottom. minimize this danger the 
contractor used narrow falsework towers placed under the main panel points 
only, instead closely spaced bents, thus leaving openings about ft. under 
the main portion the span for the passage drift and ice. 

The erection the entire Kentucky span cantilever, without inter- 
mediate support, would have required heavy additions the chords and some 
web members near the middle pier. The plans, therefore, contemplated the 
erection the four end panels near the Kentucky shore falsework with two 
panels cantilevering beyond, and the other fourteen panels cantilevering 
from the center pier. This scheme would have required only comparatively 
small addition some the members. The six panels the Kentucky side 
would have been erected simultaneously with the other portion, which would 
have saved considerable time. would have required, however, sepa- 
rate erection plant the Kentucky side, and, moreover, the connection 
the two joining arms would have presented difficulties. these reasons, 
the contractor preferred erect the entire span cantilever from the center 
pier, giving, however, intermediate support steel bents the eighth and 
fourth panel points from the end pier, soon these points were reached. 
(Plate VI.) Thus, the free cantilever portion was reduced twelve panels 
465 ft. Even so, was the longest cantilever truss ever erected. The two 
falsework towers near the center pier the Kentucky side were placed merely 
for convenience erecting the extremely heavy panels near that pier means 
the gantry traveler, but did not assist the cantilever erection the 
remainder the Kentucky span. 

One the principal features the erection this bridge was the initial 
bending the members, which was necessary order reduce the secondary 
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Fic. JACKING APPARATUS, SCIOTOVILLE BRIDGE. 


Fic. FALSEWORK AND LAYING STEEL FLOOR SYSTEM AND TRACKS 
GANTRY TRAVELER, SCIOTOVILLE BRIDGE. 
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Fic. OHIO SPAN COMPLETED, SCIOTOVILLE BRIDGE. 
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Fic. 20.—CANTILEVER ERECTION, KENTUCKY SPAN, AND FALSEWORK UNDER OHIO SPAN 
REMOVED, SCIOTOVILLE BRIDGE. 


Fic. KENTUCKY SPAN, SCIOTOVILLE BRIDGE, HYDRAULIC JACKS. 
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Fic. SECTION, KENTUCKY SPAN, SCIOTOVILLE BRIDGE. 


23.—KENTUCKY SPAN, SCIOTOVILLE BRIDGE: TEMPORARY SUPPORTS READY FOR 
DISMANTLING. 
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CHORD MEMBERS, SCIOTOVILLE BRIDGE, BEING LIFTED 
SIMULTANEOUSLY. 
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stresses, explained previously. These operations, well the adjustments 
height the trusses the end piers and the temporary intermediate sup- 
ports, required elaborate preparations and special jacking devices 
fully described the article Mr. Pyle. The contractors deserve full credit 
for the careful and elaborate manner.in which the operations were prepared 
and successfully executed. 

the main the erection procedure was follows: means gantry 
traveler, the falsework and the steel floor system and delivery tracks were 
laid from the pier the Ohio shore two panels beyond the center pier 
the Kentucky side. (Fig. 17.) Then, working toward the pier the Ohio 
shore, the traveler laid the bottom chords which were riveted once while 
lying straight line and were then jacked the desired camber. this 
position, the Ohio end was in. lower than its final position. 

The traveler the meantime having been raised its full height and 
brought back the center pier, the erection the trusses was then proceeded 
with, working toward the Ohio end. (Fig. 18.) had been intended originally 
proceed simultaneously with the cantilever erection the Kentucky span, 
but, account shortage labor and the approaching winter and high- 
water season, with its dangers the falsework, all efforts were concentrated 
the Ohio span order hasten its completion. 

Consequently, the creeper traveler which, the meantime, had been placed 
top the trusses over the center pier, had erected only one panel the 
Kentucky side the time the Ohio span was completely connected (Fig. 
19). The creeper traveler then proceeded with the cantilever erection the 
Kentucky span and, the same time, the timber falsework under the Ohio 
span was gradually removed, leaving only the steel columns under Panel 
Points 12, and support the trusses (Fig. 20). The releasing these 
columns was finally accomplished jacking the Ohio end the span its 
final position, when the Kentucky cantilever had reached about mid-span. The 
jacking was done one 500-ton and four 200-ton jacks under each 
truss (Fig. 21). 

The Kentucky cantilever, having reached the eighth panel point from the 
end (Fig. 20), was jacked in. from the steel bent erected that point. 
This procedure was repeated when the truss reached the next bent the 
fourth panel point from the end. The jacking height that point was in. 
(Fig. 22). When the truss reached the pier the Kentucky shore (Fig. 23), 
had deflection in. was then jacked its final position and 
placed the rocker bearings, whereby the intermediate supports were released 
their load. The final jacking force agreed closely with calculated reac- 
tions that further adjustment was necessary. Fig. shows pair the 
top chord members being lifted simultaneously. 

The operations described indicate sufficiently the sensitiveness the 
structure from variations deflections during erection and the necessity for 
their accurate analysis and computation advance order insure 
exact fit the connections. 

The erection the steel work was started June, 1916, and the bridge 
was completed August, 1917. From the beginning the work the coffer- 
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dam for the micdle pier November, 1914, the completion the super- 
structure August, 1917, all years and months were required for the 
work which, under normal labor conditions, would have taken less than years. 

The writer was assisted this unusual work, bristling with new problems 
and difficulties, Ammann, Am. Soe. E., Principal Assistant 
Engineer general charge; Steinman, Am. Soc. E., computa- 
tions superstructure; and Cuenot the drafting and checking 
detail plans. Robinson, Assoc. Am. E., acted 
Engineer, and Chief Inspector Steelwork the shops. 

The foundations and masonry were satisfactorily the Dravo 
Contracting Company Pittsburgh. The steel superstructure was fabricated 
and erected the McClintic-Marshall Company Pittsburgh, under its 
Chief Engineer, the late Paul Wolfel, Am. Soc. The erection was 
charge Gibbs, Assoc. Am. E., General Manager for 
McClintic-Marshall Company, with Mr. Clyde Pyle Field Engineer. 

The writer desires here especially acknowledge the conscientious and 
painstaking labor his assistants and the helpful experience the con- 
tractors, who combined the successful completion the work. 
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its publications. 


CORE STUDIES THE HYDRAULIC-FILL DAMS THE 
MIAMI CONSERVANCY DISTRICT 


Much has been written from time time about the condition and behavior 
core material hydraulic-fill dams. systematic study the subject has 
been during the construction the five dams the Miami Conserv- 
District, with the result that many the doubts that have existed hereto- 
fore regarding the stability hydraulic-fill cores, have been dispelled. will 
shown this paper that: 


gradation core material may controlled during construc- 
tion, even with borrow-pit materials widely different character. 

2.—A considerable excess fines required the borrow-pit material, 
order maintain proper control the core and prevent the encroachment 
gravel and sand into the core zone. 

3.—A reasonably wide core, namely, core width any point equal height 
dam above that point, may obtained with absolute safety. 

fairly high percentage extremely fine material the core not 
objectionable, provided the material properly graded. 

5.—Such cores show satisfactory rate consolidation. 

cores are stable, after few months consolidation, the 
extent that they will not flow when the support the outside slope material 
removed. 


The five hydraulic-fill dams the Miami Conservancy District form 
retarding basins control flood discharges the Miami Valley, Ohio. Table 
gives the maximum height, length, and volume each the Conservancy 
dams. 


discussion will published subsequent number Proceedings, 
and, when finally closed, the papers, with discussion full, will published Trans- 
actions. 

Engr., Miami Conservancy Dist., Dayton, Ohio. 
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TABLE MIAMI CONSERVANCY HYDRAULIC-FILL DAMS. 


| 
Dam. Dam. Dam. 


Maximum height, feet 
Length, feet 400 


000 
Volume, cubic yards 000 970 000 130 000 


will noted that these dams vary volume from 800000 
cu. yd. and maximum height from 125 ft. 

Fig. shows the standard cross-section which was adopted for the Con- 
servancy dams. 


Spillway Elev 


Upstream 


Note: Artificial blanket; if necessary to give at 
least 4 feet thickness of impervious material. 


The construction the dams was begun during the season 1918, and 
all them have now been completed. Two them have already been action 
during flood flow the river. 


Borrow-Pit Lep Construction 


Before the type dams built the Miami Valley was decided on, 
careful examination was made foundation conditions and materials 
available for construction. The foundation conditions dictated the selection 
earth dams all the sites, and borrow-pit investigations indicated that 
hydraulic-fill dams would practicable and economical. The decision 
hydraulic-fill construction was not made, however, before consultation with 
several experts that type construction, and after careful mechanical 
analyses the borrow-pit material determine the relative quantities 
coarse and fine, and especially the percentage and character the material 
that would pass the 100-mesh sieve. These analyses, well precipitation 
tests, indicated that both quantity and quality the fines the borrow-pit 
material would meet the requirements good hydraulic-fill core. Further 
tests the United States Bureau Soils, which better facilities are avail- 
able than the ordinary laboratory, including comparisons with similar 
material from other hydraulic-fill dams, confirmed the preliminary conclusions, 
namely, that the embankment material available was well suited hydraulic- 
fill construction. 


Careful study was given the design the core for the Conservancy 
dams, with the result that the core width any point was made equal the 
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height the dam above that point. This gave core such shape that 
sloughing the outside slope material would not encouraged, and 
cient width that, with reasonable care, the encroaching sand and gravel too 
far into the core zone could prevented, and narrow enough that additional 
material that required give stable slopes would not necessary order 
hold the pressure the semi-liquid part the core during construction. 

order obtain cores the dimensions decided on, necessary, 
one the dams, waste considerable quantity the core material 
available the borrow-pit, and, two others, open auxiliary pits clay 
deposits adjacent hillsides, make for deficiency fines the main 
borrow-pits. There are decided advantages having surplus core material 
available, that part least the finest that material may wasted: 
First, better gradation core material may thus obtained; fact, after 
the selection the borrow-pits, and such selection material the pit 
practicable excavation proceeds, the wasting fines affords about the 
only remaining opportunity control the gradation the core material; and, 
second, more rapid consolidation core results, disposing some the 
extremely fine particles which, otherwise, are held suspension for long 
period, tend lubricate the whole mass, and retard the process consolidation 
the holding particles which themselves would settle more rapidly. 


CELL 


order study the action the hydraulic-fill cores during construction, 
was determined place various elevations, all the dams, number 
Goldbeck pressure cells. Preliminary experiments with these cells the 
Bureau Roads, the writer’s suggestion, indicated that they would 
give reasonably correct results placed hydraulic-fill full 
tion this apparatus, well discussion the experiments referred to, 
have been published.* Briefly, the Goldbeck cell (Fig. closed, flat, circular 
box, in. diameter, similar shape shoe-blacking box, the top 
bottom which acts movable diaphragm. operated slowly 
admitting compressed air through small pipe, the inside the box. The 
air supplied from small tank which may charged with ordinary tire 
pump. The cell buried known elevation the core, and the movable 
diaphragm held down the pressure the material. When the pressure 
the air the inside equals the pressure the material the outside, the 
diaphragm lifted slightly, electric contact broken, and indicator 
light the registering apparatus goes out. that instant, the gauge the 
air line indicates the pressure the material against the movable diaphragm. 
The operation the cell requires movement the diaphragm less than 
0:001 in. The cell may set either horizontally vertically, and, thus, 
either vertical lateral pressure may determined. 

addition the Goldbeck cells, was planned also use the ordinary 
rod and ball tests, construction proceeded. 


Engineering News-Record, April 18th, 1918, 758. 
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The embankment material was pumped into each the Conservancy 
dams, 15-in. dredge pumps, was impossible sluice directly from the 
borrow-pit the embankment. two cases, however, the borrow-pit ma- 
terial was broken hydraulic giants and sluiced sumps where was 
picked the dredge pumps and into place. the other three 
dams, the borrow-pit material was excavated drag-line machines, loaded 
into hauled the dams, and dumped into long shallow bins hog 
boxes. the hog boxes, hydraulic giants were used wash the material 
the dredge pumps. Thus, will seen that, the time reached its 
place the dam, the borrow-pit material was thoroughly broken and 
separated. 

The discharge pipes laid down this material along the outer edge 
either side the dam section; low levee dike, along the outside slope, 
forced the discharge flow toward the center where the core pool was main- 
tained. The usual separation, characteristic hydraulic-fill construction, 
was thus obtained. The coarser material, consisting cobbles, gravel, and 
coarse sand, remained the outer parts the embankment, and the fine 
sand, clay, and silt, flowed the center with the water, and settled through 
the core pool, form the impervious core. 


MATERIAL Dam SECTION 


every case, this general separation material was obtained the 
extent that the outside slope material was pervious, free draining, and com- 
posed largely coarse particles, whereas the cores were impervious and 
fine material. should noted, however, that the theoretical gradation 
material outside the core zone, from coarse the outside fine toward the 
center, hardly perceptible, except careful examination, and then only 
general way. Although the material near the outside slope line con- 
tains larger percentage coarse particles and more pervious than that 
near the edge the core, still considerable coarse gravel distributed 
through the section the dam from the outside slope the edge the core, 
and there considerable sand near the outside slope well near the 
core zone, which importance. also true, however, that con- 
siderable quantity the fines trapped this outside slope material, which 
importance and must taken into consideration any analysis 
borrow-pit material. Unless such analysis shows large surplus fines 
addition that required the theoretical core section, almost certain 
that the necessity additional supply core material will develop during 
construction. This happened two the Conservancy dams, and although 
was not entirely unexpected one them, had not been anticipated 
the other. 

all five the dams there was distinct deposition sand the 
edge the core pool, forming definite separation between the slope ma- 
terial and the core material. The water flowing down the beaches from the 
discharge end the dredge pipe, dropping the gravel and coarser material 
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Bureau Soils, 
standard sizing. 


Percentage fine 
coarse sand, 
Percentage me- 
dium sand, 0.5 
0.25 mm..... 
Percentageof fine 
sand, 0.25 
Percentage 
very fine sand, 
0.10 0.05 mm. 
silt, 0.05 0.005 
Percentageof 
clay, 0.005 


Germantown. 


14.0 17.3 21.2 
64.2 56.0 55.2 
20.3 22.5 21.5 


Englewood. 


52.7 57.7 55.2 72.0 60.5 52.6 


TABLE ANALYSES 


Lockington. 


TypicaL SAMPLEs. 


Taylorsville. 


28.0 


49.2 


20.4 


0.8 


18.2 


55.9 


22.2 
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along the way, carried still appreciable quantity coarse sand when 
reached the core pool. Its velocity was checked entered the pool, and 
its burden coarse sand was immediately dropped, only the finest the 
material, that is, the fine sand, clay, and silt, going into the core zone where 
settled slowly through the core pool. This, general, was what happened 
when construction conditions were right. shore line, con- 
centration flow down the beach, deficiency core material, and similar 
unfavorable conditions which continually occur construction work, re- 
gardless how well organized, occasionally resulted tongues the 
‘coarser material extending into the core zone, thus emphasizing the necessity 
reasonably wide core section take care such contingencies which, 
however undesirable, can hardly eliminated. The matter gravel and 
sand sloughing raveling into the core will discussed detail later. 


The limitation fines the core material the Conservancy dams was 
largely matter judgment, based the analysis core materials avail- 
able, preliminary tests made co-operation with the Bureau Public 
Roads, and analyses cores secured from other hydraulic-fill dams. After 
construction was started, frequent analyses the core materials were obtained 
through the co-operation the Bureau Soils, and the rates 
consolidation were studied. Table shows the results some the 
typical core material. 

Although cores quite different compositions from those given may show 
good results, may said that all five these dams have been completed 
without the least indication trouble with any the cores, with ample 
proof that consolidation has taken place thoroughly satisfactory manner, 
and that the water-tightness the core, shown several tests, all 
that could desired. the writer’s opinion, the most striking fact revealed 
study Table that, with proper care, cores remarkably similar 
composition can obtained from different borrow-pit materials, different 
river valleys, points from miles apart. not claimed that the 
gradation shown these analyses can not improved, but the results ob- 
tained the Conservancy dams indicate conclusively that cores about 
the composition shown are eminently satisfactory from the standpoints 
rate consolidation, degree consolidation, and water-tightness. call 
mind, again, the different conditions under which these cores were ob- 
tained, may stated that Lockington and Englewood the borrow-pit 
material was used came, with only such control could secured 
varying the depth excavation, thus obtaining greater less proportion 
the clay over-burden, such other selection materials could rea- 
sonably made without unduly increasing the cost excavation. 
Germantown and Huffman, the main borrow-pits were deficient fines, and 
auxiliary borrow-pits, yielding high percentage clay, had opened. 
Taylorsville, there was large surplus fines the borrow-pit, and 
considerable percentage the core material had wasted. the latter 
case, there was the ever-present temptation decrease the cost holding 
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large percentage fines, and taking chances wider core than that called 
for the design. the other case, one had reckon with the desire 
narrow the core fit the borrow-pit conditions. Perhaps both these modifica- 
tions might have been made, within reasonable limits, without detriment 
the work. the light present knowledge, however, believed that 
either would have been undesirable, and might have led trouble. 

Pressure Cell Tests—About fifty the Goldbeck pressure cells were 
placed the cores these five dams. Some have given satisfactory read- 
ings, and some have not. cases where the readings look unreasonable, 
where the cells fail register, sometimes difficult determine whether 
the trouble the cell due faulty installation. With few excep- 
tions, there evidence that any the unsatisfactory results have been 
due fault the cell itself. Defective installation known have been 
the cause many the unsatisfactory readings, and improvements 
installation have resulted marked improvements results. This was 
pioneer effort, and, naturally, much was learned experience, before 
proper methods were determined for meeting the requirements, particularly 
the best methods installation. The first installation was made the 
Germantown Dam, shown Fig. this dam, the cells were suspended, 
two pipes, from the top framed tower which was built sec- 
tions the construction proceeded. Two pipes were necessary these in- 
stallations, one carry the wire connecting with the registering apparatus 
and take the charge compressed air, and the other used blow- 
off case water entered the pipe the cell. This method installation, 
however, was improved later. (Fig. 5.) 

Cells were set vertical position (to measure lateral pressures) 10-ft. 
vertical intervals, and horizontal position (to measure vertical pressures) 
30-ft. vertical intervals. the tower was raised height, the pipes were 
extended connecting another section the top, and another length 
wire (bell cord) was spliced and threaded through the one pipe. The tower, 
surrounded the soft core, was guyed intervals hold place. 

taking the readings, portable gauge box, Fig. was taken out the 
tower, and connected one the pipes from which the cell tested was 
suspended, the pipe being connected the pressure tank and the wire the 
indicator light. plug was removed from the end the other pipe and 
light “shot” compressed air was admitted the first pipe displace any 
water which might have accumulated. was only necessary force this 
water out the way admit air the cell, since the weight 
water column (if any) the second pipe register the pressure gauge, 
and, therefore, would not affect the correctness the reading; matter 
fact, little trouble with water was encountered. The plug was then replaced 
the end the second pipe, and the compressed air was admitted slowly 
the cell, until the movement the diaphragm broke contact and put out the 
light the gauge box. that instant, the pressure gauge indicated the 
core pressure the diaphragm. The movement the diaphragm necessary 
break contact (about 0.0001 in.) slight that the light may put out 
and lighted repeatedly, proper manipulation the feed and exhaust valves, 
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without changing the reading the pressure gauge, thus showing that the 
slight movement the diaphragm does not disturb the core. 


series readings Germantown, covering the period from September 
10th, 1919, May 20th, 1920, are shown Fig. 
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These tests show that after few weeks the core material begins 
consolidate (as indicated the fact that the lateral pressures are noticeably 
less than the vertical pressures the same elevations) and that time goes 
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the difference becomes greater, until after few months the lateral 
pressures the lower parts tlie core are only about two-thirds one-half 
the vertical pressures. the writer’s opinion this conclusive evidence 
that the core those points losing its fluid properties and that consolida- 
tion taking place. These conclusions are confirmed later examinations 
exposed cores, will mentioned. 

These nine series readings Germantown, covering period eight 
months, were very satisfactory. Then things began happen. The dam had 
reached height from ft. and was being constructed the rate 
‘of about ft. per month. became impossible obtain further read- 
ings some the lower cells because air could longer forced through 
the pipe the cell. This plugging the pipe was due, some cases, 
the bunching the insulation the wire the splices, and, others, 
accumulated deposit dirt and flakes galvanizing. When the length 
this small pipe considered (70 ft. the case the lower cells), 
this latter trouble not surprising, although was overlooked the start. 
The use larger pipe, more careful cleaning the inside the pipe, and 
the construction trap the bottom the pipe catch the dirt, cor- 
rected these troubles later installations. Some the pipe joints then began 
leak air, and, about that time, the upper part the tower showed signs 
distress, due probably movement the upper (partly fluid) portion 
the core the settlement material the guys. This movement 
the partly consolidated portion the core was demonstrated sinking 
cast-iron ball into it, marking its position buoy, and checking that posi- 
tion from time time. This simple test gave positive evidence that, the 
earlier stages consolidation, there often some movement, surging, 
the semi-fluid core. Such movement, itself, little consequence, except 
that must given consideration cases where desired construct 
permanent tower shaft withjn the limits the core. Difficulties with 
such towers shafts have been experienced other hydraulic-fill dams, due 
doubt this core movement. 

Thus, the pressure-cell tests Germantown, following the period covered 
the readings shown Fig. were interest, principally revealing 
defects corrected future installations. The Englewood and Lock- 
ington installations were too far along corrected the time the German- 
town troubles had been analyzed. The readings obtained these places 
confirmed the conclusions reached from the Germantown tests, but little 
additional information was secured, beyond what shown Fig. 

Taylorsville, full advantage was taken the experience gained the 
other dams, and much better installation was made. this case, the cells 
were fastened the side concrete cut-off, the high retard- 
ing wall forming part the outlet structure. Larger pipes were used, which 
were fastened securely the same wall, and instead joining the pipe 
sections the dam was raised, the complete installation was made the 
start. the pipe joints special care was taken secure permanently 
air-tight joint. Dirt traps were provided the bottom all the pipes. 
(Fig. 5.) 
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Cells vertical position, measure lateral pressures, were set 10-ft. 
vertical intervals before, but this case two cells were set the bottom 
and the 20-ft. intervals, order check the readings one against the 
other, those points. Cells measure the vertical pressures were set the 
bottom only, because the difficulties making secure installation 
horizontal position thé higher elevations, except points where the vertical 
pressure would affected friction against the wall. Fig. gives the 
results readings Taylorsville. 


July 28, 1921 27, 1921 Nov. 26, 1921 


Hydrostatic Pressure 
for same head 


Depth Core placed each month 


Elevation above Mean Sea Level 


Pressure pounds per square inch 
Lateral Pressure W.S. Water Surface 


Vertical Pressure G.S. Gravel Surface 


will noted that the two cells the 20-ft., vertical intervals check 
each other very closely, except the bottom, where consolidation has taken 
place the extent that the lateral pressures are only about 40% the 
vertical pressures. This indication that the pressure-cell readings are 
fairly reliable. might expected that when consolidation has reached the 
point where the core practically solid, actual lateral pressure might vary 
different points the extent indicated the readings the lower cells. 
The last set readings (November 26th) were taken after the completion 
the dam its full height. The section the dam which the cells were 
set, was built from Elevation 767, where the lowest cells are located, 
Elevation 837, the top the dam, during period six months; during 
one month the core was raised ft. The monthly progress construction 
that section shown Fig. 

The Taylorsville method installation apparently satisfactory. The 
results date have every indication being reliable; they check with the 
readings Germantown, shown Fig. and they appear reasonable 
the light examinations the cores place, discussion which will follow. 
The readings Taylorsville will continued for several months, long 
any further information can secured from them. 

evident, from the data secured thus far, that properly graded core 
material need not treated perfect fluid even after few weeks settle- 
ment, and that after has been place for few months, the lateral pressure 
only about 50% less, the vertical pressure the same depth. 


Noy. 
Od i] | | 
810 
Aug. 
. | 
760 


Papers. CORE STUDIES HYDRAULIC-FILL DAMS 465 


HurFMAN DAM, MIAMI CONSERVANCY DISTRICT. 
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believed that this may accepted fact, kept mind the future 
design hydraulic-fill dams. 

Ball and Rod tests with 6-in. cast-iron ball, and with 
iron rods, all the dams the work progressed. These tests have 
been already described,* and they are not great importance, the discussion 
will not repeated here. They indicated satisfactory and progressive consolida- 
tion the core all cases. Rod tests are value detecting the presence 
gravel the core. 

Actual Core Examinations—By far the most satisfactory and conclusive 
information the character the cores the Conservancy dams, has 
been obtained three the dams, examination the cores where they 
have been exposed their undisturbed condition. the Huffman Dam, the 
old line the Erie Railroad passed through the dam site. The construetion 
the dam was started while the railroad was being re-located and order 
not delay this construction, cross-dam was built along the edge the 
railroad right way, which held back the hydraulic core until after the 
tracks were moved. The core pool was then drained, the preparation the 
foundation was made across the railroad right way, and the cross-dam 
through the core section was removed, exposing the end the core depth 
ft. Fig. shows the core thus exposed. 

Although ft. water stood against the exposed face the core, and 
although stood unsupported height about ft. above the water 
surface, little difficulty was experienced cleaning the foundation for the 
new section the dam and excavating the continuation the cut-off trench. 
The texture the core the steep face, and how the bucket load core, 
dumped the drag-line machine, retains its shape may noted Fig. 
The oldest the core visible this photograph had been place about five 
months, and the top had been: placed about two weeks before the photo- 
graph was taken. would bear the weight man walking across it, 
after the core pool had been drained. The composition this core material 
represented the Huffman analysis Table When studying this photo- 
graph, should kept mind that the face the core, below the water 
surface, was undercut the excavation for the removal the cross-dam and 
the continuation the cut-off trench, which explains the slumping near the 
face. 

the Lockington Dam, when construction had been within about 
ft. the top, the core pool overflowed, washing gully the up-stream 
slope the dam and exposing the core depth about ft. from the top. 
similar accident Englewood, about the same stage com- 
each case, all the water the core pool drained through the 
break. Englewood, the quantity water drained was estimated not 
less than 800000 gal. both cases, the core stood with vertical 
faces and none washed out, except just the break. Only about 10% the 
material moved the wash-out was core material. Figs. and show the 
conditions these dams immediately after the wash-outs occurred. 


Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), pp. 1797, and 1800. 
Engimeering November 1921, 744. 
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will noticed both photographs that the core stands up, unsupported, 
almost vertical faces, and that there was slumping the core, except 
just the wash-out. significant also, that there was little erosion 
the core back from the break either side, although large quantity 
water flowed over when the wash-out occurred. Nor was there 
any appreciable sloughing the core during the three four weeks that 
stood unsupported while the wash-outs were being repaired. Englewood 
(Fig. 9), the top the core had been place for less than two weeks before 
the wash-out. The oldest the core sight the photograph had been 
place only about twelve weeks. 

Samples the core material from these places were taken both eases. 
Lockington, five samples were taken different places, after digging into the 
exposed face far enough reach material that had not been disturbed 
affected the wash-out. the samples was secured using 7-in. 
length stove pipe, biscuit-cutter fashion, and immediately soldering 
top and bottom, thus forming hermetically sealed can, full core lay 
the dam. The moisture content these five samples, determined the 
Bureau Soils, varied from 21.8 22.6% weight. The mechanical 
analysis averaged, follows: 


0.005-0 mm. 


15% 55% 21% 


which agrees well with the typical analysis the Lockington core samples, 
given Table The low moisture that the core gives its 
surplus water within comparatively short time; there doubt that 
after examination the exposed core place. Similar samples taken 
Englewood had moisture content about per cent. The weight per 
foot was about 121 large number pieces core material 
Englewood, some which were cu. yd. more size, were found the 
foot the slope after the wash-out, which showed the toughness the core 
material. The Englewood wash-out occurred section the dam that had 
consolidation takes place rapidly, even when construction progress fast. the 
face the evidence offered these core exposures, there doubt that 
consolidation these cores has progressed highly satisfactory rate. 


How Core Gives Its WATER 


There difference opinion how the surplus water escapes from the 
core. Experience the Conservancy dams indicates that this process 
more rapid than could occur ordinary filtration action. very likely that 
some the water drains out laterally, but there are indications that the 
greater quantity displaced and forced up, vertically, settlement the 
solids and pressure due the superimposed material. many places, 
where pumping had been discontinued temporarily, innumerable little springs 
might seen the bottom the core pool, where water was being 
piping. Fig. illustration this one of.the dams, where the 
core pool had been drained preparatory topping the dam. 
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There further evidence that comparatively little the water the 
core material escapes laterally. While the dams were being built, seepage 
water was always evidence the toe the porous slopes. This flow was 
greatly diminished times when the dredge pumps were shut down and the 
level the core pool had dropped ft. During the construction 
hydraulic-fill dams the arid West, vegetation will grow the foot the 
slopes while hydraulic fill progress, but soon the work discontinued, 
the vegetation will die for lack water, the explanation being that along the 
edge the core pool, immediately below the surface, strip porous slope 
material not yet silted the core; soon the water surface drops 
below this unsilted material, little water escapes through the slopes, and the 
core pool holds the the water for long time. The little springs 
are still action, however, and the consolidation the core goes on, forcing 
the surplus water the surface, illustrated Fig. 11. difficult 
explain the rapid consolidation the Conservancy cores any other way. 


GRAVEL AND SAND SLOUGHING INTO CoRE 


Once Huffman and several times Englewood, trouble was experienced 
the gravel and sand sloughing raveling into the core, its presence being 
detected the rod soundings. every case, this happened when the core 
material was not brought fast enough correspond with the building 
the outside slope material, and could always prevented keeping the 
core well filled with mud. -The coarser material takes fairly steep slope next 
the core pool, and each layer overhangs the one below. Water pressure not 
sufficient hold place. the core pool kept well filled with mud, 
however, consolidates fast enough keep the coarse material from sloughing 
in, and, here again, the advantage apparent having surplus fines 
the core material that some the finest may wasted. 

flow down the beach from the dredge pipe will tend 
carry tongue gravel and sand out into the core. This may prevented 
shear boards break the concentration flow, floating timber 
held ropes close the shore the core pool, the point where the flow 
enters the pool. building the dam lifts not more than ft. 
time, this trouble may avoided more easily. 


may interest give general idea the rate progress the 
Conservancy dams. Germantown, with one drag-line machine the borrow- 
pit, and one dredge pump, average month’s work was about 000 
cu. yd., and during one month, the output reached cu. yd. Huffman, 
with similar equipment, the rate progress was about the same, although 
Lockington, the progress was somewhat less. Taylorsville, with four giants 
the borrow-pits and two dredge pumps, the highest monthly estimate was 
cu. yd. Englewood, with three drag-line machines the borrow- 
pit, and two dredge pumps, the quantity material placed the dam often 
reached 150 000 cu. yd. per month, and during one month was 180 000 cu. yd. 
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PROPERTY IMPROVEMENT AND LANDSCAPING 


The question the subdivision land within city limits after city 
layout has been established, becomes one dependent the desires those 
who wish purchase such land, and the absorbing power the purchasers. 
The inrush for higher pay, cities constructed for manufactures, drew people 
from many the rural districts, and congestion has been brought about 
thereby. These people will back gradually the rural districts where they 
will work the land and use the habitations. They have started great numbers, 
already, some parts the environs the largest cities; for instance, 
the County Westchester and the County Queens, New York State, 
there great deal building going the present time, much which 
small lots. 

The people seem desire less ground than prior the World War. Before 
the war started, some far-seeing people realized that the workingman would 
leave the city and would demand piece land which could build 
house and obtain the benefits the country for his children. one case, 
described later, large tract land was secured the vicinity Wilmington, 
Del., philanthropic gentleman. Much the land this vicinity owned 
extensive acreages the powder interests. The whole tract, about 000 
acres near the city, was purchased with the intention giving the working- 
man medium sized lot, perhaps ft. 100 ft., possibly less, just large 
enough for house, and locating that lot such position that the man 
and his family would have access park lands laid out long strips through- 
out the entire tract. 

The land was acquired most unique way, the purchaser stating the 
owners that eventually was going buy the land; whether could 
this year, five years from now, leave done others fifty one 
hundred years, would taken over, and they could sell any time they 
pleased. order have financed properly, created company, holding 
land that yielded large income. The reaction the owners the proposi- 
tion was such that they have given over their lands the company 
reasonable prices. 

The second great movement, resultant from post-war conditions, 
people ample means, who wish live near the city and enjoy all the facilities 
that the city affords. They are buying lots minimum dimensiens within 
motoring distance the city. They not care farther; other words, 
they term around Philadelphia, they wish “the movie zone”. 
district lying between and min. motor travel from the theater dis- 
trict Philadelphia contains the highest priced property that part the 
country; district lying min. out demands almost 
Apparently, min., so, from the theaters all that desired. The same 
thing pertains districts near New York City, but even more limited 
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extent, because the difficulties are much greater getting back and forth from 
such traffic-laden city New York. 

Several illustrations may cited with regard the so-called “diagonals” 
much certain places they seem neither advisable nor 
necessary. 

Lake Winnipeg, Canada, lies Grand Marie, peninsula the lake, 
much divided into small peninsulas. The focal point about the middle 
the largest part. From that, there radiate three tracts land, 
with water between the tracts, that this city which has its head prom- 
ontory projecting into the lake, maintains its street systems, which follow the 
tracts land, three different directions, forming naturally set diagonals. 
The ordinary diagonal the city therefore eliminated. 

similar condition was found Kitchener (formerly Berlin), Ont., Canada. 
The city had been started several additions which were projected angles 
each other, because the city was traversed two ravines. There, again, 
was practically unnecessary for diagonals. 

few years ago, Long Beach, Long Island (Fig. 1), was sand-bar, 
which, for about 4000 ft., was taken over company and subdivided. The 
Atlantic Ocean its southern boundary, and there channel the rear. 
The railroad has been brought across the channel and extended through 
the center the city. There was particular need for diagonals this 
layout. The lot unit, planned, was ft. 100 ft., and lots were sold 
groups three. The traffic largely east and west, that the east and west 
streets were placed about 200 ft. apart, and the north and south streets about 
700 ft. apart. 

prognosticating traffic, one realizes that if, the beginning, such 
system for New York City had been laid out the present congestion would not 
exist. Although diagonal between the Pennsylvania Station and the Grand 
Central Terminal would great help, would not relieve the situation 
entirely. might alleviate temporarily, but the only solution the delays 
traffic occurring New York City to-day the construction north and 
south thoroughfares. However, diagonal feature respected and not 
rejected entirely for all cases, although has been introduced many places 
where was not always necessary, and, the best, destructive street 
which becomes extremely dangerous with heavy 

Another large tract land, which was planned twenty-four years ago and 
which gradually has been filling with intensive population, Garden City, 
Long Island, where there existed about acres one tract, part 
which was taken for the subdivision. This tract was traversed two lines 
steam railroad, one the south side and the other the north. These two 
lines have now become practically rapid transit lines, the trains running 
frequent intervals into the Pennsylvania Station, New York City, and Flatbush 
Avenue Station, Brooklyn. astonishing fact that the Flatbush Ave- 
nue Station the Long Island Railroad accommodates more passengers than 
the Grand Central Terminal, the ratio being about 28. The stations the 
two lines are connected diagonals, since was thought that these stations 
would the points from which the most intense development would radiate, 
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these being the two points which people would wish go. has worked 
out well; these stations have become the nuclei several developments gradu- 
ally growing together one Garden City. The diagonals are busy streets. 

The idea the Garden City development was for larger lot areas. The 
project was started the late Mr. Stewart philanthropic venture, 
and that feeling has permeated the enterprise within the last five years, since 
which time there has been decided change. The lots were started units 
acre the smallest, when the first layouts were made, but, during the last 
five years, these lots have not sold well, and has been necessary cut them 
down unit 120 ft. 125 ft. or, some cases, even small ft. 
100 ft. other words, one the old street blocks, 500 ft. width, contain- 
ing lots 100 ft. 250 ft., was bisected new street, which gave practically 
four tiers lots instead two. When that was done, the lots sold readily; 
people wanted them—they wanted obtain lot the country, with only 
sufficient room for house and, possibly, garage. They did not want gardens, 
they wanted live the country practically they had lived the city. 
may not best, but, the present time, shows the absorbing power 
the people the vicinity large cities. 

the west coast Florida, below Sarasota, there condition, similar 
way, that Long Island. The land flat and borders the open sea. 
the Florida seaboard, there usually are keys which form bays between the 
land and ocean Gulf, instead permitting open coast. This particular 
stretch land acknowledged the only point the peninsula 
Florida where the high land (or so-called high land; only few feet above 
the water) comes directly out the Gulf waters. The tract miles 
length about miles width, and has been laid off for future towns, 
much City was planned. 

The Seaboard Air Line the only railroad the property, and 
traverses the tract almost mile from the coast. The main town was projected 
the harbor, and points about two miles apart were located future centers 
which were connected with the railway stations and with the coast, and cut 
aeross diagonals that the people could get back and forth from their 
points business their homes, and also the water and the line 
transit. 

The problem there was care for the people who Florida make 
living. They wanted larger places that they could develop the industries 
raising vegetables and fruits. addition the water-front developments, 
there were about acres developed the back country, where the 
land divided into farms, with five acres the unit and where, since people 
have been arriving great numbers, the land has advanced price from 
few dollars several hundred dollars per acre. People who have gone 
Florida live have discovered that about five acres land may devoted 
the raising fruits, without much extra help; that is, one man could 
the work and make living. Therefore, behind the highly developed tract 
the water, which mainly winter resort, there are large tracts, divided 
diagonal roadways, devoted farming. These roadways consist two strips 
concrete, in. wide, which are used motor tracks. They are practical 
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and are much used that part the country. When the automobiles meet 
they turn out the sand which will bear the weight car once twice; 
after that, becomes pulverized and driving difficult. 

Pennypack Park, the City Philadelphia (Fig. 2), presented dif- 
ferent question; its location relation the city, and its were 
difficult problems. The layout the streets around the Park was difficult 
work out. seemed wise border the Park with street, instead of, 
many cities, backing the lots the Park. marginal street, therefore, was 
built around the Park, the case with Riverside Drive and Central Park, 
New York City. Park has unusually circuitous route, 
systematically treated with marginal streets, conform the street layout 
this section the city, under the definite city plan adopted. 

extravagant have lots face one side the street only, but, 
the other hand, the Park and also the lots are benefited. The reaction the 
entire tract probably much better than would if, many real estate 
subdivisions, the streets were made that the lots would both sides, with 
the backs the lots against the Park. this case the subdivision the 
lots will city lots, probably the regular Philadelphia unit ft. 100 ft. 
will intensive development, and the Park affords the only means, 
that section, for relief from the congested condition the city. The Delaware 
River the extreme east, and the City Philadelphia owns table-land 
between the river and the beginning the Park. Pennypack Creek winds 
“S” shape through this land and sometime these lands will developed 
city. the present time, the House Correction the property. 

The unit subdivision should small where the city builds park. 
Where park built, there need large unit for the lot. The ques- 
tion air and light the suburbs cities has become serious. The County 
Westchester, New York, has Commission, appointed make County 
Plan. When problem this kind taken up, and the layout discussed, 
found that the establishment parks most momentous question. People 
not care give land, and the only solution develop parks the 
lower priced land; where this impossible, the numerous golf courses sur- 
rounding the cities are likely solve the problem. 

Golf courses largely are owned golf clubs, and may the great 
salvation the future the development the environs city. Even 
they become valuable, quite probable that the municipalities will take 
them and develop them parks when the clubs can longer carry them. 

One the most recent developments Westchester County the project 
Mr. McE. Bowman, the Westchester Biltmore Country Club, Rye 
(Fig. 3). This project required about 600 acres land and three golf courses 
were established practically the center the property. The acreage 
great elevated plain, about 150 ft. above Long Island Sound, which lies the 
south and east the property. The House which near the east border 
will have about four hundred rooms and being built cost about 


000 000 000, addition the cost the land, which was nearly 
000 000. 
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Three golf courses which are the main object this club, radiate from it. 
There are also tennis courts, riding schools, polo grounds, and the other 
facilities that with the club. The land between the edge the 
course and the margin the property subdivided into plots ranging from 
acre acres, which are selling rapidly. Although the property 
miles out from New York City, these plots are being readily absorbed, the 
idea being that the golf courses will form residential park for the purchasers. 
The land partly wooded, and partly the open, but the size the lot 
minimum for the class people who are buying. 

The people who are buying lots acre acres, formerly bought tracts 
land from 200 500 acres extent. having the small lot, with all the 
improvements that can given, and the facilities afforded that large tract 
golf land, riding grounds, and other amusements, they have solved, 
certain extent, their problem life. The speaker thinks the future the 
project likely good; large tract land held that way most 
desirable. 

During the World War many the industries the country had have 
people near them. The Midvale Steel Company built village house its 
employees. The only available land near-by was steep side-hill, which was 
difficult place develop. All the industries along the Brandywine, Penn- 
sylvania, are the bottom the valleys and, this instance, diagonal road, 
fairly steep grade from the lower level the upper level, was the only way 
get the hill. The streets were laid out from that road, following the 
contours, the idea being simply give the workingmen the smallest piece 
land that would afford house which would not block house, they 
wanted their individual houses. The plans were developed that way, and 
the houses were built, and this development became permanent part the 
Town Coatesville, Pa. was not just village that was built destroyed 
after the war, many were, but was permanent addition the town. The 
houses were built about close together possible. There was attempt 
have gardens, the people did not seem want them; they wanted just 
place where they could have house—some them who became fairly well- 
to-do during the war, had garage. 

The layout near Wilmington, previously mentioned, practically exten- 
sion that city. The Brandywine circuitous stream, which makes its 
environs the more interesting. The northern boundary this development 
about fifteen miles below Coatesville, and the City Wilmington the 
south. The tracts land that were taken for the addition, are the east 
side the Brandywine. Between the city and this tract land large 
property which could not obtained. Part owned the city and 
used for reservoirs, and part owned interest which probably will 
sell future date, although has not done this time. the east 
the intensive development these 5000 acres lying near the Brandywine. 
The land called Brandywine Hundred, the original deeds given the 
King. Through the development are parks and diagonals connecting the 
various centers with the outlying district. The City Wilmington 
old-fashioned layout, being one the first developments the United States. 


7 
7 
q 
7 
q 
q 
q 
a 
7 


a 


THE NATIONAL HOUSING PROBLEM 483 


has gradually been expanded with the thought fairly large city lots. That 
motif will carried through this new development; instead city lots, they 
are about 75% larger Wilmington than they are New York City 
Philadelphia. 

The desire for small lot, about min. drive from the city, 
illustrated the development planned for piece land Bryn Mawr, 
which “the movie zone”, just outside Philadelphia. After careful 
study, was found that the entire surrounding country was intensively 
developed, largely with good-sized houses occupying almost the entire lot. 
the suburbs Philadelphia, the houses are from 75% larger than 
houses the suburbs New York, and are much better built. was found, 
however, that nearly all the owners houses had sold all the land except 
enough for the house and garage, but garden. The development 
Bryn Mawr, therefore, has been laid out give each lot only sufficient land 
for detached house and garage, and practically nothing else. Formerly, 
developments, has been felt that gardens were necessary, and still may 
so, but people not want them. land cut for disposition, 
impossible sell more than wanted the time sale. few years, 
when the property embraced within the city, the amount land will 
reduced, the houses will torn down, and block houses will built. Two 
the present lots may afford room for three houses, that not only wise, 
but positive economy place these streets now about the right distance 
apart for the future development the city, which will embrace, eventually, 
these suburban territories. 
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HOUSE DESIGN 


Whether one deals with the City New York, any other city, housing 
tenements the same. During the speaker’s study this work, many 
complex problems have arisen, which pertain not only technical matters 
construction and plan, but also convenience, finance, economics, and, 
among others, the most important all, the human element. 

Owing the high cost building the last year two, the speaker 
has had study the economics the situation more than the 
past. Fig. shows two plans which demonstrate what meant economics, 
bearing particularly zoning, light, air, and ventilation. These two plans 
occupy corner lots, 100 ft. 100 ft. size; they each have rooms ap- 
proximately the same size, and have rooms floor, therefore they furnish 
unusually good unit basis comparison. 


-Lot Lines——~y 
Rear Yard 


Street Street 


Plan was adopted the speaker before the World War, and possibly 
the first its kind designed and carried out constructed building 
New York City. was extensively copied and, therefore, may said 
type plan New York City. covers sq. ft. building area 
the sq. ft. the lot, 79% the site. Plan however, covers only 
200 sq. ft. (62%), 1700 sq. ft. less than Plan Since both plans have 
the same number rooms and the same rentable area, obvious that the 
sq. ft. excess floor area Plan over Plan may looked 
wasted space. 

There are other points favor Plan Its rear rooms are lighted 
court, ft. in. wide, which width regarded the Tenement House 
Department New York City being almost garden. fact, ceases 
court. Plan has courts only ft. and ft., approximately. How 
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much finer the light, air, ventilation, and cross-ventilation and—the human 
factor, the livability—in Plan than Plan Furthermore, with Plan 
the Tenement House Department has granted permission remove the fire 
escapes from the street front the building and place them the court, 
whereas the law states that any fire escape with exit leading the street, 
shall placed the street. This street location fire escape charac- 
teristic Plan Because the great width and the superior openness 
Plan the authorities have granted the concession placing the fire escape 
the rear. the speaker this seems great advance housing planning, 
because takes from the city streets the unsightly fire escapes which are 
encroachment the sidewalk and detriment real estate values. 

peculiar situation with regard Plan that, after this saving 
planning has been made, squeezing out Plan about 1700 1800 
sq. which means saving of, approximately, $40 000 based 
$0.40 per cu. ft. cost, the financial interests the City New York will 
not lend much money Plan Plan notwithstanding the greater 
economy plan and construction the former, and its far better condi- 
tions respect light, air, and ventilation, and removal fire escapes from 
the street. Plan has the same, perhaps little greater, gross rental in- 
come, due its better situated rooms, $40000 less construction cost, and 
much lower maintenance and depreciation cost. much better busi- 
ness proposition than Plan yet penalized loan. This seems 
strange condition, and the speaker feels that his duty point out the 
members the Society this drawback housing. 

After Plan had been developed, the first man come into the speaker’s 
office was told the new plan and what could for him. said, “That 
all right, you can show saving $40000 structure that 
sort, shall very glad pay you $1500 extra for your plan, but 
will the loaning interests give the same amount that plan the 
old one?” Without consideration, the speaker replied, “Certainly, they 

When the new client had gone, the speaker began realize that build- 
ing loan appraised basis the cubical contents the building. The 
size the mortgage determined taking fixed percentage the valua- 
tion the building, established multiplying its cubical contents 
unit figure building cost per cubic foot. Take, for example the 
contents the two buildings represented Plans and for building 
five stories high. will found that the loan Plan will more 
than $20 000 less than that Plan regardless its superiority economy 
and desirability. The financial institutions place premium lost motion 
and waste space building. 

When the speaker discovered this unfortunate condition, interviewed 
the heads the loaning institutions and was told that they could not give the 
same consideration the improved plan. When expressed surprise 
this, they told him that the only way they knew appraising buildings was 
the basis full contents. The speaker said, “Gentlemen, you 
realize that you are creating future slum?” 
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Without exception, Plan represents the future slum New York. That 
little court, ft. wide, not adequate. causes darkness, odors, dirt, rubbish, 
and other unsanitary and inflammatory conditions. Its greatest weakness, 
however, the matter maintenance. Such court difficult keep 
clean. Tenants, landlords and employees will allow dirt and rubbish ac- 
cumulate the court the fire escapes, and, the dim light, inspec- 
tion difficult. The experience the City and Suburban Homes Company 
New York, which, for many years has successfully housed about 10000 
wage earners rental lower than the speculative tenement builder can 
offer, that narrow courts are difficult maintain that they are weak- 
ness tenement plan. Whereas, with wide courts Plan house- 
keeping exposed the light, and the gaze, and fear public 
opinion, nothing else, induces cleanliness. 

Plan the type fostered many financial interests, owing lack 
knowledge conditions tenement housing. However, the speaker has 
asked the New York Chapter the American Institute Architects for its 
support upholding sound principles appraisal. After several confer- 
ences, the President the Chapter appointed committee discuss the 
matter appraisal with the loaning institutions New York City. This 
committee now proceeding with its work, and developing model tene- 
ment for New York City. 

Another point remains considered this complicated matter 
planning. This the percentage lot occupied the building. 
New York City, the law allows—together with zoning restrictions 
courts, which the speaker feels are too lenient—70% the land oc- 
cupied interior plots and 90% corner plots. Until recently, the tendency 
the part investors has been steer close the law possible. To-day, 
however, the laws and the building world recognize the necessity for economical 
construction and for admitting light, air, and ventilation into the building. 
Opinion differs now only how far land values permit such improve- 
ment. Outside Manhattan Island, and land costing $1500 $5000 
more for.a ft. 100-ft. lot, generally conceded that buildings 
are not economical when they occupy more than 50% the area. The 
speaker designed group four-story apartment buildings Brooklyn, 
which the end city block, 200 ft. along the avenue and 171 ft. 
along each street, and house families three and four-room apartments. 
Each apartment has two three exposures, almost like individual country 
house, and overlooks, not court, but outdoor garden. This group 
buildings occupies only 44% the lot area, and the owners calculate that 
rented about 19% cheaper than more congested types, like Plan 
The superiority this Brooklyn group due both the more economical 
disposition floor area, not possible more congested and more complex 
plan, and much cheaper maintenance. The four buildings are operated 
force consisting superintendent, two men who tend the central heat- 
ing plant cold weather and work outdoors warm weather, and three 
women who cleaning. The buildings are kept clean without great effort, 
apparently. merely taking few steps from point the middle 
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the group, one can inspect every court and area and fire escape the four 
buildings. this case, bad housekeeping would the view the public, 
and, consequently, does not appear. Easy maintenance, which the co-opera- 
tion the tenants induced proper design rather than irksome and ex- 
pensive personal supervision the management, causes less depreciation. 

For the reasons maintenance, together with high cost, due excess 
space and lost motion, the stereotyped apartment tends become slums. 
too costly and, addition, the owner, vainly struggling with the 
heavy depreciation, cannot rent his property figure high enough allow 
for proper maintenance, and permitted degenerate into slums. 
During the period depreciation into slum, the tenement apt pass 
through one more foreclosures. Such the history many tenement 
properties. 

Tenement house management business itself, and the reason for 
its backwardness that heavy depreciation laid carelessness tenants, 
whereas careless planning the building may blamed. One can deal 
with slovenly tenants, but nothing can done with inefficient building. 
Defective plan arrangement promotes slovenliness tenants. 

result growing appreciation the importance these factors 
maintenance and their relation depreciation, the difference opinion 
still existing resolves itself into the question how far congested types plan 
are necessary the highest price land, such the crowded areas Man- 
hattan Island. The working classes, obviously, cannot housed high 
“elevator” structures, and the five six-story “walk-up” their only salvation. 
The speaker has demonstrated, his own satisfaction, that the maximum 
area that can covered economically interior lots between 50% and 
60%, and only little more than 60% corners, very small frontages being 
disregarded this comparison. Plan covers 62%, and has the same number 
rooms the same size Plan which covers 79% the land, and 
can built for less money. One can still reduce the size living rooms and 
bedrooms, and thereby increase the number rooms, but not many more— 
and still keep them fit for human habitation. Satisfactory housing im- 
possible long bedrooms the minimum legal size allowed New York 
City are permitted. bedroom ft. wide, two persons during 
hot weather, does not promote efficiency happiness. The speaker feels that 
studies now being made prove that for those who can afford live new 
housing expensive land, the most economical housing tenements 
covering from 60% the area 100 ft. 100-ft. interior lot, which 
contain many rooms per floor, three, four, and five-room apartments. 
The room sizes are naturally small, but may still within the bounds 
decency. Such high number rooms per floor, however, presupposes 
elimination excess space and lost motion, such hardly ever attained 
this class planning. Even with rooms per floor, them will face 
side court ft. wide, along the party wall extending from street rear 


yard, which will give fairly good ventilation, but not much out- 
look. 
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conclusion, the speaker believes that all would join the movement 
further sound planning and finance, would strengthen the zoning prin- 
ciple. zoning laws better and more efficient planning streets and 
cities effected, what good this work type house such Plan 
uneconomic and future slum—is going built? the larger cities, 


with high land values, the speaker believes the only economic way house 
the people multi-family types dwellings. 
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CERTAIN ASPECTS THE NATIONAL HOUSING PROBLEM: 
PLANNING AND ZONING 


The National housing problem still exists, even though industry rather 
quiet the present time, and the cities are not attracting many people 
during the World War. appears, however, that many people, having 
entered the field industry account high war-time wages, now dislike 
return the rural districts after having obtained taste city life. The 
problem housing these additional workers was felt keenly during the war 
that the Government designed and built many new and complete towns. This 
helped relieve the situation some extent, but was insufficint make much 
impression the National shortage, caused general lessened 
building program. 

When factories are again operating 100% basis, the housing shortage 
will felt more keenly, especially industrial communities, where will 
necessary provide homes for employees. The necessity obvious, since, 
during the war, lesson was learned from the keen competition resulting from 
labor flocking those industries having more attractive housing developments 
and better facilities for living. 


FUNDAMENTAL CONSIDERATIONS 

One answer the question how solve the housing shortage, 
provide more houses. More houses require more building lots and these, 
turn, require more sub-divisions, more streets, more utilities, and miscellaneous 
facilities. 

Housing developments may laid out as: (1) New and complete villages; 
(2) additions existing cities and towns. 

The first will obtain connection with new industries located 
some distance from already established communities. There definite 
assurance, however, that industries will position financially for some 
time come embark extensive housing undertakings, and, the other 
hand, there some tendency for factories establish themselves the out- 
skirts existing cities. would seem, therefore, that the most pressing 
problem the immediate future that providing proper and adequate 
additions already existing communities. 

With this tendency increase the population established cities and 
towns, well consider the effect housing operations the community 
spirit and life. general way, the greater the number home owners, 
distinguished from transients and rent payers, the more can one expect 
sound industrial relations, civic pride, and community progress. these 
advantages are gained, the home purchaser must offered the attractive 
surroundings resulting from proper planning and the security against unde- 
sirable encroachments provided zoning. 


Pres., Morris Knowles, Inc., Pittsburgh, Pa. 


2 
| 
| 
| 
| 
| 
q 
: 
q 5 


THE NATIONAL HOUSING PROBLEM 


Successful housing—in the larger sense the word—requires careful con- 
sideration such phases city planning as: 

(1) Topography, natural resources, and facilities. 

(2) Traffic, transportation, and street facilities. 

(3) utilities and public works. 

(4) Areas for residences, business, and industries, that is, districting. 

(5) Areas for parks, playgrounds, schools, cemeteries, and public build- 
ings, 

(6) these areas zoning regulations. other 
words, the actual planning and zoning housing developments 
matter pertaining directly the general field city 
planning. 

Whether such developments are made separate communities, addi- 
tions existing cities and towns, they require careful consideration. 
definite and orderly study must given each problem, incident the 
evolution comprehensive plan. 

There opportunity for accomplishment the planning entirely 
new community, which not presented ordinary sub-divisions real 
estate developments connection with older municipalities. Many the 
factors, such the character the buildings, the amount and movement 
traffic, which are frequently problematical the latter instances, can 
made somewhat more determinate the planning independent town. 
The new community can planned intelligently, therefore, meet definite 
requirements and conditions. Again, the problems and the order their 
consideration will quite different than revision re-planning older 
communities. 

Where home sites are take the form municipal sub-divisions real 
estate allotments, however, they must designed fit into the com- 
prehensive plan the city. other words, consideration the larger 
community whole must made, order plan intelligently the new 
housing developments. the proposed traffic arteries will contiguous 
with existing ones; schools, parks, playgrounds, centers, will 
provided where needed, and, fact, all the facilities will integral part 
the whole working plant—the city. 


THE PLAN 


There are two necessary closely related steps which have been found 
advisable consider together, after the general requirements the housing 
project have been determined. These are: (1) the main lines for traffic and 
transportation; and (2) the sub-division the land into the various areas 
best suited their prospective uses and the regulation thereof zoning laws. 

has been too often the case that real estate allotments have been laid 
out irrespective transportation public utility necessities, and 
arrangements, and the areas best suited business, industry, residence, 
parks have been ill chosen. These should chosen with respect the possi- 
bilities economical development and their “fitness function”. 

One the important needs sufficient legislation which plan 
layout for housing sub-divisions may made effective and not shifting 
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changeable. addition, laws providing for district, well abutting, 
assessments for improvements and laws for excess condemnation and fixing 
future street lines are all helpful and necessary for completing the 
ment adequate residential areas. 


TRAFFIC AND TRANSPORTATION 


The sub-division the land should accomplished basis trans- 
portation requirements, the character, volume, and destination 
and influenced topography. Traffic and topography have 
important relationship the location and direction streets, their width, 
and grade. thoroughfares should located that they will connect 
the various centers directly possible. Modifications and deviations from 
the straight line will necessarily made, order keep cuts and fills within 
reasonable limits and prevent damage adjoining properties. locating 
traffic thoroughfares, the relationship the sub-division property 
relatively minor importance. 

Secondary thoroughfares, however, should planned with some reference 
the sub-division property, particularly avoid division into awkwardly 
shaped lots. nevertheless, should not unduly sacrificed, although 
not important the case arterial thoroughfares. 

The planning residential streets more closely connected with property 
sub-division. The principal purpose such streets provide access, 
vehicular and pedestrian, and from the houses; and afford open space 
between the houses, thus providing light and air. The relation the resi- 
dential streets the primary and secondary streets the housing village 
great importance. desirable, for number reasons, plan the 
former, and their connections with the secondary and major streets, that 
free outlet will afforded, without attracting through traffic and 
heavy hauling into the residential streets. This not accomplished 
much imposing objectionable difficulties the way, such excessive grades, 
too narrow widths, kind paving; but inviting traffic the main 
highway, the superior facilities and convenience afforded. Such regulations 
traffic can further affected making traffic routes through the residen- 
tial streets relatively indirect, compared with those maintaining the main 

highway. 
ZONING AND DISTRICTING 


Effective planning means little its beneficent results are not protected 
zoning regulations. The districting the city whole, and the limiting 
various classes business and industry certain areas, give permanence 
plan and protection against. encroachment, which should assured 
the home owner. 

With the primary districting plan well established, becomes desirable 
provide various residential sub-districts, dependent the contemplated 
size the project and variety and type houses called for the character 
classes the people be. housed, the required size and shape lot, and 
the cost the land. Districting consists, primarily, utilizing the various 

parts the town parcels land such manner serve the health, 
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safety, and welfare the community the best purpose. Furthermore, 

should include the definition restrictions zoning, establish the dis- 

tricting policy and insure permanency the use property. neces- 
sary, not only make the most effective use the property and build 
the most adaptable ground, but also protect the future purchaser. 

zoning regulations are promulgated and enforced from the beginning, 
they will define the development, districts for many years come. Such 
regulations are now being enforced number American cities and are 

being upheld the Courts. They insure that the purposes the develop- 
ment will obtained and, the same time, protect the interest the 
community and the individual. interest, therefore, note that the 
United States Department Commerce, the wisdom its Secretary, 
Herbert Hoover, Am. Soc. E., has planned promote intelligent and 
wise consideration the subject, the dissemination information directed 
call attention the important and necessary details this subject. 

Such regulations, although exercise the police power, must necessarily 
based, the first place, careful designing and the study probable 
use. The separation between various districts should not made too evident, 
order avoid the creation prejudice against the property lower 
value. watercourse, ridge line, woodland strip, parks, other topographical 
features may utilized desirable means for the purpose. The various 
residential districts should preferably contiguous, thereby reducing the 
outlay for schools, fire protection, and, generally, the cost utilities. 

Among the various areas desirable for different purposes new town, 
addition already existing city, may mentioned the following: 

(1) Industry. 

(2) Business. 

(3) Residences. 

(4) and community centers. 

(5) Schools and playgrounds. 

(6) Parks and parkways. 

(7) Churches and cemeteries. 

(8) and semi-public areas, such as, hospitals, children’s homes, 

etc. 


The extent which the foregoing areas are introduced into the plan 
housing development will depend largely its size and location well 
its relation other and adjoining communities. The various elements 
and their underlying requirements heretofore noted are more less inter- 
related; and their incorporation town plan the problem co-ordina- 
tion and adaptation. Too much emphasis cannot laid the importance 
consistent and co-ordinated planning; the necessity for careful con- 
sideration the essentials each element feature; and the merging 
the whole into well-balanced program. 


AREAS 


The number dwellings per acre, the building density, shows the 
degree which the property can occupied and affords the common 
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comparison use. is, therefore, the measurement the saturation 
the plan and also index housing conditions. This best expressed 
the number families housed per gross acre, including the street area, 
but excluding parks and open spaces. any particular location, the greater 
the number families housed per acre, the less the cost per unit, which 
will result from the plan. high density, however, brought about crowding 
large number families small lots, with narrow streets and lack 
open spaces, poor economy and bad design. leads undesirable living 
conditions, the correction prevention which the object planning 
and zoning. 

Density will influenced the type and grouping houses, the width 
streets, and the space allowed for front yard, back yard, and between houses, 
rows, groups buildings. comparison building densities will indicate 
the real situation only general way, the disposition the open space 
provided and the degree which useful important the amount. 
Detached houses, placed closely together, may afford amount total open 
space nearly large row houses, but the side-yard space may not useful 
adding convenience and providing necessary light and air, fact 
may detrimental. When the cost land high, the number families 
housed per acre may increased, and this can done best and most at- 
tractively building row houses, apartments, two four-family houses, 
rather than crowding detached semi-detached houses small lots. 

The simple but often neglected relationship between streets and grading 
and house location residential sub-division will serve illustration 
the interdependence between the different items the plan. Streets should 
not only located and graded fulfill the requirements traffic, 
access and drainage—their prime functions—but they should also fixed, 
with proper regard economic and desirable house locations, order 
minimize the cost lot gradings. The excess deficiency and the proposed 
disposal materials from street excavation may well factor the 
development design for lot grading. Also, the use and location alleys, 
with their attendant expense construction and maintenance, will depend 
very largely the type and grouping buildings. such 
the foregoing, could multiplied indefinitely, showing the necessity and 
practical benefits obtained the working out carefully considered and 
comprehensive plan before beginning work. 

necessary, therefore, that the streets and lots should studied and 
located unit. The designer must constantly have mind how the lots 
may developed, the approximate elevations the houses, the relation 
the front yard and the street, and the possibilities private driveways within 
the lots for use automobiles and service wagons. has been too often the 
case that streets have been located with regard cuts and fills within the 
street lines only, leaving the property owners either side develop their 
lots best they may. 

Street gradients should established basis their effect the 
abutting lots well the necessity maintaining minimum street grades. 
Improper street gradients often produce such undesirable lots make 
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them almost unsaleable. The relationship between existing and proposed 
gradients streets located parallel with the slope may quite different from 
those streets laid out right angles the slope. 

The utilities necessary serve the community must considered 
fundamental problem connection with the layout and, therefore, must 
studied the same time. addition being carriers traffic the streets 
may also serve the convenient locations for utility lines. Drainage and 
sewerage can effected far more economically reasonable consideration 
given the requirements lines and grades streets. The location 
street valley, such manner that unnecessarily crosses the drainage 
line, thus introducing rising grades, may require excessively deep cutting for 
the sewer. Again, may possible locate cross street line that 
will not only serve the requirements traffic and access, but also afford the 
best available location for the sewers and drains. this cannot done, may 
necessary undergo extra costs lay the sewers and drains private 
easements, follow indirect route, both which are objectionable for 
many reasons. 


CoNCLUSIONS 


desirable emphasize the necessity for comprehensive study and 
plan for all village developments. The construction housing projects 
properly planned does not cost any more than for those constructed with little 
planning. fact, foresight planning for future requirements often 
saves the community many thousands dollars the cost street widenings, 
street maintenance, condemnation land and dwellings for parks and play- 
ground purposes, and for many other items. 

There definite need education and appreciation all the 
economics and advantages gained having housing projects properly 
laid out and developed and thus protected adequate zoning regulations 
order promote the health, safety, and welfare the community. 

The housing problem comprehends not only the need buildings, but also 
opportunity for community progress. Village projects should conceived 
from view the city planner and gifted realtor; executed with the 
experience and skill the engineer, architect and landscape architect; and 
made permanently desirable zoning. 
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TRANSPORTATION RELATES THE 
NATIONAL HOUSING PROBLEM 


Until within few years, the improvements secured the housing situa- 
tion were almost exclusively through the creation and enforcement tenement 
house laws. The possibilities improvement were greatly increased when 
the power zoning was given communities, beginning about six years ago 
New York City. Since that date, enabling acts have been passed many 
States and the zoning idea has spread rapidly. The Hon. Edward Bassett, 
one time member the Public Service Commission the First District 
the State New York, and, later, Chairman the Commission Building 
Districts and Restrictions New York City (the Zoning Commission), 
authority for the statement that the enactment the zoning ordinance 
New York City, which cost for its preparation and promulgation, about 
$75 000, has been much benefit the community the $350 
rapid transit system. This statement may interpreted depreciating the 
subject transportation, but believed that scientific zoning will far 
toward alleviating present-day transportation problems, especially they 
apply the needs the worker for transportation between home and office 
shop. 

Through zoning possible plan cities that the worker may 
able live near his work far greater numbers than has usually been 
possible the past, fixing the boundaries commercial and residential 
districts and their relative areas. smaller cities, and sub-divisions 
larger cities, quite within the realm possibility for practically all the 
people walk from home office factory and visit the local store, 
theater, school without having make use rapid transit facilities. 
Resort has been made several plans secure this condition. Perhaps the 
best exemplified zoning plan, devised Mr. George Ford for 
Rheims, France. The authorities that city first adopted typical American 
gridiron street plan for their new city. was pointed out them that they 
were losing their personality community and that the best American 
city planning practice included zoning such way bring about the 
best relationship between the industrial and residential districts. The city 
authorities abandoned their first plan, and eventually adopted the one devised 
Mr. Ford. Industrial districts which were wedge-shaped, were located 
radially about the city, with belts between adjacent wedges which residences 
should located, together with stores along the main radials which traversed 
the residential belts toward the principal mercantile district the center 
the community. The residential belts were approximately mile wide, 
that worker need walk more than mile from home factory and 
much less distance his shopping. 

assumed that residential lot ft. 100 ft., that 40% the 
residential district devoted streets and other purposes, that one 
worker with his family occupies each lot, that for each worker 400 ft. 
industrial area required, and that worker walk more than mile 
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from the boundary the factory district his home, then easy 
matter compute the diameter theoretical industrial district which 
would house corresponding number families workers, belt mile 
wide around it. also interesting note that one side the circular 
thoroughfare which may assumed surround the industrial district, would 
provide ample frontage for all the usual and necessary mercantile establish- 
ments required provide for the 000 workers for which the district has been 
assumed and for their families. arranging new city re-arranging 
old one, thus seems possible largely cut down transportation facilities. 

Much progress has been made improving transit facilities carry 
workers considerable distancés and from work. The provision improved 
facilities tends create suburban centers with intervening, unimproved dis- 
tricts between them and the central part the community. These unimproved 
stretches are burdens the municipalities. Utilities like gas, water, light, 
and pavements must extended into the suburbs, the mains and feeders 
being designed sizes sufficient for large future increases use, all 
which, interest and maintainance charges must paid. The better the 
transportation facilities, the larger, generally are these vacant stretches and 
the heavier the community burden. curve might drawn which would 
indicate this condition, which the ordinate would increase with distance 
from the center. 

Congestion population equally municipal handicap. The wider 
can spread, the less the community cost the way sickness, im- 
morality; and the other evils congestion. curve portraying these elements 
would have downward slope the distance increased from the center 
congestion. Were these two curves superposed, the ideal condition would 
obviously the point where they crossed. other words, just sufficient 
transportation should provided obviate congestion, but also only suffi- 
cient create compact community economically possible. 

The decrease congestion one moves away from the center com- 
munity, reflected real estate values. The latter seem inversely 
proportional: the distance traveled from the community center. 
investigation recently made with reference certain district Brooklyn, 
Y., was found that the time zone map and the real estate valuation map 
which equal-value lines had been drawn, were strikingly similar. was 
ascertained that min. travel the rapid transit system corresponded with 
$20 per front foot interior lot decrease real estate value. Assuming 
25-ft. lot $20 per front foot, with one family per lot, from which the 
man rode twice each week day and his wife took four rides per week, was 
found that the value the time these individuals was cents per min. 
This corresponds with annual income about 000 per family per annum, 
which was known agree well with the class people who reside the 
district Brooklyn, which was studied. 

All are familiar with what was done during the World War extending 
residential zones around war plants, developing transportation facilities. 
Except for war needs, such process not the best for any community; how- 
ever, with large plants, this condition becomes imperative. While sitting be- 
side worker street car Detroit, Mich., was ascertained that this 
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man consumed hours each day traveling between his home and the Ford 
Motor Plant which worked. thought was exceptional, but be- 
lieved that the improved conditions, with open air and country, provided for 
his family, were better for them than live amid greater congestion 
that could spend less time the street car. 

questionnaire distributed Cincinnati, Ohio, year two ago, re- 
vealed the fact that among 1000 workers, there was preference the part 
95% for homes the suburbs. The answer the question 
why they held this preference gave almost equally large number answers 
the effect that desirable housing facilities were not available the down- 
town district where they would otherwise prefer live. There thus seen 
large element psychology even the transportation business 
affects housing. 

Concentration being superseded dispersion. The old-time central 
meeting point, to-day being disseminated. school being equipped 
social center and many community sub-centers are being built, that 
there are only the larger theaters, the larger department stores, and the rail- 
road station that are any sense unique centers, and they can widely 
separated great advantage. The banks are opening branch banks; the post- 
offices have sub-stations and many stores the chain type have widely 
distributed branches. There are the corner grocery and the corner drug 
store. some cities, even possible pay one’s taxes without going 
the City Hall. Such dispersion great reducer transit congestion. 

far the congested districts cities are concerned, tendency seems 
growing toward the elimination street-car tracks down-town areas. 
The present tendency toward the elimination, possible, rigid 
street use. One sees the trackless trolley coming into use, transit facilities 
are being placed underground overhead, and traffic, all directions, 
being built better ordinances and better regulations. This action 
demanded for the benefit vehicular traffic. can often secured 
ehanges routing and the creation circumscribing belt lines. Ten years 
will probably see great change this direction. 

The economics transportation has become well established that 
can now stated that the density population and the riding habit the 
residents part any community determines the kind transportation 
which will pay. 40-min. headway indicated, means that the motor 
bus must used. Where min., the trackless trolley the thing. 
About 10-min. headway makes the trolley line the advantageous method 
transportation. With 3-min. interval, one must high-speed rapid 
transit. the basis such economics, one can very nearly determine the 
type system that will work out best, for example, connect the outlying 
districts with the down-town section large community. The trolleys can 
just about far, and they should met with trackless trolleys, with 
buses beyond them. 

Housing inextricably involved with transportation. The two possess 
psychological well social and economic aspects. Certain general prin- 
ciples can laid down, but the specific case must handled largely its 
merits. 
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DISCUSSION THE NATIONAL HOUSING PROBLEM 


Am. Soc. E.—There just one phase the housing 
problem that has not been mentioned. the speaker’s opinion, one 
the most important phases that problem—if not the most important one— 
particularly great city. Engineers think too much the house alone, 
that is, the home alone. workers all recognize the United States 
that with the home there must also the workshop. essential that the 
two connected. essential, any housing proposition, that transporta- 
tion considered; and yet the question transportation never con- 
sidered except far the private investor willing provide it. 

home may provided with water, sewers, and light, but unless 
connected with the workshop, useless those who occupy it. The 
transportation phase the problem much social problem, and just 
important, any other feature the housing problem. 


Jun. Am. Soc. the zoning ordinance Pater- 
son, J., became law backed the city police power, property owners, ad- 
versely affected the zoning law, objected that their property would depre- 
ciated the fact that only two-family houses next existing store will 
permitted. That particular residential plot land has dropped value, 
compared with the recent advance the adjoining business property. Other 
property owners object the building regulations governing Class Resi- 
dential Zones. 

The value narrow, odd-shaped lots this high-class zone, drops 
the larger improved lots. Some land-owners claim unjust treatment the 
prohibition buildings that locality permitted Classes and Resi- 

Board Appeals has been instigated regulate these and similar cases. 
The question, therefore, arises how this problem will work out; what 
extent few must sacrifice their small gains for the benefit the entire city. 

The speaker hopes the ideas expressed the discussion the “National 
Housing Problem” may soon carried out the benefit and progress the 
American citizen. 


most important influences affecting the National Housing Problem the 
modern zoning ordinance. Zoning, however, closely related the park and 
boulevard plan and this, turn, the street system. The street plan 
dependent the railroads and often seaport requirements. Furthermore, 
there can adequate design streets and transportation lines without 
regard the location industries and commerce. The problem trade and 
manufacturing is, course, directly dependent the labor problem. 
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reduce labor “turnover” properly housing the workmen one the chief 
ends the city plan. Thus, passing around the circle, the starting point has 
been reached again, namely, the housing problem, which, its relation 
zoning, the subject the following remarks. 

The chief characteristics modern city planning are unity and compre- 
hensiveness. The elements the plan must harmonized; feature can 
altered without affecting others and thus affecting the whole plan. The writer 
finds difficult limit himself the influence zoning the housing 
problem for the reasons already given and also because the fact that ade- 
quate housing only one the benefits conferred zoning. The other 
benefits re-act powerfully the housing problem. 

define the policy and practice zoning impossible because the 
rapidity its development. would folly limit its scope possibilities. 
Those who have made study during the few years its operation are 
unanimous their confidence its potentiality. Zoning, districting, con- 
sists the dividing city into districts for the regulation and betterment 
living conditions, business, and manufacturing. Its aim efficiency 
—to divide the city’s territory that may put its highest and most 
specialized use. Its object the segregation homes, factories, and busi- 
ness houses, and the establishment limited control over all building 
operations far the height, size, and use the buildings are concerned. 
Zoning the constitutional use the police power the interests health, 
safety, and general welfare. Zoning not merely prohibitory ordinance, 
protection for dwellings and restriction for manufactories and business 
houses, but rather great constructive power for the up-building the 
whole city. 

urban life, the first restrictions property were the fire laws which 
were necessary for the mutual safety families living closely together. 
one would now question the desirability fire laws, and yet they were what 
might have been called violation private property rights. Next, came the 
building laws which were enacted the interest the public health and 
safety, with their minute regulations concerning building materials, sanita- 
tion, size, and management buildings, clearly violation the old-time idea 
the property rights. Next, came restrictions the height 
buildings, also the interest health and safety. were also 
being placed manufacturing nature prejudicial adjoining property. 
Lastly, has come the full-fledged modern zoning, governing the shape and size 
all buildings and the use which they are placed, clearly also violation 
property rights, formerly understood, and yet being sustained the State 
Courts and the United States Supreme Court, not only regulations govern- 
ing future operations, but applying retroactively those the past well. 

Zoning stabilizes property values eliminating speculation. Property 

values increase certain point limit intensiveness use. Beyond this, 
congestion results; reaction sets and values decline. Zoning prevents 
inflation values. Zoning protects the public-spirited house owner who sets 
his house back from the street. owner has been impelled 
build the street line for his own protection. did not build the 
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sidewalk, his would, thus pocketing his home between two projecting 
buildings. Many guileless owner, trusting the comity his neighbors, 
has thus been deprived the value his property. 

Zoning protects the home. provides suitable home sites for both rich 
and poor and depopulates the slums. preventing congestion tenements, 
promotes morality and with its requirements providing for light and air, 
promotes sanitation. Zoning encourages home building and, therefore, tends 
reduce the tidal movements the city’s population. “own your own 
home movement” can successfully carried through without it. 

the present time, the art zoning taking advance positions. Many 
its well established principles have not been tested the Courts, though 
the judiciary, whenever appealed to, has quite regularly given decisions sup- 
porting the zoning laws whenever they can shown based require- 
ments health, morals, and public welfare. The United States Supreme 
Court has even gone far approve the ejection brick yard from 
the residential section Los Angeles, giving its opinion that brick yard 
has clear physical effect surrounding property”. However, support this 
character not invoked the more recent ordinances, though their legality 
strengthened it. 

eminent engineer has said, four-fifths matter fact and one- 
fifth matter skill and judgment. Its aim avoid congestion. While 
encouraging the building private homes, must offer obstruction the 
building apartment houses. has gone record most emphatically, how- 
ever, being opposed congestion tenements and what has been called 
the “warehousing” human beings. Although districting discourages certain 
kinds objectionable business, most helpful others legitimate 
character. Thus, assuring prospective home builders the permanence 
the residential neighborhood which they would build, stimulates house 
construction. 

modern zoning, the town divided into three classes districts: 
First, the height districts; second, the area districts; and third, the “use” 
districts. Regulation accomplished the exercise the police power 
without compensation. Districting not concerned with the requirements 
the building laws, however important they may matters safety and 
sanitation; deals with the larger generalities. 

The height districts are determined the broad principle equal rights 
air and light, or, the English say, the “ancient Districting 
with regard height concerned principally with office buildings. Apart- 
ment houses must also controlled. cities without zoning ordinance, 
apartment houses have been built high that they cut off light and air from 
surrounding houses the value which may drop much per cent. 
There are two methods regulating the height buildings: First, 
flat limit; and, second, specifying the allowed height function the 
street width. The latter method the more popular and has the merit 
encouraging street widening, since the wider the street, the higher the building 
may be. 
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has been said that “the problem the last generation was the supply 
gas and water; the problem the next provide light and air”. Merely 
limiting the height buildings not enough, for building may cover the 
entire lot and, therefore, cut off light and air from windows adjacent. The 
object area districting, however, not only provide light and air, but 
also prevent congestion, although, this respect, has not been very 
effective. The zoning ordinance Newark, J., limits the population 
directly the area basis. the tenement district New York City, 
1914, the average density was 852 persons per acre. The Newark ordinance 
unique character, having been the first effective attempt its kind, the 
United States, prevent land crowding. the Newark ordinance the 
maximum population per acre, only about one-tenth the New York 
City density. 

Zoning the basis the use which buildings are placed, has been 
sustained the Courts several States and the United States Supreme 
Court. The most up-to-date practice zoning calls for four “use” districts, 
the residential, the manufacturing, the business, and the unrestricted 
nuisance. 

city something more than place work in”, says Swan, “it 
also place where people live, and although people must work live, they 
must live work”. Living conditions will rightfully considered first. The 
residential district sometimes divided into two sub-districts, one exclusively 
for single-family homes and the other for single-family homes and apartment 
houses. Since some cities there doubt the legality legislating 
the basis the number families house, the requirement made that 
the houses the exclusively residential district may not have more than two 
stories, thus effectively legislating against tenement conditions. Owing the 
evident need for apartments small families and those who are not 
position buy rent single-family home, apartment houses must recog- 
nized and allowed. Their construction, course, must conform the building 
code and their height and area the zoning requirements. The apartment 
house districts are near the business district and are determined apartment 
houses already built. the same district, single-family dwellings must 
permitted, although the district will become more undesirable for such dwell- 
ings and more desirable for apartments. 

The housing problem must along with the transportation problem. 
Without proper transportation, houses will huddled together, especially 
workingmen’s homes, thus resulting abominable social conditions. With 
adequate transportation provided the city plan, the residential zone can 
extend great distances from the centers industry and business, thereby 
securing the advantages air, light, and quiet. planning the residential dis- 
trict, consideration must also given the wishes those who prefer 
live near the scenes activity. Many workingmen prefer locate, and 
their wishes should respected. the same time, the contrary principle 
must borne mind the planner, that owners and renters not know 
what best for them, that quite frequently people small means live 
expensive land and people who are wealthy live land that cheap. would 


ee 
rs. 
rh 
“d 
; 
> 
iy 


502 DISCUSSION: THE NATIONAL HOUSING PROBLEM Papers. 


far better, many respects, working people could induced live 
distance from their places business, providing that adequate facilities 
could provided for their transportation. This principle denominated “de- 
centralization”, and the cardinal idea the building what are called, 
“garden Another method dispersing the residential population 
inducing the factories remove the outlying regions. Heavy industries 
such iron founding and steel manufacture are often willing remove; 
but even with this accomplished, there still the danger slums and con- 
gestion about the new center. 

The manufacturing district located with respect railroad, wharfage, 
power, and labor facilities. these requirements, the labor problem one 
the most important. reduce labor turnover one the manufacturer’s 
chief concerns. The municipality providing him with facilities for obtain- 
ing and retaining satisfactory labor rendering him great service. The city 
position perform this service passing suitable zoning ordinances 
protect the homes his employees and provide them with means 
transit. 

The business district located the heart the town with radiating 
streamers extending out along the principal highways. it, the interests 
business must conserved prohibiting manufacturing and objectionable 
trades. Some authorities would also prohibit residences. 

The unrestricted nuisance district accommodates industries not per- 
mitted the manufacturing district. There is, however, serious objection 
making any district unrestricted, owing the tendency human beings 
live there, under conditions prejudicial health and safety. 

Using the word, “district” entirely different sense, there are also the 
so-called “blighted districts”. Blighting the dread real estate operators 
and investors and the direct result unregulated building. factory 
garage may intrude into residential district and ruin values all directions; 
so, also, may apartment house, constructed high-class residential 
district.. Zoning good protection life fire insurance and possesses 
the great advantage that costs practically nothing. Then, too, there are 
improvements which produce blighting, “depreciatory they 
are called. Thus, surface elevated car line will quickly blight residential 
district, municipal gas plant, business district, change railway loca- 


tion, industrial district. prevent “blighting” one the chief objects 
zoning. 


Ham,* Am. Soc. E.—For the complete plumbing seven 
types houses, the speaker obtained cost figures which varied from $408 
$475 per home, using 1-in. steel pipe for the water supply. The use wrought- 
iron pipe would have added about the cost, and brass pipe from $35 $38. 
The cost piping small part the cost the house. These houses aver- 
aged value from 000 000. 

The selection the proper kind pipe serious question all com- 
munities. The speaker wishes inquire whether some water supplies are 
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such chemical quality that the use brass pipe inadvisable, and whether 
there are any data the carrying capacity new four-year old brass pipe 
comparison with the capacity steel iron pipe the same age? Such 
data would desirable people who are buying homes. The speaker remov- 
ing certain kind pipe thirty-nine apartments, which there were 120 
leaks the hot-water system alone, and about the same number the cold- 
water system. The 14-in. pipe being replaced 1-in. pipe, and the 
pipe being replaced brass pipe. The speaker did not know, before 
investigated the subject, that for 000 000 house the difference the 
cost for the use brass pipe from the street the house, and out the hose 
connection, was only $38. Such matters should brought the notice the 
public they are important facts which affect the housing situation. The 
speaker’s company bought from the Government 257 houses which steel 
pipe was installed, which will have removed about years. After 
years use, some the pipe rusted such extent that being 
removed the damaged places. 

would well water supply engineers not only codified these facts, 
that instead using steel pipe, one might use brass pipe, 
but also furnished data localities which brass pipe may safely used. 
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HIGHWAY INSPECTION 


has been found the Pennsylvania State Highway Department that, 
connection with the construction large mileage durable highways, 
the work the executive that adjudicator and that the work head- 
quarters simplified and systematized the careful manner which inspec- 
.tion work handled the construction contract. Mr. has 
expressed the thought that inspection not just inspection contract work, 
and the speaker believes that all will agree that his views are conservative, but, 
nevertheless, the inspector can many times reach decisions that will lessen the 
work both the district office and the main office department. The 
design highways subject standardization and work this character 
can systematized. Plans also can carefully checked, but inspection 
depends the man assigned it; therefore, all inspectors should selected 
with care. 

The work survey corps can also systematized and checked, but after 
the work inspector has been done, checks may made, but errors are 
costly correct. Pennsylvania, candidates for inspection work are not 
selected Civil Service, the policy “hiring and firing” being preferred. 
believed that all inspectors should interviewed headquarters before 
being employed, the candidate, being employed, told that should 
consider himself servant the public, and that far emoluments 
office are concerned, must also realize that the satisfaction building 
road that credit the Department and the Commonwealth, must serve, 
his own mind, additional recompense. told that far the 
Department concerned, not merely building Route Number and so, 
but the future the contract which employed will known the 
road that Inspector “Smith” supervised. other words, attempt made 
appeal the human element and arouse the candidate’s ambition that 
will deliver real job. 

The inspection construction only small part inspection work. 
Preliminary the making surveys for the preparation plans, the dis- 
trict engineers inspect existing roads, which they know will improved 
after years. other words, every trip district engineer makes over 
unimproved road permits him visualize re-locations changes roads, 
and the spring the year these trips are particularly valuable the 
inspection drainage conditions. 

All construction plans are premised careful studies drainage, and 
endeavor made locate both sub-surface and surface drainage structures 
that they will answer not only the ordinary conditions, but also such extraor- 
dinary conditions developed during the heavy winter 1919, when roads 
that had been constructed for years, gave signs distress during the spring 
thaw. These inspection trips, they respect drainage, should summarized 
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adequate notes which can interpreted the men the office, who are 
designing the road. 

During 1921, Pennsylvania constructed 678 miles highway, largely made 
the so-called durable types—sheet asphalt asphaltic concrete cement 
concrete foundations, vitrified brick cement concrete foundations and 
one-course reinforced concrete. expediting this program, the material 
situation was carefully studied during 1919 and 1920. Considerable time 
was spent during these two years, even during the construction 253 miles 
1919 and 414 miles 1920, tabulating material supplies, both local 
and commercial, counties and States adjacent Pennsylvania. The 
inspection roads district engineers carried study grade-crossing 
elimination prior the issuance the survey authorization. 

After survey has been made the line established the district en- 
gineer, preliminary inspection with the blue prints the project hand, 
made the district engineer and representative from headquarters, and 
the project particularly difficult one, this preliminary inspection 
made foot. this time, decided whether the alignment chosen 
the best, and checking this feature, has been the endeavor teach the 
men that the laying out the highway, from the viewpoint economy, must 
developed study distance, maximum and ruling grades that 
will set traffic conditions, the elimination unnecessary rise and fall, and 
dangerous curvature. This does not mean that highway work, the 
refinement used the railroad engineer has been reached, because many 
cases one cannot visualize even approximately determine which the 
previously mentioned features construction the most important, whether 
elimination rise fall, curvature, maximum ruling grades, 
study toward the elimination distance. The traffic, Mr. MacDonald 
has pointed out, has changed rapidly the last ten years that would 
appear that even the present-day engineer would have the seventh son 
prophet order anticipate traffic conditions ten years hence. The 
checking judgment figures establishing maximum grades, rise and 
fall, and curvature, which really amounts the setting business limits 
for economical expenditure funds this time, must premised 
anticipated traffic which the road will have bear five, ten, twenty years 

Another type inspection that determining the kind surfacing 
material which used, and felt that, deciding this question, 
inspection the ground the district office most important, that full 
data may secured the availability materials, the nature the 
termini the road, and the present and the anticipated traffic which the 
road will take. 

has been found that the selection type should not based the 
first cost alone, but should represent investment, particularly where bond- 
issue moneys are concerned, which will, some measure, available after 
the bonds have matured, this investment not only being made grading 
and drainage structures, but also the surfacing material. The competi- 
tion between types, where such competition based engineering judg- 
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ment, healthy and stimulates results lower prices, induced more 
efficient business methods the construction the road. 

The preliminary inspection carried the district engineer made 
almost simultaneously with inspection made the engineer tests 
his representatives, who examine the availability local construction ma- 
terials, the matter inspection many times requiring from days 
4-mile project. The representatives the engineer tests blast out 
ledges and dig test pits, that representative specimens may obtained, 
and the quantity materials available may determined. This work has 
proven extreme importance. 1919 there were only about 
the contracts which local material was used. 1920, some local material 
was used 28% the contracts, and, 1921, there has been increase 
the use suitable local materials, which has necessarily resulted 
lowering the first cost the road. 

Mr. MacDonald has pointed out the necessity for properly interpreting 
test results. The mechanical testing materials, well ordered de- 
partment, mostly systematized routine, and the speaker feels justified 
stating that the most important feature tests their interpretation. 
Experience this work fundamental requirement. The speaker might 
illustrate comparison the different kinds stone found 
vania, which vary from coarse grained sandstones heavy dense trap rock. 
There sand many parts the State, and has been necessary 
prepare sand artificially grinding coarse and fine grained sandstones. 
Studies were made, which pointed justification using artifical sands 
and using good sands combination with relatively poor aggregates, these 
results having been reached only after the construction test road 
which various types materials were used combination. Test specimens 
were studied during the construction the road and compared with speci- 
mens taken from the road after had been service for period six 
months. 

The speaker has dealt with inspections made preliminary surveys and 
during the preparation plans. All these inspections have one objective, 
that is, have the plans nearly perfect and practical possible, and 
submit them the contractor that may have full information re- 
garding the roadway under consideration. contractor given, his 
proposal form, the estimated quantities nearly they can determined 
and supplementary sheet furnished with the local materials which 
might used the construction work, and their location, with the pro- 
vision, however, that guaranty given the continuation quantity 
quality materials sampled. found that the engineers the 
department have used judgment the preparation all this material, but 
also suggested and recommended that the contractor, before basing his 
bids local materials, should analyze the location the ground and ex- 
amine the test pits and the ledges. 

The final field inspection also furnishes information which base 
the time limit the contract. 5-mile contract has been built 
cient contracting organization, short time days; another 


Gg 
7 
7 
id 


HIGHWAY TRANSPORTATION 509 


tractor not efficient might have required years building the same 
project. endeavored, far possible inspection the field, 
work out conservative time limit for every contract. 

Only the phase contract work has been considered all 
the inspection details mentioned. Another phase, however, the inspection 
the business awarding contracts. This has been accomplished 
Pennsylvania calling Harrisburg for interview, each contractor who has 
been low bidder. this interview the Assistant Commissioner the 
Department discusses with him the matter equipment which con- 
templates using the work, this discussion being premised list the 
major items equipment which has been prepared the en- 
gineers the Department. This list prepared the basis the minimum 
amount that should used completing the work within the contract time, 
and thoroughly understood, gentlemen’s agreement, that the equip- 
ment finally decided the conference will used the work. Further- 
more, the contractor advises whether owns the equipment, going buy 
new equipment, going rent it. Careful attention given, the 
discussion, the method handling the work and the contractor’s 
qualifications, based previous experience handling men, and far 
the labor situation concerned, local imported labor and 
the establishment commissaries considered. 

has been difficult times, during the past three years, have ma- 
terials delivered sufficient quantities and with sufficient regularity 
handle the construction work economically. Therefore, the Assistant Com- 
missioner requires the contractors, during the discussion, outline fairly 
definite program, where they expect purchase materials, that the 
Department turn from its previous experience can determine whether ma- 
terials will that the contractor will experience minimum 
delays. has been found that this procedure warranted, inasmuch 
may result speeding the work and reducing the hazard having 
complete one season’s contract during the following season, thus causing 
serious financial loss the contractor well the State, inasmuch 
the new road will not completed over the winter and spring months. 

order that contract work may handled promptly and efficiently, 
every contractor must have financial resources and, the interview with the 
Assistant Commissioner, must furnish evidence that financially able 
handle the work, not from surety point view, but rather from the 
point view ready cash stocks bonds that can use raise money, 
lastly, from the presentation letters from banking concerns which express 
confidence his ability and their willingness finance him amount 
equal least 20% the cost the work. Following the usual practice, 
the contractor also furnishes surety bond from approved surety com- 
pany the amount 50% the contract cost. The interview with the 
Assistant Commissioner not all one-sided, inasmuch endeavors 
impress the contractors the thought that 100% work being looked 
for and that plans and specifications are prepared followed, and, further, 
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that, order obtain 100% job, the Department and the contractor must 
give each other 100% co-operation. 

The inspection materials made the source supply, order 
protect the material man and the contractor, but this inspection only 
preliminary. Inspection also made the delivery point the contract, 
but this can considered only preliminary, the final inspection ma- 
terials being they into the work. endeavored foster high ideals 
the minds the men proper instructions readable, illustrated form. 
The men have been instructed headquarters and district office schools, 
and three the universities Pennsylvania have established short courses 
which particular emphasis has been given the tenets contract law 
and specifications. 

Questions often have been raised the cost making surveys, pre- 
paring plans, and inspecting contract work, and there lack data 
engineering literature costs this nature. Take about twenty-five con- 
tracts, which were available and which tabulated costs have been com- 
pleted; these jobs include those which have been finished rapidly and 
which the plans were prepared quickly, well those which were studied for 
two three years, and which the contractor made slow progress, due 
weather conditions, the non-delivery materials, ete. found that the 
cost these twenty-five contracts has averaged $524 per mile, for field and 
construction surveys; $175 per mile, for the preparation plans; and $891 
per mile, for inspection work; the total cost expressed percentage the 
contract price being 2.96. The cost inspection and tests materials has 
averaged about one-fourth the contract price the road. other 
words, the engineering costs have averaged less than the contract 
price, and the speaker submits that this cheap insurance the taxpayers 
the Commonwealth, and the same time, furnishes the Department 
definite assurance that has done its part working out efficient and 
economical method handling contract work. 
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FINANCING AND BONDING 


The speaker was especially interested the bill which allows contractor, 
doing work New York State, bond himself. When came before 
Governor Alfred Smith there was much opposition, and the speaker urged 
the Governor sign this bill, largely because information obtained imme- 
diately after his taking office Commissioner Highways. 

The speaker was told that one the best contractors New York State, 
man who had never failed carry out every provision his contracts and 
who had had years experience, had been refused bond all the companies. 
This contractor was forced deposit Liberty bonds before the contract could 
awarded him, spite the fact that was financially sound. 

The speaker was informed that the State New York had paid indirectly, 
since began the construction highways, approximately 000 000 for surety 
bonds (that is, the contractors had paid this sum and the State, course, had 
necessarily paid this additional amount for the contracts), and that the State 
had received less than $100 000 paid the surety companies compensate 
for losses due contracts. seemed that this was the case, 
would wise permit the contractors chance show what they could 
toward bonding themselves. 

For these reasons the speaker urged the Governor sign the bill which 
allows the State retain the contractor’s bidding check, amounting 
the contract, until the amount the retained percentage equals that check, 
whereupon the check returned the contractor. The speaker glad state 
that was possible deposit these checks that they might draw interest, 
and the interest was allowed the contractor the return the check. 

For the information commissioners other States, there were two faults 
the New York Bill: allowed the contractor elect whether not 
would give surety bond. This option should left with the Commissioner. 
One case arose during the speaker’s term office, where was not willing 
allow the contractor proceed without surety company’s bond, and his 
only recourse was declare that the contractor did not put surety bond 
the Commission would throw out all bids and re-advertise. 

The greatest objection brought against the bill retaining 20% safe- 
guard the State was that would encourage unbalanced bids. The con- 
tractor might bid high price excavation, for example, and low price 
pavement. After finishing the excavation high price, might then 
abandon the contract, thus leaving the State take care itself. The 
solution this was easy. The Department made ruling that proposal 

would received which the price for any item exceeded the engineer‘s 
estimate for that particular item more than per cent. This placed the 
responsibility where should be, namely, with the Department and with its 
engineers, see that they did not have unbalanced estimate which, turn, 
would permit the contractor submit unbalanced bid. 


Cons. Engr. (Greene-Huie), New York City. 
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The experiment permitting the contractors bond themselves has been 
proven the advantage the State New York. There only one con- 
tract that the speaker can recall, which the State sustained loss, and this 
may prove only probable loss. all other cases, where the contractor 
has bonded himself, the plan has worked satisfactorily. 

The speaker would like suggest improvement the present law. 
The State now holds 20% until the actual completion the contract. This 
might result undue hardship the contractor. For instance, suppose 
contractor has completed, the late Fall, all his contract except some minor 
detail. The Commission could then hold 20% all the work done, during 
the winter, because the non-completion only few dollars’ worth work. 
The speaker glad say that the State New York there ruling 
which was carried under his administration, and now being carried 
under Commissioner Sisson, which allows the contractor having only small 
amount work left do, file bond sufficient cash with the Commission 
cover this work, and the contract then accepted and paid for. 

obviate this fault the law, the speaker believes would more 
equitable the contractor the law was amended somewhat follows: 
20% retained until 60% the work performed; 17% retained 
until 80% the work performed; 15% until 90% the work performed 
and thereafter 10% until the entire work has been performed the satisfac- 
tion the State. 

The speaker would estimate the cost bond the contractor about 
follows: Starting the basis $100000 contract: 14%, the bond 
would cost $1500. Remember that, whether not bond put up, the State 
will retain 10%, and bond not put 20% will retained. fair 
then calculate the interest charges only $10000. the end the 
contract, bond was given, there would $20 000 held, but there would 
$10 000 bond was given. Assume only the $10 000 extra that would held 
the Commission, the no-bond plan, and that this contract 
completed twelve months. fair then assume that average 000 
against the cost the same contract with bond. sliding scale, 
suggested, should become law, the no-bond contract would still more 
favorable the contractor. 

Recently, the speaker learned new firm starting build highways. 
One the members this company has been the contracting and engineer- 
ing business for thirty years, and although had never made great fortune, 
had never gone “broke”. The company owed nothing and had plenty 
money ahead with its work. This firm was solicited for its bond. The 
bonding agent repeatedly urged the President close the transaction with 
him, and finally was told write the bond. When the agent sent the bond 
his main office, they refused write it, and the start its business 
career this new company was placed bad light with the State, which was 
about award the contract. Fortunately, another bonding company wrote 
the bond which amounted 000. The firm has been paid for its 000, the 


contract completed, and, more wonderful than all, the contractor made some 
money his work. 
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FINANCING AND BONDING 


The subject automobile taxation has vital bearing the highway 
situation the State New York. The speaker believes estimated that 
1922 the total revenue from automobile taxation will more than 
$10 000 000, which would average about $12 per vehicle, the State New 
York. The law provides that motor vehicle the State New York may 
not taxed personal property, which means that the value the automobile 
not taken into consideration personal property and taxed such. The 
only tax that automobile pays, automobile owner pays the money 
invested the machine, his license tax. This, the speaker believes, not 
the case some States. does not believe that the automobilists the 
State New York should pay for the entire cost construction and recon- 
struction and maintenance and administration the Highway Department, 
but does believe that they should pay more money than they are now paying 
toward .the reconstruction and maintenance highways. Approximately, 
000 000 each year are being spent for the maintenance and 
reconstruction the highway system. That will probably increase for few 
years least the mileage completed highways increases. 

hoped that the type highways now being built and which have 
been built for the last few years may not require the large sums per mile 
that are now being expended some the earlier built highways. That 
hope, however. The speaker does not believe that any one can foresee fore- 
tell what the traffic conditions may years from now. Perhaps the 
highways that are built to-day will inadequate bear the traffic they 
will called bear years from now, the highways built 
years ago are comparison with the traffic to-day. 

was the speaker’s privilege, recently, converse with the Highway Com- 
missioner one the counties bordering the City London, England. 
spoke the type highways was necessary build that locality, 
and particularly called attention the kind traffic that those highways were 
called bear. spoke the motor lorries, propelled steam, which 
have steel tires and carry such immense loads. that type motor vehicle 
ever introduced the United States and used any extent, the speaker 
has grave fears what will happen even the best highways that have 
been built that are being built. 

The speaker believes that one the State New York seriously ques- 
tions the advisability reasonable increase the motor vehicle tax. one 
intends expects that the motor vehicles this State are pay the entire 
cost construction and reconstruction highways, but felt that the 
motor vehicles should pay somewhat larger tax than they are now paying 
for the purpose highway maintenance. 

The speaker wishes discuss briefly the bonding highway contractors 
the State New York. Mr. Greene called attention the bill that was 


Commr., State New York Commission Highways, Albany, 
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passed two years ago, which allowed contractor dispense with bond 
agreeing that the Highway Department could retain 20% the estimates, 
the work progressed. This works, the speaker’s opinion, follows: When 
contract awarded contractor who low bidder and who elects 
dispense with bond, the Highway Commissioner must the judge whether 
financially able carry that contract completion. 

new bidder and has never had State contract, there 
way determining whether financially able, and has the business ability 
carry that contract and complete it. The speaker believes this 
unfair burden place the Highway Commissioner. 

Furthermore, contractor who has never had highway contract this 
State, perhaps, any other State, immediately finds out that not 
obliged give surety company’s bond, and immediately concludes that this 
way saving increasing his profits the extent the premium that 
would pay the surety company bond. That so, certain extent, 
the basis mentioned Mr. Greene, except that the borrowing ability 
the contractor the retained percentage basis much impaired. With the 
contractors who have dispensed with bond, there comes time usually when 
difficult for them borrow money for that reason, and many them 
state that, unless they can have semi-monthly estimate, which contrary 
the rules, they will have stop work. That has happened one two cases 
and the work stopped until the monthly payment was made. 

The speaker believes that those cases, the contractors had been bonded, 
they probably would have been able obtain money either from banks 
other sources had they not dispensed with bond and tied their payments 
the retained percentages. 

Under the Hewitt Act which was passed 1921, the State New York 
will have highway system comprised 11260 miles. There are, either 
completed, under contract, all except about 2200 miles this road. The 
question financing the construction these miles has been seriously 
discussed, only the Highway Department and the present State officers, 
but the past administration, and the speaker thinks agreed every 
one who has considered the matter seriously, that will unnecessary issue 
further highway bonds for construction purposes. 

The long-time bond has become obsolete the State, law; and, with 
its great resources, the State New York will able finance the building 
and the completion this great system without further issue bonds. 
The people the State New York, and other States, have come the 
conclusion that not only their own private business, but public business, 
the policy “pay you go” should adopted wherever practicable. 

large sum money will required build this highway system, say, 
$75 the second $50000000 bond issue, there about 000 000 
tion 1922. The remainder this year’s construction will financed either 
from what known Federal Aid, that is, the amount contributed 
appropriated Congress for the aid the States, which this State gets 
about the total appropriation, which must matched equal 
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amount appropriated the State Legislature. The amount available 
New York 1922, together with the bond issue, and probably small direct 
appropriation, will finance the construction the coming season. The con- 
tinuation aid from the Federal Government and direct appropriation 
the State match it, and another direct appropriation some millions 
dollars, will finance the program for 1923. The Hewitt Act provided that the 
entire system 11260 miles should completed within years from the 
passage the bill. The rate progress made during the season 1921, 
and the expected progress during the season 1922, will that average 
basis. 

All these matters finance, from the standpoint the Highway Depart- 
ment, are the cause much work and study. The distribution the money 
and the work the several counties the State fixed law. First, 
the last $50 000 000 issue was divided among the counties and, for that reason, 
the $6000000 that issue can never entirely used. There will 
balances from the different counties, which will not 
enough finance any particular piece work county. For that reason, 
about can never used, and for which, therefore, 
the bonds can never issued. 

not known whether future Congresses are continue what known 
Federal Aid. they not, other means financing the completion 


this system will have devised the authorities the State New 
York. 
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Messrs. Boorman, SAMUEL WHINERY, JOHN TRAUTWINE, JR., 


Boorman,* year (1922), the speaker begins his fiftieth 
year practical work and investigation road construction. 1872, 
had the pleasure working for New York City when Neuchatel rock 
asphalt was introduced, and since then has had every kind experience 
road and street construction. 1885 and 1886, had the honor serving 
the staff the late Gen. John Newton, Hon. Am. Soe. E., formerly 
Chief Engineers, A., who came New York City and began the 
more modern methods street and road construction. 

Inspection one the most important factors highway work. has 
been stated, and every one realizes, the greatest work the United States 
to-day the building roads. 

reviewing more than forty-nine years service, one realizes how 
methods transportation have changed, and to-day important have 
good roads and streets. The education the inspector, has been remarked, 
should start early life; young engineers being graduated nowadays 
have something practical, and the speaker does not know why not 
just well start inspection any other line their necessary practical 
experience. 

Good inspection important, and will be, and undoubtedly is, advisable 
that endeavor should made train young engineers feel that road 
inspector man who going immense service the country. 


Am. Soc. that has been said about the 
importance good inspectors and the difficulty obtaining them true. 
almost any public work, whether the building road, railroad, 
bridge, there more important position the whole job than that 
inspector, provided the right kind. The practice the United 
States has largely been select young technical graduates for the position. 
rule, they are excellent class men. They have had good technical 
education, and natural assume that they are well prepared com- 
petent inspectors any kind engineering work. they are, some 
respects, but not, the speaker thinks, those most importance. His own 
experience has been, particularly railroad, bridge, and masonry work, that 
the most valuable inspector one who expert the particular kind 
work inspect, although may have but little technical knowledge. 

For instance, masonry, the best inspector the speaker ever had, was 
man who never attended college, who began early life stone mason 
and followed his trade until manhood. There was nothing about any kind 
masonry that did not know. addition, had good judgment and the 
faculty doing things pleasant way. Contractors soon came ap- 


New York City. 
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preciate that, although fair and reasonable, knew his business thoroughly, 
and that his instructions were the law. The speaker remembers another man, 
later general inspector masonry one the largest railroads this 
country, who advanced the same way. was practical mason, trained 
every branch his work. 

The trouble with young engineering graduates that they have had 
opportunity learn from experience the matters practical detail that, after 
all, are likely make the bulk inspector’s duties. They understand 
the requirements the specifications, which cannot always literally com- 
plied with, but not know when these literal requirements, matters 
detail, may should varied from the interest good work. The 
speaker has had similar experience street and road work. The man who 
will most useful inspector one who knows the entire process 
road building. Without disparaging any way the merits, and they are 
many, the college graduate, the speaker would say that seems unjust and 
unfair place him position for the duties which education has only 
partly fitted him and which has had practical experience. 

The value technical education qualification for the position 
inspector public work may well questioned. Aside from the mental 
discipline that course college develops, should develop, does little 
qualify young man for the duties inspector. Such duties are almost 
wholly practical nature, knowledge which can acquired only 
experience, observation, special instruction, regardless technical training. 

The speaker has had some experience with inspectors cities and 
country road work. The chief trouble, course, results from the appointment 
and retention incompetent men for political personal reasons. Even 
cities where Civil Service examinations are required, one will find, in- 
spectors the streets, men who are incompetent and whom one would not 
trust any responsible position. They are ignorant the duties required; 
they serve the interests political bosses rather than those the city; and, 
too often, they accept, they not demand, gratuities from the contractor. 

About ten twelve years ago, the speaker was asked report paving 
conditions one the large cities the United States; and, among other 
things, looked into this matter inspectors. thinks perfectly 
justified saying, not from suspicion, but from proof presented, that three 
out five inspectors the streets received regularly weekly pay from the 
contractors. another city, where was somewhat responsible charge, 
and where found incompetent inspectors and was able secure their dis- 
missal, would find them, few days later, inspectors street 
some other part the city. Incompetent and dishonest inspectors give the 
contractor opportunity his work and then attempt 
evade responsibility claiming that was done under the supervision 
and with the approval agent the municipality. 

the result his experience and observation, the speaker believes that 
the best inspectors, for nearly all kinds public work, come from the ranks 
intelligent and honorable men, who, craftsmen, have acquired practical 
knowledge the work. 
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have dealt largely with the economic sociological side and relatively little 
with the technical side. The speaker, therefore, may say word further 
respecting the sociological aspect privately conducted water and rail trans- 
portation, contrasted with publicly conducted highway transportation. 

The people, to-day, are situation, the like which the world has never 
before seen. What the speaker will call the “ancient” system individualism 
and the “modern” system socialization are to-day still traveling side side, 
like muddy and clear current the same stream. 

Under the “modern” system, the community gives each one regardless 
merit, all the highway facilities there are, and one can get more such 
facilities over-reaching his neighbors. Thus, the tendency over-reach, 
which the soul private business, becoming atrophied for want use. 
Even the purely furnishing public highways for the free use 
all, operation which profit out the question, the alleged necessity 
has not been outgrown, employing the profit-seeking contractor. The 
“ancient” system still followed which places its premium self-seeking, 
thus making inevitably for immorality. only far the “modern” 
system thus its contact with the “ancient” system, that “graft” 
exists. The “modern” system pure. Governments approach respectability 
proportion they assume new and greater public service functions. 

The inevitable transition, from the “ancient” the “modern” system, 
being brought about the irresistible push universal demand, the selfish 
demand for better service than the “ancient” system can give. significant 
that this relatively “modern” discussion highway transportation has dealt 
with the more “modern” highway system, under which public servant, caught 
playing the “business man” and making profit out his position, would 
disgraced forever. 

Note these two illustrations, one taken from the “ancient” the other from 
the “modern” system, the two showing the contrast between the moral stand- 
ards the two systems: 

(1).—During this discussion, has been stated that, under the “ancient” 
system, considered not all irregular for railroad line, competition 
with water line, reduce its rates the losing point, and keep them there 
until has killed off its water competitor, whereupon charge 

“all the traffic will 

(2).—Contrast this with the attitude the Pennsylvania Highway Ad- 
ministration, outlined Mr. Hilts, and its attitude toward the contractor. 
Far from taking advantage the contractor’s ignorance conditions, 
strives keep him out difficulty, knowing that, difficulty, cannot serve 
efficiently. 


Am. Soo. E.—In connection with the question 
Highway Transportation may order speak the imperative 
necessity having only highly capable men responsible charge highways. 


Philadelphia, Pa. 
Cons. Engr., New York City. 
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Too much cannot said the public for their own good this regard. 
Men only the highest qualifications should employed, and such men 
not retained unless they are paid adequate salaries and are freed from 
political subserviency. 

For years, the speaker has noticed that the lack intelligent vision and 
foresight the part chiefs various highway bureaus has been responsible 
for the construction highways utterly inadequate for the traffic and hence 
extremely expensive the taxpayer. has seen roads inferior type 
built carry heavy and ever-increasing traffic, which should have been built 
standard almost equal that high type city pavement. account 
the vast sums money now being expended highway construction and 
which will increase years on, the power the men chosen 
head highway departments, poor judgment, improper selection types 
roads, incompetent and negligent supervision, inflict present and 
future generations, enormous annual excess charges for upkeep, over and 
above what proper construction, would have warranted. 

The failure make the right decision the selection type roads 
those who had the power so, causing losses millions dollars 
year the taxpayers the State New York. The speaker does not blame 
the present, nor the past administrations, nor any particular administration, 
for this state affairs. The motor vehicle had accommodated, and pro- 
vision was not properly made for the writing the specification for many 
roads, which enormous sums for annual maintenance charges are now being 
paid. 

Lack vision often shown highway commissioners neglecting 
improve the alignment, gradients, old roads. 16-ft. roadway known 
not wide enough for safety important highway. Why continue 
build them? Why build roadways ft. wide curves, when they should 
least ft. wide, safeguard life? old highway built for horse 
traffic century ago, for instance, being improved with hard surface for 
motor vehicle traffic. Why the location this road not changed, the align- 
ment corrected, the curves made gradients improved? Lack 
vision and intelligence the part those who are chosen safeguard the 
interests the people road construction, are responsible for these 
deficiencies, 

The speaker will mention case point: The main thoroughfare called 
the Albany Post Road, which leads north from New York City along the east 
bank the Hudson River through Tarrytown and Peekskill Albany, has 
many errors location and construction. this regard the worst that 
the speaker has ever seen any stretch important road. has been over 
many miles roads France never seen poorer piece location, 
even the unimportant Communal roads (comparable our town roads). 
Many defects alignment, curvature, and grades could have been eliminated 
when the road was being changed for motor traffic. There are many places 
dangerous life. main thoroughfare which the traffic enormous, 
there should never such names “Dead Man’s Curve”, ete. 
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the speaker has made some impression, hoped that may have the 
effect bringing the minds those responsible for the selection men 
head highway bureaus, the importance having only the highest and most 
competent type men; that they must allowed practically free hand and 
not interfered with politicians; and that, unless this done, the waste 
money due deficiencies construction and maintenance highways, 
this coming generation, will run into enormous sums annually. 

unparalleled era road construction the history engineering 
design, construct, and maintain roads efficiently and economically take care 
motor vehicle traffic. 

The Engineering Profession has never yet failed its service the 
given proper chance, and will make good the taxpayers 
appreciate its services proper value. 


Henry Am. Soo. E—The speaker wishes say few 
words the condition highway bridges distinct from the highways 
themselves. led more especially recent personal experi- 
ence, which may worth recounting this time, although has been referred 
recent letter Engineering News-Record. 

This experience connected with one the main highways the Adiron- 
dacks over which the speaker has had occasion travel for more than thirty 
years. the amount traffic and the weight the vehicles have increased, 
the road has been gradually improved that now has excellent mac- 
adamized roadbed, well fitted for the present heavy traffic, since the latter 
limited few weeks the summer. 

similar systematic improvement has been made the numerous bridges 
along the road although many the bridges are quite old and their recon- 
struction, from the standpoint safety, even greater importance. Near 
its upper end, this road crosses the Ausable River pin-connected 
steel span, about years old, which has very light sections and poor details. 
The bridge would hardly fit carry present-day traffic, even were 
perfect condition. six years ago, one the abutments was under- 
mined flood, allowing the bridge drop about ft. the rock bottom. 
The steelwork was badly injured, but was straightened well possible and 
re-erected the new masonry. is, however, bad condition. The eye- 
bars, many panels, are bent that one the two bars carries the whole 
stress; but, worse still, the trusses are badly out plumb and twisted, the top 
the bridge pony span with lateral top bracing and sway bracing 
keep the top chords from buckling sidewise, the latter form very crooked 
compression member nearly ft. long under fairly heavy stress. truss 
this condition, course, would very unsafe, even the several mem- 
bers had ample cross-sections. 

The bridge has remained about described for the past five years. About 
three years ago, its condition was pointed out many prominent residents 
Cons. Engr., New York City. 
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and summer visitors, who after moment’s inspection seemed, without ex- 
ception, satisfied that “something should done once”. However, apart 
from fastening one the end posts tree with piece telegraph wire, 
repairs have been made the present time. matter fact, the 
span could made reasonably safe for $750, but doubtful whether public 
opinion will intelligent enough and strong enough insist any action 
the matter. 

This incident would hardly worthy mention, but for the fact that 
New York State least there means getting bridge this kind 
repaired except through the pressure public opinion. former law in- 
structed the State Engineer have highway bridges which are reported 
dangerous, inspected his staff and unsafe closed traffic. under- 
stood that this law was repealed some years ago through the influence 
country members the Legislature avoid expensive bridge repairs. Out- 
side the larger cities, the matter rests entirely with local bodies. 

understood that, many other States, conditions are better, but, 
the average, highway bridges the country over are weak under modern loads. 
Conditions have changed; generation ago the traffic consisted mainly 
light vehicles belonging local residents. present, heavy automobiles 
even into remote districts. The older bridges were suitable for carrying the 
lighter loads. hardly fair, and certainly not practicable, expect the 
poorer country districts stand the expense renewing immediately all 
bridges not fully modern standards. They are, the whole, doing 
much can expected replacing the old spans with stronger ones 
needed. eliminate all dangerous structures within reasonable time, 
seems equitable that the cost should fall, large part, more extended 
political district than the town county. The inspection existing bridges 
proper intervals and the approval plans for new ones should come 
under some proper State authority. 

Engineers cannot avoid the responsibility for the strength bridges and 
similar structures, since, pointed out News-Record, 
recent editorial, the public looks them for instruction and, necessary, 
for action such matters. Some action should taken the Society and 
other influential bodies, that the public may feel assured they are not 
risking their lives when passing over the highway bridges throughout the land. 


Brown,* Jun. Am. Soc. E.—Several the speakers have empha- 
sized the need for training inspectors and others connected with highway work. 
Some have suggested that European schools, methods, trained man better 
than American schools methods. One discussor has even gone far 
state that, all the highways saw France, not one was incorrectly located. 

was the speaker’s good fortune while with the Army France, attend 
Nationale des Ponts Chaussées, otherwise known the National 
School Bridges and Highways, for few months after the Armistice. Even 
though graduate of, and, later, instructor in, one the foremost schools 
the United States, the speaker found that had much learn, both 
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technique and methods teaching, from the French system. Perhaps 
brief résumé his observations the working this system will not out 
place here. 

The principal engineering work France controlled corps known 
“Ingénieurs des Ponts Chaussées”. These engineers are chosen from 
the highest graduates L’Ecole Polytechnique, school which corresponds 
somewhat American colleges and schools. 

With the rank “Eléves Ingénieurs”, these men are sent the Govern- 
ment L’Ecole des Ponts Chaussées for two years. The instruction 
this school given men high the active practice their particular 
branch the profession, and amounts considerably more than that given 
the average American school, because attempt made start the new 
students with the benefit the experience the older men analyzing the 
general, well the specific, elements the problems which they will 
likely encounter. Little attention paid the method analyzing stresses 
and strains—the students are well trained mathematics and mechanics 
before entering the higher courses—but great stress laid methods which 
many practicing engineers the United States would class among their 
professional secrets—things that claimed can only learned experi- 
ence. The result thoroughly educated engineer who starts out with the 
combined experience his predecessors his foundation. 

The uniform standard excellence which these engineers have been able 
maintain all their work, has won for them great public esteem and confi- 
dence. That this confidence richly deserved, has been implied least 
one the speakers, and the consensus opinion the majority careful 
observers French engineering practice. 

These few points are mentioned because the feeling that Americans, 
engineers, ought investigate the work which other nations have done, 
order better their own methods. Surely engineers with the experience 
the men who have discussed this subject, could investigate the methods the 
French have been developing since the time Louis XIV, help Americans 


solve the best possible manner their problem, which, very evidently, 
pertinent one. 
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its publications. 


PROGRESS REPORT 
THE SPECIAL COMMITTEE 
CODIFY PRESENT PRACTICE THE 
BEARING VALUE SOILS FOR FOUNDATIONS, ETC.* 


THE AMERICAN CiviL ENGINEERS: 

The Special Committee appointed investigate soils relation their 
bearing capacity and other inherent qualities, respectfully submits this, the 
seventh, Progress Report its work. 

During 1921, three meetings were held, the minutes which have been 
reported the Society. the meeting May 1921, was stated 
that the Board Direction had granted the Committee appropriation 
$2000, the greater part which was assigned the Iowa State College 
for experimentation and the remainder the work sub-committees. Your 
Committee formally expressed its appreciation for this encouragement, the 
first received for several years, and now acknowledges the assistance this 
real support. Some the results are submitted herewith; others will follow 
future reports continuation the work meets with approval. 

Your Committee presents herewith the attached reports appendices 
without comment, and looks forward discussion members the Society. 

Appendix refers the compression settlement soil under test 
from the load transmitted structures. The report your Committee for 
1920, Appendix referred the importance settlement the bearing 
capacity soils, and the stability structures supported soils, 
also stated that was proposed submit the membership, blank form 
for recording observed settlements and loads, with the hope that such records 
would submitted your Committee for compilation. 

During 1921, such form questionnaire, with explanatory letter, 
was sent the entire membership the Society. The results have been 
disappointing, because the number replies received date too small 

enable any definite results tables developed that might use- 
ful guide for engineering design. From the answers received, has 
been ascertained that the large type practical soil-testing apparatus, sub- 


Presented the Annual Meeting, January 18th, 1922. Previous Progress Reports 
this Special Committee have been published Proceedings, Am. Soc. (Papers and Dis- 
cussions), February, 1915, 491; March, 1916, 343; August, 1917, 1171; August, 
1920, 905, and February, 1921, 
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mitted your Committee its report for 1919, has been used with most 
gratifying results. The details the tests made with the apparatus are 
included Appendix 

Since results from the use the apparatus submitted the Committee 
appear satisfactory, the adoption engineers its principle for prac- 
tical field determination the bearing capacity soils suggested. 
hoped that making tests uniform method, and classifying the 
soils tested, the uniform manner suggested your Committee pre- 
vious reports, sufficient data may obtained such form enable 
one predict, within reasonable limits, the amount compression the 
soil from the application definite load. The questionnaire was 
form which would permit members submit information obtained, any 
time the future, and thus greatly assist your Committee the collec- 
tion the data desired. 

Appendix condensed from review present design methods, made 
quite independently your Committee Eugene Halmos, Am. Soc. 
E., and confirms previous statements the Committee. Your Committee 
has never lost sight the need for the immediate revision the existing 
formulas for use connection with fine-grained soils. 

The demand for additional experimentation which was commendably 
presented William Cain, Am. Soc. E., his paper “Cohesion 
Earth: The Need for Comprehensive Experimentation Determine the 
Coefficients Cohesion”,* further emphasized here. Until these data are 
available, the task your Committee will not complete. 

Appendix III incomplete compilation from recent scientific literature 
relating clay, which, far possible, the extracts have been limited 
the language the authors. The Appendix supplemented bibliography 
and submitted information. 

the last report your Committee, sufficient information was hand 
justify urging attention the colloidal substance clay and the in- 
fluence the colloidal state clay its physical characteristics. Recently, 
your Committee has received supplemental confirmation from the paper 
Messrs. Moore, Fry, and Middleton, Soil Physicists, United States Depart- 
ment Agriculture, which included this Appendix. 

The paucity knowledge colloids the literature Engineering, 
has led the search for data.in the Governmental and other publications 
the related technical industry the clay worker, from which source Ap- 
pendix has been largely compiled. 

Regarding the properties clays, your Committee would point out that 
two concepts the colloidal state clay have been presented: (1) That 
due the presence colloidal substance the clay; and (2), that due 
merely the existence solid particles state extremely fine sub- 
division (suspensions). 

Regarding the first concept, the consensus opinion investigators 
decidedly favor the presence colloidal substance. Although 
known that the percentage colloid material very small, the significance 


Transactions, Am. Soc. E., Vol. LXXX (1916), 1315. 
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its physical influence quite evident. However, certain clays and fine- 
grained glacial soils, which there absence only trace colloidal 
material, would lead the consideration the colloidal state physical 
property rather than peculiar substance. Much further study must 
given this problem. 

References other properties clays are given they affect the clay 
industry. The information, however, should use, assisting the en- 
gineer interpret his problems clay soils. 

under the direction Anson Marston, Am. E., Iowa State 
College, the strength clays they occur their natural position and 
without disturbance. 

The subject considered follows: (1) Plan investigation; (2) tensile 
tests; (3) shearing tests; and (4) compression tests. Although the investiga- 
tion incomplete and will continued, the report presented information, 
through the courtesy Dean Marston. The results developed are edifying 
and indicate that further experimentation needed. 

will remembered that soils, they occur Nature, differ from 
artificial re-worked soils many properties, including density and struc- 
ture. For instance, the difference properties between the natural un- 
disturbed soil under retaining wall and the artificial back-filling obvious, 
and these properties will continue have the attention your Committee. 

The present popular demand for the improvement country roads has 
brought forcibly the front problems related the foundations the 
surface pavement supporting rolling loads. 

Since the work your Committee directly connected with this problem, 
the studies its progress reports can utilized advantage, desired. 
suggested those making independent investigations that the use 
your Committee’s classification, definitions, and laboratory procedure, to- 
gether with other information furnished, will facilitate future co-ordination. 
With without the active participation your Committee, this co-opera- 
tion would prove economic advantage National progress this problem. 

Your Committee pleased able record the cordial response 
Bureau Public Roads, Mr. MacDonald, Director, the desire 
co-operate, and here acknowledges his courtesy and assistance rendered 
through correspondence and the report Goldbeck, Assoc. Am. 
E., present laboratory procedure (Appendix V). 

This Appendix particularly interesting the study the colloidal 
substance clay, which has recently occupied the attention the Bureau. 
The adsorption test was developed its laboratory Dr. Lord, 
the Bureau, and intended facilitate testing and give simple and quick 
results meet the requirements the engineer. 

Under arrangement with Harry Boetzkes, Am. E., 
translation Résal was made available for the use the Committee. 
also submitted scheme for determining pressures. 

Acknowledgment for furnishing data extended those members 
the Society who replied the questionnaire, and the published discussions 
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Am. Soe. 

Future progress the work your Committee obviously dependent 
experimentation. Since the essentials the problem have been indi- 
cated, will the endeavor the Committee arrange suitable program 
for tests. invitation will extended all those institutions sufficiently 
interested co-operate. 

the hope your Committee able put into final form during 
1922, report based the data secured and present practice the bear- 


ing capacity soils for foundations, and, with permission, continue the 
study the physics soils. 


Respectfully submitted, 


CuMMINGS, 


Chairman. 
CoMMITTEE: 


Chairman, 
Secretary, 

ALLEN Hazen, 


Pamphlet, Am. Soc. E., May, 1921. 
Pamphlet, Am. Soc. E., January, 1921. 
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APPENDIX 


REPORT SETTLEMENT 


The Sub-Committee appointed the meeting the Committee June 
8th, 1921, prepare and submit the membership the Society circular 
letter and questionnaire soliciting records settlement actual structures, 
and compression the soil under test loads, reports follows. 

Such circular letter and questionnaire were prepared the Sub-Com- 
mittee and sent the Acting Secretary the Society, printed form, 
10107 members the Society, under date August 3d, 1921. date, re- 
plies have been received from only members. these, members returned 
the questionnaire and circular letter without notes accompanying letter; 
members replied they had information submit; members returned 
their information the printed questionnaire, instead blue prints 
requested, which precludes their submitting additional information later 
date, the form desired; submitted information other kinds, other 
form, than requested; and only members furnished information the 
kind and the form requested the Sub-Committee. 

The replies received came from points far away Australia, India, 
and Hawaii, although most them were from points within the United 
States. The character the information submitted covered variety soils 
and tests made number different ways. apparent, therefore, that 
the information obtained response the questionnaire neither 
cient quantity nor type susceptible classification show the prob- 
able amount compression different classes soils under different amounts 
loading and, that respect, the results from the questionnaire may 
considered failure. 

Indirectly, however, the questionnaire has proved great value, 
has revealed the fact that the large type practical soil-testing apparatus 
devised the Committee, and submitted the Society part the Com- 
mittee’s report for 1919, has actually been used practice, with very satis- 
factory results. 

Frank Johnson, Assoc. Am. E., Assistant Engineer with 
Brunnier, Am. E., San Francisco, Calif., reports that 
the Committee’s recommended device was used for tests the site the 
Standard Oil Office Building, San Francisco, with satisfactory results. 
Plate VII shown the soil compression, loading, ete., and Figs. and 
show the apparatus position. 

Dimock, Am. Soc. E., City Engineer Seattle, Wash., 
Rapp, Am. E., Bridge Engineer, reports that the Commit- 
tee’s device was used that Department also, with satisfactory results. 

both the cases reported, practically modification was made the 
Committee’s design shown Plates VIII and IX, other than substitute 
ordinary screw-jack, for the one recommended the Committee, the top 
the compression post. These being the first two cases, far known 
the Committee, where the recommended device has been used. Further 
information was requested from both Mr. Johnson and Mr. Dimock. 
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reply certain categorical questions, Mr. Johnson states that the 
recording device used was the same type recommended the Committee, with 
magnification Mr. Johnson, however, used two record boards 
right angles each other and took the average the readings the true 
settlement. This was done nullify the effect any possible tilting 
the compression post, but Mr. Johnson states that there was little difference 
between the reading the two charts. further stated that there was 
decided tendency for the surrounding soil rise around the edge the 
compression plate, although several the tests were made under water, 
but, that case, one had guided the sense touch 
mining the point. The principle the apparatus proved correct and 
simple apply. Although sand was used the hopper, Mr. Johnson believes 
that water would better and simpler. Great care had taken 
applying the sand increment, because light jar the hopper was trans- 
mitted with greater intensity the post. When loads were released, obtain 
elasticity tests, all the recorded rise recovery was due the expansive 
action the soil, because, the record the recording charts being determined 
solely the position the compression post, was independent any 
distortion the apparatus above. 

Mr. Johnson further states that the use burlap beneath the compres- 
sion plate and tile, the case set soil, suggested the Committee 
its report for 1920, believed good suggestion, would tend 
resist the natural tendency for the material squeeze out from under the 
compression plate. Finally, stated that the total cost conducting the 
eight tests was only $321, which included the cost the materials and the 
time one carpenter and two laborers for the entire period the tests. 

reply similar categorical questions regard the use the device, 
Mr. Dimock states, substance, that substantial modifications were made 
Committee’s recommended design; that the recommended recording 
device was used with magnification five times the amount settlement; 
that the device was both definite and quite delicate operation; that 
would suggest changes the design; that was used for two tests, within 
ft. each other, and found quite easily dismantled and set again 
three men; that sand was used the weight-carrying box; that the cost 
the machine, including all labor and material, was only $106; and that 
the total cost making the first test, including the machine, was only $162, 
exclusive the cost engineering supervision. 

examination Plate VII, which shows the results from the eight tests 
submitted Mr. Johnson, most interesting and indicates the sensitiveness 
the apparatus, considering its capacity and portability. The curves, show- 
ing settlement under the application load, although differing the amount 
settlement, are uniform character and reveal the elastic character the 
soil, both while applying the lighter loads and, more clearly, the case 
two tests where, after reaching considerable amount loading, part 
the load was removed. The elastic recovery the soil these two cases 
was clearly revealed the recording device. The breaking down, sudden 
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Test No. 8 made as ch 
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All Tests made suggested Special 
Codify Present Practice the Bearing Value Soils for 
Foundations, in its progress report to the American Society of 
Civil Engineers; Proceeding 1920, Page 906, 
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NOTES SOIL BEARING TESTS 


Test Pit “A”. The bottom the Compression Plate 
Test Pit The bottom the Compression Plate elevation 
below 1/0” below water. 
Test Pit “C”. The bottom the Plate elevation 
Test Pit “C”. The bottom the Plate elevation 
below Datum- about 6”below water. 
No. 5= ,im Test Pit “C”. The bottom of the Compression Plate at elevation 
below about 6"below water. Plate enclosed sheet metal 
cylinder 
Test Pit “D”. The bottom the Compression Plate 
cylinder. 
No. Test Pit “D”. The bottom the elevation 
below about water. Plate enclosed cheet metal 
No. Test Pit “E”. The bottom the Compression Plate ation 
cylinder. 
Test No. made check Test No. 
Loads added 1000 pound increments. 
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The essential features this device are follows: 
bearing compression post, adjusting screw, balance 
beam, ballast hopper, counterweight, saddle beam with an- 
chorages, and the necessary recording device. They should 
used the following manner: 

After erecting the anchorage boxes and saddle beam, the 
boxes should filled and the balance beam put position 
and balanced, with the hopper place, filling the 
counterweight box. After excavating test pit (using 
breasting boards, necessary), the bottom should care- 
fully leveled, and the bearing plate placed position 
plumbing down from the plate the balance beam. The 
section sewer pipe should then placed and carefully 

backfilled. The compression post may then placed, the 

screw adjusted, and the recording device attached. This con- 

sists board,-on which tacked sheet paper, and 

light straightedge hinged near the edge the board. 

vertical line ruled the paper, some fixed ratio the 

Beam distance from the axis the straightedge nail driven 

the compression post. the start, and weight 

placed the lines should drawn along the 

straightedge and the time and weight recorded. The balance 

beam should kept level, the post depressed, 
means the adjusting screw. 

The hopper may calibrated and scale attached for di- 

rect reading the weight. dry sand water may 
used, and provision made near the bottom the hopper 
for drawing them off. 

All contact points should coated with heavy grease. 
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loss supporting capacity, the soil under excessive loads, also clearly 
shown. 

four the tests, both above and below water, the soil-testing plate was 
surrounded with thin shell metal. regard this, Mr. Johnson states 
that, the time the tests were conducted, some preliminary studies the 
foundation for this building had been made, the conclusion being reached that 
because the light soil pressure used, the foundation would require 
reinforced concrete mat under the entire high part the building. was 
also thought necessary use steel sheet-piling around the outside, prevent 
undermining case future excavations near-by. the use this sheet- 
piling was deemed create condition somewhat analogous confining the 
soil around the compression plate the testing device, was decided force 
sheet metal cylinder over the compression plate some the tests. can 
seen from the records the tests, nothing definite was proved. 
thought probable that the compression was carried through the material 
the cylinder were continuation the compression plate. 

Aside from incorrect indefinite classification the soil, much the 
present uncertainty, bearing capacity different soils, due the 
fact that such tests are recorded were made great variety ways, 
often with crude devices and lacking sensitiveness, which precludes the possi- 
bility measuring and recording the smaller compressions and elastic reac- 
tions under relatively high loads. Tests made such manner are practically 
valueless, for should understood that the bearing capacity soil deter- 
mined, not the settlement produced heavy load, for then displacement 
the grains and failure the soil have already taken place, and, when the 
settlement stops, the soil has factor safety only but rather the 
elastic reaction the soil and the measure compression under relatively 
light loads, which true other materials used engineering construction. 

However, not intended preclude, where practicable, the making 
compression tests soil determine its ultimate bearing capacity well its 
elasticity, and its settlement under varying loads should known. The prac- 
tical value the engineer knowing approximately what the expected settle- 
ment soil may under varying loads inestimable. 

The high character the results reported both Mr. Johnson and 
Mr. Dimock, the low cost constructing and operating the machine and its 
sensitiveness variations loading and compression—especially view 
its large seem justify the the Society 
the general use this apparatus for conducting field tests the bearing 
capacity soil. The apparatus overcomes many the defects common 
most those used for such tests, among which may mentioned the tilting 
the post, bringing unequal bearing the top the compression area; 
the large platform area necessary most devices secure sufficient load for 
the test; the friction developed the stays and bracing necessary balance 
such large load; the lack ready portability the large platforms generally 
used; and, finally, the lack accuracy recording settlement piano wires 
any other means where the measurement depends the eye. 
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The nature the apparatus such that readily portable, shown 
both cases where has been used, where was handled three men; and 
the cost the machine, including all materials and labor, is, also, relatively 
very low. 

Your Sub-Committee, therefore, reeommends the general adoption this 
apparatus for tests direct bearing capacity soils, which may made 
the future. 


APPENDIX 


REVIEW PRESENT METHODS 


Although compilation and simultaneous publication proper form 
all the existing theoretical studies and formulas, and all the published tests 
earth pressure retaining walls, would interesting, not apparent 
that new formula digested from the information obtained and recom- 
mended for use would any better than the theories and the test results 
which such new formula was built. 

well known, all the earth pressure theories evolved the present time 
are open serious criticism. This statement equally applies the older 
(Coulomb, Rankine) theories which are based the assumption the incom- 
pressibility and constant internal friction the cohesionless granular soil, 
the newer (Boussinesq, Saint-Venant, Levy, Forchheimer, Skibinsky, etc.) 
theories considering the elasticity soils, and those (Resal, Cain, etc.) 
including the effect cohesion. All these theories are objectionable chiefly 
account their common assumption rigid, unyielding structure and 
uniform backing material, both which assumptions are far from the 
actual conditions encountered practice. Consideration the displacement 
the structure, together with varying consistency back-filling, however, 
would introduce such difficulties the rational treatment the subject, which, 
the present status mathematical science, seem insurmountable. 

The published results tests made determine the magnitude the 
lateral pressure and other characteristics soil, are even less convincing 
value than some the previously mentioned rational formulas. 
tests, far known, were made small scale, with few selected and 
carefully placed materials, not even approaching the conditions under which 
retaining walls actually sustain pressure. 

the other hand, unquestionably true that retaining walls designed 
many the theories mentioned and using the generally accepted values 
friction angles for the backing material, proved successful. failure 
occurred, could invariably traced foundation troubles or, case 
clay material, causes other than the insufficient strength stability the 
wall itself. 

would not wise, therefore, the basis existing information, 
recommend formula which would give stronger wall than Rankine’s, 
recommend another formula resulting thinner wall. 
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appears that the only way settle the one and one-half century old 
problem retaining walls base the theory and the determination the 
constants experiments made large scale, with models ranging from 
ft. height, and using methods back-filling similar those used 
the field. The largest possible variation back-filling material should 
tested the results are help the designer. This, course, 
difficult problem solve, involves the measurement the “earth pressure 
rest”, but great deal work with view devising testing apparatus 
measuring the thrust earth retaining walls has been already done 
Professor Miiller-Breslau and others. 

With regard the bearing capacity soils under foundations, the proper 
measure such value the settlement the soil under loads. The aim 
the Committee should obtain large number settlement diagrams for 
soils various consistencies and stratification. Such diagrams, the tested 
soils are accurately described with reference the classification proposed 
the Progress Report 1916, will prove invaluable for the practising engineer. 

believed that the collection experimental data along uniform lines 
procedure would the greatest benefit for both the practising and the 
research engineer, and that the Committee should nothing more than 
compile such data large numbers, would deserve the gratitude the 
Profession. 

The laboratory tests which have been made the past and which are now 
progress are means valueless from the point view the practical 
engineer. There are certain structures such grain, sand, and coal-bins, 
where the uniform consistency the material justifies the use rational 
formulas, and this true some cases retaining walls and foundations. 
Such formulas for some simpler cases have already been derived giving 
least true qualitative indication the distribution stress homogeneous 
soils. With the elastic and frictional constants determined laboratory 
experiments, these formulas will become once practically applicable for the 
limited field which the basic assumptions approximately hold. However, 
for the larger field retaining walls, foundations, and piles, appears that 
the way which reliable results can obtained testing situ. 


APPENDIX 


COLLOIDAL STATE CLAY 


the purpose this Appendix present the result preliminary 
search scientific literature relating clays. 


DEFINITION CLAY 


Clays may defined adventitious mixtures inert minerals such 
sand and complex compound possessing colloidal properties such silicates 
aluminum, iron, the alkalies, and the alkaline soils. Some clays are not 
wholly colloidal but may resemble mass mineral particles partly covered 
with colloidal substance. The quartz grains and mica present clays are 
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seldom covered with the colloidal substance. When the combination the 
granular particles and colloidal substance suitable proportions moistened 
with water, plasticity developed. excessive proportion sand will pro- 
duce sandy clay, and the colloidal substance excess, the clay plastic. 


The existence colloidal substance clays was established nearly fifty 
years ago Schloesing. More recently, Rohland has presented sys- 
tematic exposition the colloidal properties clays, which has been generally 
recognized. 

Colloids exist: (1) homogeneous suspension liquid, called “sol”, 
and possess the essential properties liquids; (2) continuous jelly with 
pore walls (and pores) filled with liquid called “gel”. Solids are included 
under (2) limiting case. The sol gel named prefix according 
the liquid with which associated, hydrosol, alcosol, 

analogy with the systems coarser particles, the solid-particle sols are 
frequently called “suspensoids”, those liquid particles, “emulsoids”. The 
terms, “suspensoid”, and “emulsoid”, with their compounds, are properly 
applied only systems within the assigned colloidal range particle size. 

Colloidal solutions are referred reversible and irreversible, according 
whether they will pass from sol gel and back sol, whether, having 
passed into the gel form, they cannot reconverted the sol. The process 
passing from gel sol called When granular matter 
also present, the terms, “flocculation” and “deflocculation”, are preferable. 

Some colloidal substances (sols) set spontaneously standing, some 
boiling, large number the inorganic colloidal substances freezing, the 
majority inorganic colloidal substances adding their solutions minute 
quantities electrolytes. re-soluble, sols not “set” but merely coagulate 
without setting. When set, sols form amorphous precipitates which are exactly 
alike. 

According Whitney: 

any substance which nature insoluble liquid pro- 
duced fine state division that liquid, will remain colloidal 
state (sol) until coagulated precipitated external 

The size particle regarded due the “degree dispersion” 
the particulate substance. decreased size particle spoken greater 
“dispersion”, the substance more highly “dispersed”. extension, all 
suspensions and colloids are “disperse” (or “dispersed”) systems, disper- 


‘soids; the particles compose the “disperse” phase and the medium the “dis- 


persion medium”. true solution possesses molecular ionic degree 
dispersion and “mol” “ion-dispersoid”. These terms include all colloidal 
systems, regardless the solid, liquid, gaseous state the particle 
medium, 

According Searle, the most important colloidal substances which are 
known definitely exist clays are: Colloidal silica which may exist 
the form silica hydrogel, with without occluded silica hydrosol, the 
latter being confined any liquid portions the clay paste, but distributed 
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more less uniformly through the clay slip; and colloidal alumina, which 
small and variable proportion occurs many clays, especially those known 
laterites. 

Colloidal ferric hydroxide has been isolated very small quantities from 
some ferruginous clays, but clearly cannot important cause plasticity 
which are almost free from iron compounds. The proportion water 
present colloidal ferric hydroxide very variable; parts with water 
drying similar manner silica, although much more irregular. The 
variable proportion water probably explains the variable color different 
clays containing iron compounds. 

Various colloidal silicates have been found small quantities some 
clays, although absent many highly plastic clays. The only exception 
this possible “silicate alumina” or, more correctly, “alumino-silica 
acid” (or series such acids), which appears essential constituent 
clays and may the origin the colloidal substance which they are 
supposed owe their value. 

Colloidal organic matter, chiefly humus, may play important part 
giving clays their characteristic properties, but some well-known highly 
clays are almost devoid carbonaceous matter, the latter cannot 
the chief cause their plasticity. 

From the foregoing, Searle assumes: 

“That the characteristic properties clays are not due colloidal silica, 
alumina, ferric hydroxide matter colloidal silicates the 


alkalies alkaline earth metals, although when any all these are present 
they may slightly increase the plasticity, otherwise modify the properties 


the clay.” 

From Ashley’s study the evidence Clarke’s data geo-chemistry, 
appears that the gelatinous silica most likely the products 
recent rock decay and least likely old soils. 


SUSPENSIONS 


Van Bemmelen went into the question the setting clay sus- 
pension. soon the loosely bound salts are washed out clay, 
becomes difficult cause settle, and cannot filtered, but runs 
through the filter paper. adding small quantity acid salt 
alkali, the milk-white liquid coagulates and settles short time. also 
can now filtered. Washing again with water, another point reached 
when the particles become infinitely fine and pass through the filter. 

Adolph Mayer has determined the limiting amounts electrolytes which 
will permit fine clay (free from soluble salts) still kept suspension 
water (100 grammes clay, 500 cu. em. water). The limits are: Am- 
monia, 2.5%; sulphuric, and nitric acids and the alkali salts 
these acids, 0.025 per cent. The practice the Bureau Soils add 
drops strong ammonia 5-gramme sample clay cu. cm. 
distilled water preliminary mechanical analyses. With alkaline soils, am- 
monia hinders the deflocculation and should omitted. 
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Disregarding the present conception colloids applied the mining 
industry, Free considers that dealing with suspension fine particles 
liquid medium. 

criticizing the concept gelatinous envelopes about the mineral grains, 
Free does not exclude the possibility surface alteration these grains, such 
surface alterations being merely part the phenomena, accompanying suspen- 
sions, and net considered apart from the grain the surface which 
they affect, which very different from envelopment the grains dis- 
crete films alien material. Yet not improbable that surface gelatinous 
films alien material exist certain natural clays and soils. 

Suspensions have been thoroughly studied geologists, soil physicists, and 
the specialists colloids. The most weighty result this study the pos- 
sible existence suspensions smaller and smaller particles. possible 
prepare suspensions clay other minerals the particles which are fine 
that they remain permanently suspended, although still distinguished micro- 
scopic examinations. short step from this the typical colloidal 
solution that appears free particles before the microscope, and the investiga- 
tions colloidal solutions made possible the ultra-microscope have 
established the conclusion that the typical colloidal solution, as, for instance, 
the well-known solution colloidal gold, simply suspension, the particles 
which are extraordinarily small. 


RELATION SUSPENSIONS AND 


The important concept here that the perfect continuity the sus- 
pension series. There natural break division any kind between 
suspension coarse gold fragments water and colloidal solution gold 
particles fine remain permanently suspended and microscopically 
invisible. Indeed, one regards ordinary solutions composed single 
molecules ions moving through the mass the solvent, then true solu- 
tions appear simply the limiting case the suspension series. 

The objection this conception the unity the suspension series from 
visible suspension the true solution that the properties the systems 
differ markedly different parts the series. This quite true, but close 
examination the series shows that all differences are degree only. For 
instance, coarse sand suspension, the most evident controlling factor 
gravity. Nothing but the continuous expenditure energy (as, for instance, 
shaking) will keep the sand suspended. one considers suspensions 
finer particles, gravity grows less and less important, while simultaneously 
the surface forces between the particles and the aqueous medium grow more 
and more important, until presently gravity yields control the other forces 
and the particles remain permanent suspension without external assistance. 
The changes are gradual and always result from continuous increases 
decreases the intensity affecting factors. 

summary what precedes, the conception colloids 
suspensions very fine particles. sharp distinction has been made between 
suspensions and colloidal solutions, but rather the unity the series, and 
properties other than the substances. Certain colloidal properties, such slow- 
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ness settling and imperviousness the settled mass, characterize suspensions 
finer grain. These may called colloids. The distinction relative, 
the suspensions are more colloidal than those usually encountered. Typical 
colloidal properties are best developed within limiting range particle 
size. The size the particles the purer clays comparable with that 
colloidal particles, but most clays contain large proportion larger 
particles that almost impossible isolate those which are colloidal, 
entirely satisfactory manner. There general agreement arbitrary 
size limits the following classification solid particles: 


Suspensions ....... Particles over 0.1 micron* mean diameter 
Colloidal solutions. between 0.1 and 0.001 
True solutions..... under 0.001 micron 


Colloidal properties, however, not necessarily cease exhibited 
suspensions, the particles which are outside these limits. 


PROPERTIES 


manifest that colloid very fine particles one sub- 
stance, suspended another, the total surface contact between the two 
substances will very great. This mutual surface called the internal sur- 
face. has been found that number peculiar properties, which sur- 
face tension the best known example, characterize all surfaces when two sub- 
stances come into contact, and the great extent such surface supensions 
and colloids give these surface properties and forces unusual importance 
controlling the salient properties the entire system. instance, the 
phenomena the absorption the concentration dissolved substances 
surfaces are exhibited high degree suspensions and colloids. 

The large internal surface colloids means that the surface relatively 
large with respect the masses involved. The criterion large ratio 
internal surface mass. The larger the ratio the more the sub- 
stance. 

Several other properties than the two herein mentioned may reviewed. 
Most important are the similarities to, and differences from, the true ordi- 
nary solutions, the particles which are supposed molecular ionic 
dimensions. The typical colloidal solution resembles true solution being 
permanent long the conditions remain unchanged; that is, the particles 
remain suspension and the colloidal solution retains unchanged chemical 
composition. 

The colloids differ (1) failure show true and constant solubility; 
(2) optical heterogeneity shown translucence turbidity; (3) the 
causing change, very small change, the freezing point and boiling 
point the solvent; (4) the production osmotic pressure; (5) slow diffu- 
sion and failure dialyze pass through parchment membrane. The 
causes all these differences will evident consideration the differences 
particle size which distinguishes the colloids from the true solutions. 

Another property the tendency the colloidal particles wander the 
electrical field and accumulate one the other the poles. This dis- 
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tinguished from ordinary electrolysis the fact that the passage current 
not essential. The matter one electrostatics and occurs non-con- 
ducting media. 

what precedes, has been assumed that all colloids consist solid 
particles suspended liquid medium, but this concept incomplete. For 
instance, the ordinary oil and vinegar salad dressing both particle and 
medium are liquid, yet the properties the mixture are typically colloidal. 
matter fact, possible prepare suspensions and colloidal solu- 
tions, the particles which are either solid, liquid, gaseous and which are 
suspended either solid, liquid, gaseous media. The medium, the 
particle, both, may homogeneous complex. 

Whatever the most probable theory the constitution clays, Searle 
considers that certain that some clays are not wholly colloidal char- 
acter; they rather resemble mass mineral particles, each covered with 
film colloidal matter. the latter could wholly separated, would 
not possess all the properties “clay”, this respect the application the 
term “clay” mixtures sand and colloidal matter justified. The laterite 
clays which are widely distributed the are characterized large 
proportion alumina and silica soluble acid. The ratio 
these two oxides variable, and seldom reaches 1:2, which conspicuous 
feature certain types the purer clays. This great variation makes 
more probable that the laterite clays are merely mixtures colloidal silica 
and alumina; their other properties resemble those such mixture rather 
than those typical clays, and the conclusions based the results elutria- 
tion may require received with caution. 

The proportion colloidal matter which can definitely separated from 
clays extremely small, being less than the most highly plastic 
specimens. This small proportion first difficult believe accountable 
for the great differences the behavior lean and highly clays, and 
this has been urged argument against the plasticity clays being due 
the colloidal material present. the other hand, there close similarity 
between the behavior many clays and that freshly made mortar when 
the total proportion colloidal matter present extremely small. careful 
comparison the structure and properties such mortar with those 
plastic clay gives clear idea the nature. 

The properties clays which are most closely allied those colloids 


mixtures colloids and inert materials differ according the clays are, 


respectively, the “dry”, “slip” state. The amount clay 
which ean suspended given volume water depends the physical 
condition the clay and the presence absence very small amounts 
alkali, acids, salts the water. 

The following properties can most satisfactorily explained 
assuming the presence colloidal substance: 

Water absorbed any clay fairly definite proportions which appear 
have some relation its plasticity, the lean clays absorbing much less 
water than the most plastic ones. 
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When clay completely dried without being excessively heated, 
highly hygroscopic and absorbs water readily—sometimes 15% its 
weight—without becoming appreciably moist. 

The nature clay distinguishes from silt and sand. When 
piece air-dried clay placed water, the latter enters into the pores, 
drives out the air, and lifts the smallest particles clay, disturbing the 
structure the material that partial complete break-down slaking 
The disruptive action the water the solid particles forming the 
clay mass may attributed molecular attraction between the water and 
the clay whereby the water wets the surface the latter and the resulting 
interposed film water reduces the cohesion the clay grains that they 
separate easily. The quantity water absorbed varies greatly with different 
clays; some cases, equal 80% the weight the clay. 

Rohland suggests that this power imbibing definite quantity water 
due the colloids the clay, and that soon the clay has absorbed 
water convert its colloids into the form colloidal sol, its 
ability absorb water reaches saturation point and ceases; this propor- 
tional the colloids present, and probably, roughly, the plasticity the 
clay. may, however, proportional the capillary spaces between the 

water added increasing quantities moderately clay 
that dry state, the clay can first moulded with difficulty, then 
more easily, and, later, may moulded with the greatest facility. the 
proportion water still further increased, the clay becomes sticky, then 
fluid, and eventually impossible form into any definite shape. 

the same experiment repeated with more plastic clay, using the 
same proportions clay and water before, will observed that will 
adhere the fingers and will allow further shaping unless its plasticity 
diminished adding non-plastic material altering the proportions 
clay and water. 

excessively lean clay, the contrary, only acquires the desired plas- 
ticity when has soft consistency which does not allow remain 
any given form, and, therefore, must rendered more plastic 
desired that should shaped hand. the clay subjected strong 
pressure, less water must added the body order give the required 
plasticity, and will expedient make stiffer consistency. Pressure, 
this case, plays the same part water the plastie qualities clays; 
the one can replaced the other, that the amount pressure 
the proportion water should diminished and vice versa. 

sufficient quantity water added clay form “slip”, the latter 
will certain characteristics, according the proportion water and 
clay the nature the clay and the purity the water. the proportion 
water large and the particles clay difficult separate, they may fall 
the bottom very soon after the mixing ceases, leaving only the smallest 
particles suspended the water for many hours. With high-grade clays, such 
slips have marked colloidal properties. 
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Clays usually exist large masses which are not readily affected 
water, but smaller pieces may broken down “slaked” manner which 
similar the deflocculation colloidal gels. Clays are remarkably sen- 
sitive the action electrolytes, small quantity solution soda being 
capable converting clay paste into viscous fluid which, the addition 
just sufficient acid neutralize the alkali, will again become solid. This 
behavior bears close resemblance the action electrolytes the coagula- 
tion and deflocculation colloids. 

The quantity water absorbed from the atmosphere the various con- 
stituents clay remarkable. 

Patten and Gallagher report that the quantity water absorbed from the 
atmosphere for quartz 25° cent., vapor pressure 23.50 (water) 0.61 per cent. 
Day and Allen report that the water constitution (about 0.6% for feld- 
spar) most cases really hygroscopic, and greater quantity the finer 
the samples are ground. 

From these and other authorities will considered that the large 
moisture content air-dried clays not wholly due the granular kaolin 
feldspar and quartz, but the organic matter and the mineral colloidal 
constitutents the clay. 

Schloesing noted the great bulk assumed the clay gel water. Experi- 
ments Patten and Gallagher with Susquehanna clay and various salt solu- 
tions confirm the increase bulk. 

Weber has shown that water associated with gel dissolved the 
gel. Van Bemmelen states that water homogeneously distributed through- 
out the substance the gel, not concentrated the surfaces like hygro- 
scopic water glass. 

The viscosity clay suspensions slips, before and after the addition 
various substances, can best understood answering that varies 
according the condition and proportion the colloidal substance present. 
Mellor, Green, and Baugh have analyzed the substances likely present 
in, added to, clays into five groups, according their action the viscosity 
the clay: 

(1) Substances which first make the slip more fluid, while further addi- 
tions stiffen the slip: Sodium and potassium carbonates, etc. 

(2) Small amounts thicken the slip; larger amounts make the slip 
more fluid: Dilute ammonia, copper sulphate, 


(3) Substances which make the slip thinner: Magnesium, sodium sul- 
phates, etc. 

(4) Substances which only stiffen the slip: Grape sugar, humic acid, 
ammonium chloride, calcium chloride, ete. 

(5) Substances which have appreciable effect the slip: Alcohol. 


The adsorptive power clays similar that colloids, rather 
that mass inert material, the particles which are covered with 
film colloidal matter which also fills some the interstices. Thus, clays 
adsorb soluble dyestuffs, oil, salts, tannin, humus, grease, etc. 

Many clays retain salts tenaciously that impossible wash them 
clean with plain water, but they can removed washing with solution 
salt which more readily adsorbed the clay. 
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The adsorptive power clay invaluable some industries, and 
account this power that, clay mixed with neutral slightly acid 
muddy solutions emulsions, when the clay settles will found have 
clear liquid. 

The adsorption clay usually determined noting the loss color 
dye solution, such malachite green, and comparing with another 
similar solution which standard clay has been added. 

Olschewsky’s suggestion that the particles clay are porous, cor- 
rect, the phenomena ascribed adsorption may really due adsorption 
within the capillaries pores. 

500-cu. em. bottle with ground-glass with vaseline, grammes 
clay and the dye were placed, then 400 cu. cm. water was added. 
The closed bottle was then fastened the frame small ball-mill (60 
rev. per min.), that every revolution was suspended. This gave 
vigorous and complete agitation, which lasted for hour. Although the 
clay appeared settle clear half hour, the results were too large 
and erratic unless the settling continued over night. the following day, 
convenient quantity the clear liquid was taken pipette and put 
into one pair “carbon” comparison tubes such are used steel 
analysis, and compared dilution with standard solution grammes 
per liter, using camera while matching. 

will noted that increased fineness grain considered cutting 
down the plasticity. has been repeatedly observed that increased fineness 
grain the granular material clay body source weakness 
and trouble; that, having greater surface, more colloid matter required 
cement the fine granular matter together and shrinkage and liability 
erack are increased. 

The capillary phenomena shown many clays and soils may also 
explained the hypothesis that clays are colloidal character. 
The porosity clays varies with the quantity water present, some 
stiff pastes being quite impervious, although the same materials are 
porous when dry. This porosity appears associated with the capillary 
structure many clays and while property possessed non-colloidal 
substances, characteristic property some colloids. 

The permeability clays dependent the quantity non-plastic 
material contains, and increases when sand added. Clay which has 
been suspended water and allowed settle usually quite permeable 
are many natural clay deposits. only when the material has been 
“worked” that becomes impermeable. 

Plasticity may defined that property material which enables 
change its form without rupture, the new shape being retained when the 
deformatory force removed. characteristic many substances be- 
sides clay, although clays possess the most marked degree. Ashley has 
pointed out that the conception plasticity may vary with the practical 
use purpose which the clay put. For instance, jigger-man and 
presser the same clay shop will not agree the quantity moisture 
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required, and brick-maker terms clay plastic when works well his 
machine, but potter usually places more emphasis the binding power 
the clay, although terms this its plasticity. 

Plasticity varies with different samples and different occasions, although 
raw moist clays are entirely devoid plasticity. Clays which are quite 
dry, are not plastic, but become when mixed with suitable proportion 
water form paste. Hence, the amount plasticity developed 
dependent the proportion water present. 

Liquids other than water may added the clay produce plasticity, 
but they must usually contain water, and even then, they sometimes produce 
quite different characteristics. Thus, glycerine may used. Fatty liquids, 
such oils, seem make more plastic body than with water, especially 
the clay has been dried take away from the hygroscopic water, 
but alcohol, ether, and turpentine produce bodies little plasticity. 

Plasticity also depends the nature the fluid and that the solid. 
Thus, although both water and oil wet quartz sand, water under suitable 
conditions will easily displace oil films from mixture sand and oil. 
the other hand, both oil and water wet zine oxide, but, this the oil 
will readily displace,the water films, forming paint putty. The resulting 
mass, this case, may said oleated, very much the same manner 

The possible plasticity clay other substances cannot developed 
commercial methods grinding unless the material state which may 
regarded plasticity. This has been regarded objection 
the view that plasticity due the colloidal properties clay, but the 
objection may met the reducing some clays fine 
state required produce requisite amount colloidal matter. 

Plasticity also varies with the presence certain other substances, thus, 
the following soluble substances reduce the plasticity: Ammonia, caustic soda, 
potash, lime, sodium carbonate, borax, and water-glass. They appear 
this coagulating .the colloidal portion the clay, but their action 
may prevented the addition sufficient quantity weak acid, 
neutralize the alkali the clay. 

The addition gum, glue and starch confers pseudo-plasticity clay 
which is, however, quite different from true plasticity, and makes the clay 
sticky rather than plastic. 

Ashley has stated that many plastic bodies consist more less granular 
material, coated and held viscous substance and hardening exposure 
the air cooling; for instance, putty, cake frosting, plaster Paris, 
wiping solder, mortars, waxes and clays, mixtures granular, non-plastic 
materials with moist organic and inorganic gels. 

The term, for granular materials requires qualification, since 
plastic bodies would lose plasticity the granular constituent were removed 
and would become sticky. depends proper ratio granular 
material and viscous suspension medium. 

Rohland considers that the plasticity clays depends the amount 


soluble salts present the water content rather than the constituents 
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the clay. clay plastic, however, when wetted with oil, 
the soluble salts cannot play the principal part. 

Quoting further from Searle, plasticity has been attributed the shape 
size the clay particles. Thus, Aron considered that plasticity was due the 
being spherical, but Zschokke, Biedermann, and Herzfeld dispute 
this, and attribute the presence flat and laminated crystals, view 
early put forward Johnson and Blake, and held later Bourry, who 
stated that plasticity becomes greater proportion the grains diminish, and 
that all minerals reduced sufficiently impalpable powder, will, the 
addition liquid, produce bodies having certain amount plasticity. 

According Chatelier, the lamellar structure and the well-known 
capillary attraction are sufficient cause plasticity. has shown that 
all plastic masses contain large proportion air comparing their density 
with that clay and water, and that each plastic mass there are innumer- 
able capillaries not more than in. diameter. concludes that the 
tension the menisci between the water surface and the air surface the 
capillaries explains the toughness the plastic mass, the capillary force pre- 
vents the mass from breaking under pressure, but allows the minute particles 
slip over each other, and yet adhere strongly that the mass retains the 
new form when the pressure removed. other words, clay when 
sufficient water added induce the cohesion point where can readily 


overcome the pressure one’s hands, that is, Ib. per sq. in., 


that balancing forces producing peculiar combination fluidity 
and rigidity the mass wet clay; under light pressure acts rigid 


body, under. heavier pressure acts imperfect fluid. The rigidity 


attributed friction between the clay grains, that mass clay retains 


its form until acted force sufficient overcome this friction and 
produce distortion. The fluidity the wet clay due the freedom 


individual particles move over each other, after cohesion has been partly 
neutralized the addition water. 

The theory that plasticity, instead being special property, simply the 
molecular attraction, and that all bodies which are made laminated 
particles must become plastic when they are reduced sufficiently impalpable 
powder, has been confirmed Vogt regards mica, which highly laminated, 
being made thin layers and when reduced impalpable powder 
becomes distinctly plastic water added. The insistence laid Bourry 
the laminated structure the particles has been frequently overlooked, and 
the suggestion that, because burned clay may ground equally fine and yet 
never become plastic, his experiments are not conclusive, irrelevant. 


\ 


Seger and, independently, Schumacher consider plasticity due 


molecular differences the clay particles, and Bischof agrees with the latter 
that clay has undergone great changes density during deposi- 
tion, and kind “felting” the particles has resulted that they adhere 
much more each other than the quartz and other particles which 
this felting process has not taken place. 

Wolff has caleulated the attraction the particles various substances 
each other the assumption that they are spherical. finds that the 


q 
. 


546 BEARING VALUE SOILS [Papers. 


mutual attraction the clay particles very high and that the ratio between 
their mutual attraction for each other and for water much higher than 
for any other substances examined. stated confirmation this theory 
that other substances can made plastic, they can made sufficiently 
small, precipitation. also pointed out that the combined water 
clay particle increases the ratio considerably and accompanied 
increase plasticity not only the clay, but alumina and iron oxides. 
Zschokke confirmed this theory, and has shown that clay particles have 
thicker film water around them than particles materials such 
sand. 

difficult attribute the plasticity solely the plate-like lamellar 
structure the particles purely mechanical chemical characteristics 
the atoms and molecules the clay and water, though these are undoubtedly 
important. Nor has the effort Chatelier find the source plasticity 
the presence small amounts impurities proved really helpful. The 
smallness and shape the particles appear important, clay ground 
pan-mill more plastic than when ball-mill used, the former flattens 
out the material, but this does not really affect the cause plasticity. Grind- 
ing not cause plasticity, though Johnson and Blake claim have made 
china clay plastic fine grinding. 

has been suggested Olschewsky, who based his experiments those 
Daubée, that the water used has chemical action, and that plasticity 
due the formation system capillaries the clay, felt-like spongy 
material being formed, and, this way, the clay particles are able come 
into closer contact, owing the production kind gelatinous colloidal 
film, but the presence alkali appears essential for this alteration 
take The finer substance ground the more complete 
its re-action with water, because small particle has greater surface pro- 
portion the water than coarse one. the particles are sufficiently fine, 
water may, indeed, act similar manner caustic alkali; thus, very finely 
divided silica becomes colloidal when brought into contact with boiling water, 
just coarser particles when brought into contact with boiling solution 
caustic 

Koerner found that other substances (as alumina) become sufficiently 
finely divided water, but their power cohesion lost drying, and sug- 
gested that the plasticity may brought about similar manner. This 
would explain why impossible powder highly plastic clays from kaolin. 

According Searle, whenever plastic clay subjected pressure tends 
obey the laws fluids, transmitting its pressure all parts its mass 
and flowing through orifice through which can escape, although far 
from being perfect fluid. From this arises the modern conception clay 
very viscous liquid which every particle solid matter surrounded 
film liquid, that the particles are virtually state suspension, and, 
that plastic clay is, any rate part, colloidal condition. 

attempting explain plasticity being due colloidal material, 
assumed that some all the pores are filled with colloidal solution (gel) 
obtained the partial hydrolysis the clay, and that the larger the propor- 
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tion pores filled, the fatter and more plastic will the clay, provided the 
proper ratio granular material colloidal gel retained. 

Rohland and others have further shown that the addition trifling amounts 
electrolytes often produces great changes the plasticity clay, and 
suggest that this characteristic colloids strong argument favor the 
connection between the colloidal material clay and plasticity. 

Plasticity not, however, entirely due the presence colloidal matter 
clays, although the effect colloids increasing plasticity de- 
nied. Hermann and others maintain that the presence inorganic colloids 
clays has never been conclusively proved. should noted that clay may 
suspended water and then precipitated deflocculated indefinitely with- 
out impairing its.plasticity. This not usually the case with true mineral 
colloids, which generally set irreversibly and not return the colloidal 
condition. Moreover, the whole any individual clay grain not softened 
the addition water. Repeated wetting and pugging does not materially 
alter the size the grains change their general outline appearance. This 
would not the case the clay were softened and reduced homogeneous 
mass, wetted, and subsequently broken with the formation new grains 
when was dried and ground. Whether wet dry, under the microscope, 
the grains retain the appearance sharply defined body. 

Van Bemmelen has pointed out the rapidity with which colloids lose their 
power absorbing water. This suggests that clays great geological age 
cannot contain active colloids produced when the clay was formed, although 
they may contain colloidal substances derived from adventitious materials, 
organic otherwise, comparatively recent period. The fact that many 
highly plastic clays appear free from such extraneous colloids only 
increases the difficulty regarding the latter the cause plasticity. Other 
objections equal greater weight may urged against any single theory 
yet published the causes plasticity that much further work requires 
done. 

summarizing the results the numerous theories and experiments made, 
Searle has stated that plasticity may said due not one, but several, 
causes, the chief which are: 

(1) The nature the molecules “true clay” present. 

(2) The extremely small size the particles, their lamellar shape, 
large surface (due porosity), and (possibly) their fissile char- 
acter. such small particles, the phenomena cohesion are 
quite different from those larger particles. 

(3) The hydrolysing action water the particles and the probable 
production inorganic colloid matter. 

(4) The presence organic colloid matter due impurities the 
clay, added purposely, may still further increase the plasticity. 

(5) The presence minute quantities soluble salts may exercise 
pronounced effect the plasticity. Plasticity appears 
resultant several properties (cohesion, adsorption, tensile 
strength, binding power, etc.) 

The measurement plasticity problem which has not yet been satis- 
factorily solved, probably for the reason that plasticity the result the 
united action several forces, some which may not, yet, have been 
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recognized important. Measurements tensile strength, viscosity, and the 
quantity water required produce mass given consistency, Sokoloff’s 
slaking test, and other single fail include all the properties 
involved the term “plasticity”. Zschokke, who has examined the subject 
very fully, considers that the percentage extensibility multiplied the 
tensile strength freshly moulded clay cylinder standard size (66 mm. 
high mm. diameter) coefficient the plasticity. Grout con- 
siders that plasticity proportional the product (a) the load required 
sink Vicat needle definite depth mass clay; and (b) the deforma- 
tion the clay under stress, which measures the increase area 
clay cylinder produced load which first causes cracks appear. Both 
Zschokke and Grout really consider plasticity measured the product 
the deformability and force-resisting deformation, although they differ 
the manner which they measure their forces. Ashley has adopted the same 
general idea the involved, but has assumed that the force-resisting 
deformation exerted the colloids the clay. He, therefore, regards the 
plasticity clay measured the ratio: 


Relative Colloids Air Shrinkage the Clay 
Jackson-Purdy Surface Factor 


the ratio the surface factor shrinkage approximately constant, 
Ashley concludes that the plasticity the clay directly proportional the 
colloids present; but appears unlikely that the whole the plasticity due 
the colloidal matter. 

Rohland, also assuming that the colloidal matter the clay the chief 
factor the plasticity, has suggested that the ratio obtained dividing the 
coagulable colloids the non-coagulable material measure the plasticity. 
ascertains measuring the quantity water required make the clay 
into the consistency good modeling paste, and argues that this 
measure the colloids because soon sufficient water present dis- 
solve the coagulable colloids, saturation point reached, and more water 
can absorbed without the clay losing its stiffness. 

Stormer has stated that plasticity may judged the following char- 
acteristics 

(1) The proportion water which must added the make 
good modeling paste. This not always reliable. 

(2) The “feel” the paste when rubbed between the finger and thumb. 

(3) The behavior the paste when rolled into “sausage”. 

(4) The adhesiveness the clay. 

(5) Twisting piece clay into spiral and noting its 

(6) the length the threads, produeed expressing the clay 


from vertical pug-mill, before they break off their own 
weight. 


(7) Forming balls clay and pressing them until the edges crack. 
(8) Bending cylinders clay into ring. 


None these taken alone can give measure the 
plasticity clay, although several them are closely related each other. 
The most reliable measure plasticity appears that devised Zschokke, 
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Rosenow, who multiplies Zschokke’s figure the percentage water 
added the dry clay make into workable paste, that is, Rohland’s 
figure. 


The binding power clay the property possesses uniting with 
non-plastic material and water form uniform plastic paste and is, 
sequently, closely related the plasticity. This absorption non-plastic 
material with the spread plasticity throughout the whole mass has been 
attributed the power the saturated colloids (gels) retain the non-col- 
particles state pseudo-solution. Other colloids are known 
possess the property preventing insoluble matter from settling and this is, 
some senses, parallel case. The binding power clay may deter- 
mined measuring the tensile strength mixtures clay with varying 
quantities sand, but skilled clay-worker can tell the “feel” whether 
such mixtures are strong enough useful. Clays with high binding 
power are known technically “fat” clays; “lean” clays are deficient 
binding power. 

Some writers appear consider that binding power and plasticity are 
synonymous. This means the case, clay may very plastic and 
yet not able bind much non-plastic material into uniform paste. 
the same time, there clearly some relationship between these two prop- 

The dehydration clays changes which are remarkably 
similar those which occur the dehydration colloidal gels. The most 
important these changes the shrinkage contraction the mass, the 
production hard material which, the dehydration accomplished 
heat, may result the production material comparable irre- 
versible gel. 

clays, like colloidal gels, shrink greatly when dehydrated and pos- 
sess air-drying shrinkage. mixing inert substance, such sand, 
with true colloid, the shrinkage lessened, and the cohesion the dried 
colloid; including its adhesion inert substances, the cause the in- 
creased mechanical strength many such mixtures. This another char- 
acteristic common colloids and all plastic clays. 

there wholly reliable method measuring plasticity, not 
state precisely what relationship exists between the plasticity and 
the shrinkage clays. Speaking broadly, the most plastic clays shrink more 
than those which are less plastic, but this not invariably the case. For 
instanee, the Lias clays usually shrink less than would expected from 
their plasticity. 

When articles made plastic clays are dried under suitable conditions, 
they contract equally all directions, the volume being almost 
three times the linear shrinkage. plastic clays crack twist 
when dried and many moderately clays will dried irregularly 
too rapidly. 
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When water added dry clay, first absorbed the pores, but 
when these are filled, any further supply water appears cause separa- 
tion the particles from each other that the volume clay increased, 
although not proportion the water added. The quantity water which 
can absorbed this manner differs greatly with different clays. The stage 
which the clay contains the maximum quantity water without loss 
shape also the point maximum plasticity; said the “point 
saturation the coagulated colloids (gels) the clay”. some “this 
water removed, the volume the mass begins diminish and contraction 
This contraction shrinkage chiefly, but not entirely, due the 
removal water from the clay evaporation the ordinary temperature 
(air shrinkage). 

all coagulated colloids (gels) which are saturated with water shrink 
when the water removed, some investigators consider that the shrinkage 
clay may due part this cause. The more general idea (which states 
facts rather than explains them) that, the water removed, any which 
remains draws the clay particles together into smaller and denser mass. 

The amount shrinkage appears depend partly the rate which the 
clay dried, for this operation performed rapidly, the shrinkage will 
less, the clay particles not having time move over each other freely 
when the drying slower. When drying strong porous clay, the water 
first evaporates from the surface and replaced capillary action from the 
interior, the mass contracting the same amount the water diminishes. 
All the pores remain filled with water until the rate evaporation exceeds 
the rate which the pores will transmit water. 

This point occurs when the clay particles move much less freely 
each other that the rate evaporation exceeds that the contraction. After 
the first stage surface drying, the exterior loses water more rapidly than 
the interior; the second stage, the pores are longer filled with water 
their outer ends and begin form spaces the clay, these spaces being 
filled with.air and water vapor. Contraction still occurs throughout this sec- 
ond stage until the substance far solidified that the individual particles 
can longer slip over each other all. The third stage then reached 
which action and shrinkage cease entirely. Evaporation now takes 
place entirely within the mass, and spaces are formed exactly corresponding 
the water lost. That shrinkage ceases entirely before the clay deprived 
water shown Aron and Brogniart characteristic many but 
not all clays. Aron supposed that the clay shrinks until the particles are 
practically contact with each other, that any further water which may 
driven off does not make any notable difference the volume the clay; 
but supporters the colloid theory argue that the heat used drying 
really causes the colloid particles shrivel, thus reducing their surface and 
increasing their density. Aron has further shown that the “pore space” 
constant for each kind clay, and dependent the quantity water 
formation added the clay, although this last statement only true the 
purer clays. 
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now, the pastes made with varying quantities water formation, 
are subjected exactly the same conditions drying, the rate not propor- 
tional the water added, but slower proportion for those with less water. 
takes, approximately, the proportional time the first two stages dry- 
ing, but the more solid the mass, the longer takes eliminate the last 
portions the water. 

the second stage drying, all clays lose water more rapidly the 
outside than the inside. The consequence the greater shrinkage the 
outer layer frequent cause cracking. 

general, the greater the proportion non-plastic material the clay, 
the less will shrink, and the greater will the porosity. The nature the 
material will also affect the shrinkage some extent, and will 
exercise considerable influence the quantity water absorbed the 
clay. Thus, porous, burned clay will absorb more water than sand. The 
porosity dehydrated clay appears due the capillary structure 
the material. 

Other properties which clays the plastic state possess common with 
colloids are: 

(1) Cohesion closely allied with extensibility, the ability clay 
stretch when pulled, which measured ascertaining the 
fullest extent which clay test piece given size will 
stretch without breaking. 

(2) Torsion, the extent which piece clay can twisted, 
which measured clamping one end bar clay rig- 
idly possible and rotating the other slowly means 
counting the number complete revolutions which can 
made before the bar breaks. 

(3) Bending moment, the angle through which bar clay can 
bent without rupture. 

(4) Elasticity, the extent which piece clay can stretched 
and yet return its original length when the tension removed. 

The tensile strength clay its resistance being pulled apart. The 
non-plastic materials influence its strength inversely the diameter their 
grains, that finely grained clays will usually the strongest, although 
excess very fine very coarse grains will cause the clay break pre- 
maturely. support the theory that the grains clay interlock some 
extent, Ries found that mixtures two clays can made, which have 
higher tensile strength than either clay taken has 
sometimes been stated that the tensile strength clay enables carry 
large quantity non-plastic material, but this rather confusing the effect 
with the cause. Olschewsky has proved that there direct relationship 
between the binding power clay and its tensile strength when dry. 
was one time thought that the tensile strength clays proportional 
the plasticity, but this only true, all, when the pieces are tested 
the moist (plastic) state. air-dried, the definite relationship ceases. 

The tensile strength dried raw clays depends the proportions the 
grains different sizes. Equal sized grains cannot packed into dense 
mass. excessive proportion the finest clay large percent- 
age sand grains (0.5 1.0 mm.) weakens the strength air-dried clay. 
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From the foregoing, there appears close parallelism between the 
more important properties plastic clays and those other colloids, but the 
question still remains whether these colloidal properties are due the 
nature essential constituent clays (clay substance) other col- 
loidal substances which may present. 

has been suggested the foregoing that the more important prop- 
erties clays may due the presence colloidal matter them. 
has been shown that colloidal matter does exist clays and that many 
the, characteristic properties clays are equally characteristic colloidal 
gels, although none the latter possesses all the properties valuable 
plastic clay. The question, therefore, arises whether the so-called col- 
loidal properties clays are merely coincidental with the composition 
clays, whether plastic clays contain some substance substances not 
hitherto identified colloidal gel. 

There can doubt that most plastic clays contain large proportion 
non-plastic and non-clayey material and may regarded diluted clays. 
Some the most highly plastic clays, the contrary, consist such small 
particles that the non-clayey matter cannot satisfactorily separated. 
the one hand, attempts separate ideal “clay substance” chemical 
mechanical methods have resulted material which almost devoid 
plasticity, and the other hand, attempts show that clays are essentially 
colloidal have not satisfactorily produced any definite colloidal substance 
which can regarded clay. are compelled, therefore, realize that 
many the more important properties clays are due the colloidal 
nature the material, although clays are not wholly colloidal, and that this 
essential colloid has not been identified. far does exist, appears 
(a) colloidal acid widely distributed through mass 
inert granular material the same chemical composition, even 
entirely different one, such sand, the whole being comparable freshly 
made concrete, but differing from the latter requiring heat “set” it. 
Alternatively the colloidal material may mixture colloidal silica 
and colloidal.alumina precipitated simultaneously from the sol state such 
manner appear definite chemical compound. This possibly can 
only confirmed disproved large amount experimental work which 
completed. The chief difficulty accepting the alternative hypoth. 
esis that, were correct, should possible isolate relatively large 
quantities colloidal silica and alumina from such highly plastic and rela- 
tively pure clays the ball clays, but this has not been accomplished. This 
may rendered difficult impossible the mutually coagulated silica and 
alumina gels behaving compound which the silica and alumina have 
great affinity for each other that they cannot separated means 
applicable the isolation the simpler gels. Finally (c), almost any 
material may, suitable treatment, converted into the colloidal state, 
the characteristic properties plastic clays may independent the 
chemical composition of. the colloidal matter present them. this was 
the case, any mineral which could converted into colloids 
the natural agencies which clays had been subject, would possible sources 
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clay. This explanation has the great advantage accounting for the 
small proportion colloidal matter present even the most plastic clays, 
such colloidal matter was the result age-long grinding minute 
rock particles under water, only natural suppose that the product 
such action would grains the original rock surrounded film 
colloidal material. If, the contrary, clays are produced mixing col- 
loidal matter (formed separately) with non-plastic grains, most likely that 
considerable quantities such wholly colloidal matter would found 
small pockets fissures clay beds. This does not appear the case. 

any all these three alternatives were correct, they would explain 
many the known properties clays. Both silica and alumina gels readily 
become irreversible; even when prepared under the most favorable conditions, 
they are much less “manageable” than many other colloids. Hence, 
only expected that complex gel, containing both silica and alumina 
intimate admixture, even state combination, would extremely 
difficult isolate approximately pure state. 

far can ascertained present, the colloidal material which 
clays appear owe their characteristic properties has been produced the 
very prolonged action water rocks, chiefly those composed one 
more acids, the precise nature and origin which still 
uncertain, although represented roughly the formula, the 
ease Cornish china clays, Dorset and Devonshire ball clays, and possibly 
other less pure clays. This colloidal constituent clays appears 
very finely divided, solid, cellular substance (it need not, course, consist 
any one chemical compound; even consisted chiefly one such com- 
pound, would seldom, ever, pure), which can absorb water like 
sponge, thereby forming kind jelly which retains the water capillary 
attraction and only permits evaporate very slowly the ordinary atmos- 
temperature. Consequently, the proportion water present clay 
paste given consistency rough measure the colloidal matter present 
and when precisely similar clays are compared, may also measure 
the plasticity the paste; the latter property partly due, however, the 
size the grains coated the colloidal material and the thickness and 
other physical the colloidal coating, and the extent which 
penetrates any pores interstices the granular material. Various 
attempts synthesize “true clay” have been unsuccessful. 

present, seems quite impossible certain the composition 
the substance substances which clays owe their chief characteristics. 
The reporter favors the view that age-long grinding has produced film 
colloidal matter grains material probably accounting for 
most clays, but also believes that single cause can for the 
formation all kinds clays, and that other explanations may equally 
correct some cases. The fact that the finer particles all clays 
correspond more less closely the formula, does not neces- 
sarily invalidate the theory that clays are simply product intensely 
ground rocks, there are many clays which not correspond the formula 
just mentioned, and some these which correspond more closely are 
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only feebly plastic. The similarity composition materials regarded 
clays may, possibly, merely coincidence due the predominating 
proportion alumino-silicious rocks the material which the earth’s 
crust consists. 

Whatever its nature and origin, now fairly well established that many 
the properties clays are closely connected with the colloidal matter 
present, such matter being the form film colloidal gel surrounding 
particles which are non-plastic colloidally inert nature; some cases, 
they may rich both alumina and silica—as china clays and ball 
while others they may almost wholly silicious, fireclays and many 
brick clays. 

The particular kind and quantity gelatinous matter present, the size 
and shape the grains non-colloidal material, and the relative proportions 
large and small grains are important factors determining the various 
physical properties clays, particularly their binding power, compressive 
strength, tensile strength, and air shrinkage. 

Very recently, Anderson and Fry completed preliminary study the 
solid phases obtained the evaporation certain soil extracts. order 
obtain sufficient material, they found necessary work from 500 
soil. The amount colloidal material obtained from large 
quantity extract was, course, considerable, and possesses such 
striking properties that some time was devoted the study it. 

Method battery barrel-type churns was used for 
stirring the soil with water; lb. soil were placed each churn and 
125 lb. pure distilled water added. The churns were rotated for several 
hours and then allowed remain rest for hours before the supernatant 
liquid was siphoned off into well-tinned milk cans. The next step was 
pass the turbid liquid through Sharpless centrifuge. While this con- 
tinuous process, that each portion the liquid was subjected 
the force 500 gravity for least min. The liquid issuing from the 
centrifuge was usually quite opalescent with colloidal material, which was 
next separated from the dispersing medium means batteries Pasteur- 
Chamberlain filter tubes (Bogie F). The clear filtrate was concentrated 
steam kettles for other researches. The colloidal material collected 
the outside the tubes slimy, sticky mass which soon clogged the 
filters. However, was easily removed blowing air into the tubes. The 
name, “ultra clay”, has been given this material. 

The ultra clay was purified many instances dialysis. This process 
proved very slow and was finally given up, and the purification was carried 
out stirring the colloid with distilled water and drawing the water off 
clean filter tubes. This method was very satisfactory. 

The chemical composition ultra clay varies considerably. The inves- 
tigators are convinced that mixture colloids, consisting mainly 
the hydrated silicate aluminum, and containing varying amounts ferric 
hydroxide, silicic acid, organic matter, and possibly aluminum hydroxide. 
There are always present small, but varying, amounts calcium, magnesium, 
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potassium, and sodium. Whether chemically combined physically absorbed 
has not yet been determined. 

When ultra clay suspended water, gives every evidence being 
true colloid. Under the ultra-microscope, appears droplets 
amber yellow color and shows the Brownian movement very marked 
degree. When very dilute solutions electrolytes are allowed diffuse under 
the cover glass the slide, the Brownian movement once arrested. 
When suspensions are concentrated, much flocculation occurs. The addition 
any electrolyte, alcohol, will, course, have the same effect. When 
the thick mass diluted the coagulating material removed washing, 
free suspension the colloid again obtained. the colloid very 
thoroughly dried the water bath, re-suspends water very slowly. 
The dry material resinous and amber yellow color. 

Clay soils that have been thoroughly elutriated, the mechanical 
analysis soils, lose much their plasticity. The ultra clay, the other 
hand, very plastic when moist, and exceedingly sticky. Certain experiments 
have been carried out determine the adhesive properties ultra clay. The 
results recorded Table show that, 10%, ultra clay much 
stronger binding agent than Portland cement. this true only 
when the material dry. Briquettes cemented together with ultra clay 
pieces very readily when thoroughly moistened. 


Percentage Portland Cecil Susquehanna Commercial 
cementing cement, ultra clay, ultra clay, aolin, 
material. kilos. kilos. kilos. kilos. 


0.00 0.00 0.00 0.00 0.00 
0.50 0.00 8.18 5.42 0.00 
1.00 0.00 6.70 0.00 
5.00 61.57 54.84 0.00 

WITH QUARTZ FLOUR: 

0.00 17.88 17.38 17.38 
0.50 29.86 33.66 28.08 17.56 
1.00 50.61 52.82 19.40 
5.00 72.89 65.54 69.70 17.96 
10.00 85.32 128.18 


The briquettes were mm. high and mm. diameter, made with 
18% moisture, under 1800 lb. pressure per square inch and dried 
100° cent. 

seems evident, therefore, that ultra clay the principal binding material 
the soil, giving plasticity, cohesiveness, hardness, according the 
moisture content. The recognition these important properties shows the 
fundamental relation the material bears certain engineering problems, in- 
cluding sub-grades road construction. 
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The possibility finding means control certain these properties 
offers field research, with the promise results economic importance 
agriculture and engineering. not question minute particles 
sticking together, but the actual presence powerful binder, the nature 
which destroyed the application heat. 
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APPENDIX 


PROGRESS REPORT TESTS UNDISTURBED CLAYS 


AND PLAN INVESTIGATION 


General are recorded the following pages the results 
field investigation determine the physical properties soils they 
exist their natural beds. This research was performed the Engineering 
Experiment Station Iowa State College for the Soils Committee the 
American Society Civil Engineers. was conducted conformity with 
plan already adopted the Soils Committee having different laboratories 
carry out its general plan research. The work may considered sup- 
plement the previous investigations already made harmony with the plan 
the Committee. number new projects have been initiated the 
present investigation. 

Outline Program program research here sub- 
mitted abstract was planned the Director the Engineering Experi- 
ment Station Iowa State College, Anson Marston, Am. Soc. 
was suggested brief that: 


(a). The various physical properties the earths their undisturbed 
states Nature determined, viz., the tensile, compressile, shearing, trans- 
verse, and such other “strengths” seemed important and found par- 
ticular depths below the surface. was thought desirable this 
connection that those areas which were exposed stress the experi- 
mentation should sufficiently large commensurable with the needs 
the practicing engineer his field and office work. 
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(b). was furthermore desired that various supplementary tests consid- 
ered important the geologist and soils physicist should determined, 
namely, the true and apparent specific gravities, specific weights, percentages 
capillary and hygroscopic moisture existing the time the major tests, 
mechanical analyses, coefficients friction, porosities, constants flow 
water through soils, and such other factors seemed important and will 
discussed later. 

(c). Chemical analyses determine the typical constitutions the several 
classes soils encountered, were considered essential. 

(d). study the colloidality clay was suggested and will taken 
due course. 

(e). Finally, was decided determine the laws variation pressure 
existing the case actual earths when they are subjected various types 
loading and under different seasonal conditions. 


PLAN TRACT LAND 
USED FOR 
SOILS INVESTIGATIONS 
STATE COLLEGE 


Yellow Clay: 
45610 


Squares indicate 
location from which 
specimens were taken 


North and South Road 


This investigation has been conducted 3-acre tract land which has 
been set aside the Iowa State College Administration for the purposes 
hand, together with such other investigations this character have been 
previously initiated will conducted along related lines. sketch 
the tract plan and its environs given Fig. The location from 
which the specimens for tests were taken has been indicated. 

Thus far, has seemed advisable consider the extension this work 
through the two summer periods 1921 and 1922, and the work attempted 
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far has been arranged that basis. The work completed date has 
been recorded and discussed some extent this report which has been 
largely confined the measurements and study the behaviors the 
particular earths and top soils thus far encountered. The field operations nec- 
essary and preliminary the determination and study stress distributions 
had not sufficiently progressed the present time afford data for this 
report. 

Personnel and Acknowledgments.—The execution the plan research 
was entrusted the writer. was assisted the following associates: 
Mr. Mahone assisted the field investigations, took charge the 
mechanical analyses and moisture determinations, made number the 
gravity determinations, and carried out numerous computations. 
was assisted partly his work Mr. Williams. Hanson, Assist- 
ant Professor Mechanical Engineering, Iowa State College, served pho- 
tographer, and made number field tests. 

The investigational acknowledges the cordial co-operation Dr. 
Sweeney, Head the Department Chemical Engineering Iowa 
State College, who has kindly consented initiate the investigation the 
colloidality clays, which will carried out detail the operating force. 
Paul Cox, Professor Ceramics Engineering, was frequently consulted 
the properties clay. The services Richardson, College 
Photographer, are acknowledged photographic work. The Department 
Soils the College through Mr. Firkins gave the access 
its methods conducting physical tests soils, which were valuable 
arranging methods and perfecting details the investigation. 


TENSILE TESTS 
1.—Methods Procedure 


(a).—Preparation Test test specimens accordance 
with the program, were prisms cut out the solid earth without injury 
its structure, these prisms enclosed suitable box draw-head, 
being finally encased within the draw-head shell concrete. Quick- 
setting plaster Paris and sand casing for the sake 
expedition view storms, flooding, summer heat, and other exigencies with 
which was found necessary contend later. 

was found advantageous proceed follows preparing test speci- 
mens: The earth was denuded until the proper stratum clay was exposed. 
The depth the stratum was ft. below the surface, the case 
both the yellow and blue clay thus far studied. The clay was cut into 
grooves valleys about ft. wide ft. deep, leaving several ridges 
exposed above the depressions, rectangular section, and approximately 
the same dimensions the preceding. The ridges were divided transversely 
narrow grooves, using sharpened spades for the purpose, thus “blocking 
out” prisms roughly approximating the finished prisms. The finished speci- 
mens were finally obtained “chiseling off” the excess material—usually 
in. thick—to give the appropriate working dimensions. The finished 
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test pieces were square section and were really inverted frustrums square 
pyramids, the lateral faces being beveled angle approximately 1:12 
slope. The net section the base the enclosing box was intended 
16.97 in. square give net area 288 sq. in., sq. ft. The box was 
constructed 2-in. Oregon fir, was well braced, and vertical height was 
in. 

(b). Method specimen ready for test after the plaster casing 
has well set shown Fig. which will need little description. Care was 
exercised centering the overhead frame avoid eccentricity loading. 
Power was applied through the 1-ton chain hoist shown the photograph. 
Maximum loads failure were observed with Kohlbusch dynamometer 
capacity, which could read being provided with actual 
and maximum load index pointers. The weight the draw-head and con- 
tained earth given the former were subtracted from the maximum 
loads observed give the maxium force rupture. The dynamometer 
was calibrated Olsen testing machine and found read from 
100 Ib. under the real weight. All loadings recorded were corrected ac- 
cordance with the calibration. 


2.—Results Tensile Tests 


The results tensile tests the yellow and blue clays are shown 
Table and Fig. which gives graphical representation, the abscissas in- 
dicating the number the specimens and the ordinates the stresses, pounds 
per square foot, failure. The heights the bands indicate the relative 
strengths the yellow and blue clays and the variation from the mean 
values shown the horizontal lines. These results fall fairly within the 
range 160 800 lb. per sq. ft., given Airy.* 

The maximum load index advanced rather rapidly its upper limit during 
the operation the hoist. The other index followed and then lagged and re- 
treated from different increments loading were applied 
nearly continuously; which shows slight tendency stretching the clay 
during its tension. was the intention make measurements the stretch, 
the case shear and compressile tests which are given later, but 
account the difficulties encountered plowing the valleys, this was deferred 
until later. The surfaces the fracture the level the draw-head were 
characteristic throughout, the surfaces fracturing convex upward (but some- 
times downward) from in. all cases. The reason for this convex 
surface fracture doubtless the same that existing for the nearly 
ellipsoidal variation velocity the case laminar flow water pipe, 
that existing for the “cone and cup” fracture steel bars after tests. 
the first case, the water the outer wall friction. 
the second case, the outer rolled “shell” steel stronger than the interior 
material. the case the tensile tests clay, the walls the box con- 
tainer and the additional hard shell plaster Paris doubtless restrain 
displacement the particles much the same manner. one instance, 


Discussion paper the late Sir Benjamin Baker, Hon. Am. Soc. E., 
“The Actual Lateral Pressure Earthwork,” Minutes Proceedings, Inst. E., Vol. 
LXV. (1880-81), 188. 
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5.—CLAY SPECIMENS READY FOR TENSILE TESTS. 
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time, rates displacements velocities are considered; the other, dis- 
placements alone. 


(Apparatus Shown Fig. 5.) 


Maxi- 
Serial ensile mum 
test, fracture, emarks. 
rupture.| square 
oot. 
July 29.... 16.87 17.06 2.00 425 concave down. 
August 7.0 17.0 2.01 190 cont, Aug. clay stiff and 
firm, fracture plane. 
17.0 17.0 2.01 310 154 
17.0 17.0 2.00 510 plane fracture. 
17.5 17.25 2.10 375 slight concave down. 
17.5 2.12 545 256 nearly plane. 
T10 17.0 17.0 2.01 600 nearly plane. 
T12 17.0 17.0 2.01 185 nearly plane. 
Rained hard two nights before. 
Fracture convex in. 
17.5 17.5 2.12 510 effect rain. fracture plane. 
granulated. 
17.25 17.5 2.10 560 plane and granulated. 
T23 17.5 17.5 2.12 830 convex in. 
Average for blue clay........ 


The preponderance strength the blue clay over the yellow, although 
evident, was not especially marked, and did not occur the extent that had 
been expected. The yellow clay may here regarded formed through the 
product oxidation the deeper blue variety through the penetration 
air from the upper surface contained ground-water. The ferrous salts 
blue clay are thus changed ferric through the addition oxygen. The 
yellow clay was not firm dense the was not infrequently 
permeated roots, worm holes, and fibers small crevices, and the strength 
would correspondingly decreased. Probably the falling off strength 
the blue clay over that which was expected from the character the deep 
preliminary borings, however, was due the fact that the blue strata, while 
originally ft. below the upper surface, were, fact, gravel pit from 
which material had been excavated years past. (See Fig. 4.) Thus, the 
upper top soil, yellow clay, and some gravel having been removed, and the 
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actual depth the plane rupture being only about ft., oxidation may 
already have been occurring through the downward seepage ground-water 
already mentioned. 

The denser the matter, other things being equal, the greater the resistance 
presented deformation. Oak, for example, both heavier and stronger than 
pine; dense concrete heavier and stronger than more porous variety; 
steel which receives many passes through the rolls heavier and stronger 
than that receiving few passes. expected that earths which have 
been compacted through the slow proeesses time, general, will 
stronger than those less compact. What the investigators have sought 
show that the stress curves for sands “spread out” over sheet,* 
approximately their weights per feet, other earths and clays 
particular may follow this same law. Qualitatively, there little doubt 
this. The blue clay specimens, T22, T23, and T24, which were the most 
compacted region the blue-clay bed also were among those having the 
greatest tensile strengths. The blue clay tension relatively heavier and 
stronger than the yellow clay, just the latter predominates density and 
strength over the loams. particular cases, however, various local factors 
apparently may change the general law. 


Breaking Loads per sq. ft. 


Yellow Clay Blue Clay 


The methods used obtaining the relative weights the soils place 
are described later. The values per cubic foot, far obtained, are platted 
the same scale, but different units, Fig. will noted that 
parallelism other visible relation which would indicate quantitative 
law correspondence apparent. Dr. Sweeney expressed the opinion that 
the uncombined water prominent factor considered 
and, undoubtedly, this so. Sunbaked clay, course, will stronger than 
that existing after flood. The water content discussed later. One the 
prominent factors appeared the friability brittleness the blue 
clay, induced the infiltration water and air previously mentioned, 


See Figs. 24, 25, and 26, Proceedings, Am. Soc. E., Vol. XLVI (August, 1920), 
pp. 
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which oxidizes the ferrous matter and causes the deposition brownish- 
yellow film along the planes separation which the structure. 
slight shock result this film matrix was often sufficient leave 
the blue clay coarse granular mass, and militated considerably times 
against securing good compression and transverse specimens the blue clay. 
Many these points require further study. Smaller specimens more easily 
prepared and many them undoubtedly are necessary this work cor- 
relation. The experimenters have under consideration other apparatus and 
further experiments along this line. 


Fill surrounding void with packed loam 


g Wheel operated 
pr Seales arranged to show by hand 

$ the shearing deformation. 

Dynamometer 

n 


Rollers 


SHEAR TESTS 
Procedure 


shear specimens were obtained 
much the same manner the tensile specimens. The prisms were cut out 
the solid dimensions, in. wide in. long about in. high. 
The wooden base frame 6-in. fir, shown Figs. and was placed 
over the specimen and the clearance space about in. was cased with 
black loam firmly packed into position. This acted much moulders’ sand 
when packed flask around pattern. The upper box 
material was inserted place and separated from the lower box 1-in. 
rollers for the elimination friction the wood the performance the 
tests. Egress the casing loam from this box was effectually prevented 
stiff sheet-iren strips secured the inside the upper box the front and 
sides and extended seal the 1-in. space made the rollers (entering 
the lower frame depth about the sides only). similar piece 
was placed the lower frame the rear. The specimen after thorough 
ramming the casing material with shingle strip was ready for the 
measuring apparatus. There slight increase resilience over that 
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the earth proper result the contact with the wood, which could 
obviated taking larger areas, but, for practical purposes, this seems 
unnecessary. 

(b).—Method dynamometer used the tensile tests was 
utilized for measuring the shearing resistance. This dynamometer was in- 
serted, and power was applied through the crank and screw the right. 
Deformations along the surface shear were measured two scales placed 
juxtaposition, one the lower and the other the upper frame, in- 
dicated Fig. One observer applied the loads and read the dynamometer, 
while another read the movement the light pressure the hand 
downward applied the rim the upper box the end prevented any 
uplift, which sometimes occurred. This can corrected 
lowering the steel bars the upper frame. The rollers eliminated the fric- 
tion between the wood, has been stated. 


(Apparatus Shown Figs. and 8.) 


Serial Shearing| 
test Soil. fracture, rupture, unds Remarks fractures. 
men. pounds. square 
oot. 
Sandy 
Yellow 
value. 
efined. 
Average for yellow clay...... 164 584 
ted. 
and perhaps crushing. 
and perhaps crushing. 
less granular. 


Average for blue clay......... 
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2.—Results Shearing Tests. 


The force exerted tangentially the screw the upper box and meas- 
ured the dynamometer resisted the fixed part earth the lower 
box. The maximum force, observed the pointer, divided the area 
the plane separation (which was near the plane the rollers, 
this area being about sq. ft.), gives the shearing stress pounds per square 
foot. The loads were applied nearly uniform rate, and the deformations 
were determined stress increments from 100 The maximum 
shearing strengths observed for sandy loams, yellow and blue clays are given 
Table and Fig. the latter being graph the results the former. 
will seen from Table and Fig. that the yellow clays had the 
greatest shearing resistance. The range values extending from 440 695 
lb. per sq. with average 584 The blue clays are next with 
range 365 517 per sq. ft., and averaging 426 The sandy loams 
range from 290 353 per sq. ft., and average 312 The loams had the 
better defined shearing surfaces which may described conchoidal, being 
not unlike the tensile tests. The yellow clays are next clear definition. 
The blue clays tended more less granulated, probably account the 
friable character the clay examined due the causes mentioned. is, 
course, quite safe say that the deeper strata blue clays, unaffected 
ground-water and oxidizing elements, will possess considerably greater 
strengths than those given. fact, the dried blue clays were extremely hard 
like shale. Doubtless, the upper limit 800 Ib. per sq. ft. tension given 
Airy was for very dense blue clay. 


Maximum Shearing Stress 
per sq. ft. 


Loam Yellow Clay Blue Clay 


The results the deformation data for yellow and blue are recorded 
Table They are almost precisely similar those platted for com- 
pression Figs. 10, 11, and 12, and have not been platted. Those for the 
sandy loams are also the same type. will noticed that the 
not follow those for elastic materials. 
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TABLE YELLOW AND BLUE CLAY. 


Shearing NUMBER SPECIMEN, AND SHEARING DEFORMATION, INCHES. 


Yellow clay 


Shearing NUMBER SPECIMEN, AND SHEARING DEFORMATION, INCHES. 
Type clay. 


Blue clay..... 


@ 


Gore 


0.70 


readings are the relative movements, inches, one scale Fig. the other. 


clear that the shearing strengths which have been determined, 
are the initial shearing cohesions the earth according the hypotheses 
advanced Bell,* and other authorities, that is, they correspond 
the Committee, Appendix determined the Bureau Stand- 
ards tests. More strictly, the shear may regarded that corresponding 
the initial stress plus the friction developed under about per sq. in., 
144 lb. per sq. ft., since this was approximately the quantity earth above 
the surface detrusion. was thought advisable carry.on series 
tests according this method, placing the earth under further compression 
loading with 50-lb. weights different increments, and measuring the 
additional strength gained and the coefficient friction. 


Discussion Compression TESTS 
Procedure 


Considerable difficulty was experienced obtaining compression tests speci- 
mens account the brittleness the clays and their tendency disin- 


Minutes Proceedings, Inst. E., Vol. 199 (1916), pp. 
“Earth Pressures, Retaining Walls, and Bins”, 1916, 
Proceedings, Am. Soc. E., Vol. XLVI (August, 1920), pp. 
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tegrate during the “sculpturing” the samples. carpenter’s chisel fre- 
quently sharpened was found the best tool for cutting cylinders form. 
soon the specimens were cut shape, they were coated with film 
hot paraffin which served protect them that they could transported 
the laboratory for test. This film was about in. thick and was 
applied quickly dipping the specimen pan the paraffin which was 
heated over alcohol lamp. The heat the sun was sufficient melt the 
paraffin, the latter had appreciable effect the specimen, but formed 
the thin coat immediately contact with the clay. This film corrected 
tendency superficial disintegration and accordingly prevented integral 
failure handling large degree, for matter fails, must have space 
fail, and this prevented the film. The cylinders were then carefully 
packed loam for handling. The ends were capped with plaster Paris, 
the case concrete cylinders. 


-0040 .0080 .0120 .0160 .0280 .0320 .0360 
10. 


The tests were conducted Olsen, 4-screw, machine (Fig. 13). 
The only mechanical detail needing brief description are the extensometers. 
These were conveniently made three Ames dials reading 0.001 in. and 
having travels spindles in. fastened the pins.of “drill rod” 


the size knitting needle, which were stuck the clay 120° apart 
about the axis cylinder. 
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The dial spindles were contact with short gauge-rods similarly con- 
nected the clay pins. The spindles the gauges were held taut against 
the gauge-rods rubber bands. These gauges gave good satisfaction and 
are recommended for field use. 


Pounds per sq, in, 


11. 


12. 
2.—Discussion Results. 

observed maximum loads, pounds per 
square inch and pounds per square foot, are shown Fig. 14. The average for 
the yellow clay 28.5 per sq. in., exceeds that the blue clay 17.2 lb. per 
sq. in., about per cent. The characteristic failure was usually 
bulging walls, the case lead cylinders, accompanied “spawling 
off” the outer layers. the yellow clay cylinders failed shear- 
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CYLINDER COMPRESSION TEST. 
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ing “clean off’ inclined plane, the case some concrete column 
and cylinder tests. 


TABLE 5.—Compression Tests 
(Apparatus shown Fig. 13.) 


= a aa 
= 
August Yellow clay 11.0 36.8 29.4 2.12 Sides bulged out. 
inclined fracture. 


Yellow clay 8.30 9.5 54.1 35.5 2.56 Started fail shear, 
bulged one side. 
bulged other. 
through specimen. 
near bottom. 
opposite 
side. 
opposite 
side. 


Yellow clay 


Average for yellow clay....... 28. 
Average for blue clay............. 


(b).—Flow Clay Under Low was subjected for 
hours continued loading amounting its maximum only 5.44 lb. 
per sq. in., less than one-fifth the breaking load (29.4 per sq. in.). The 
results are given Table and show that throughout this entire period, 
the specimen continued yield gradually under the pressure. This experi- 
ment* interesting and possibly valuable line future research deter- 
mine the limits the loads which clays containing different percentages 
moisture can carry indefinitely without dangerous settlement. 

curves were carried out detail for the clays. The data given Tables 
and are typical. 

will noticed (Figs. 10, 11, and 12) that the stress not linear func- 
tion the compression. The deportment, moreover, such lead one 
believe that the time loading tests must prominent factor. 
Second, the loops the diagrams show the presence pronounced hysteresis 


Undertaken after reading Sir Joseph Larmor’s discussion, Minutes Proceedings, Inst. 
E., Vol. 199 pp. 321-323, Bell’s paper the Pressure Clay.” 
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phenomena. illustrate, the first 
run from zero lb. per in., 
the case Specimen C5, Fig. 11, 
certain amount strain energy put 
into the specimen, this being propor- 
tional the area under the curve. 
going back zero from lb. per sq. 
in., only small part the applied 
energy given back, probably owing 
flow and easement within the struc- 
ture the clay during the intervening 
time. large set 0.0081 in. exists. 
The operations were repeated with several 
applications and reversals. the case 
Cylinder C5, three loops are obtained. 
These loops may compared with 
those for similar curves for sand given 
preceding progress report* the 
Committee. 


Compression Stress Ibs. per square inch. 


® 


JULY 26TH, 1921. 


Specimen cut from solid; Extensometer and Load Applied; Mean Diameter 
Specimen 6.84 in.; Area 36.8 sq. in.; Height in.; 
Surface paraffined and ends capped with plaster Paris. 

Log Tests, Temperature 85° 86° Fahr. 


Time APART, AND READINGS TAKEN TIMES Average 
cumulative 
inches, inches, inches, deformation 


min. 


Proceedings, Am. Soc. E., Vol. XLVI (August, 1920), 937, Fig. 23. 


Fic. 14. 
Load 
applied, 
pounds. 
\ 
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TABLE C3, YELLOW 
Diameter 6.84; Area sq. in.; Height 
Gauge Length in. 

READINGS. 

Load, Total 

0.0285 0.0418 0.0452 
0.0241 0.0418 0.0452 0.0002 
110 0.0248 6.0419 0.0458 0.0005 
147 0.0252 0.0458 0.0007 
221 0.0267 0.0458 0.0017 
147 0.0452 0.0018 
110 0.0268 0.0439 0.0452 .0018 
0.0261 0.0441 0.0451 .0016 
0.0257 0.0441 0.0451 
0.0262 0.0438 0.0452 0.0016 
147 0.0278 0.0452 
221 0.0289 0.0445 0.0454 0.0028 
294 0.0308 0.0460 0.0451 0.0038 
0.0340 0.0481 0.0455 0.0057 
294 0.0340 0.0455 0.0058 
221 0.0840 0.0483 0.0458 0.0057 
147 0.0458 0.0054 
0.0481 0.0458 0.0047 
0.0802 0.0470 0.0458 0.0040 
0.0468 0.0454 0.0040 
147 0.0468 0.0455 0.0046 
221 0.0327 0.0471 0.0049 
204 0.0455 0.0057 
368 0.0858 0.0492 0.0455 0.0067 
868 0.0858 0.0492 0.0455 0.0067 
442 0.0881 0.0510 0.0462 0.0083 
515 0.0408 0.0528 0.0478 
588 0.0440 0.0549 0.0498 0.0127 
662 0.0581 0.0160 
0.0580 0.0541 0.0192 
662 0.0580 0.0611 0.0541 0.0192 
588 0.0611 0.0541 0.0192 
515 0.0580 0.0611 0.0540 0.0192 
0.0520 0.0596 0.0540 0.0184 
294 0.0520 0.0589 0.0181 
221 0.0486 0.0588 0.0540 0.0170 
147 0.0464 0.0579 0.0156 
0.0431 0.0507 0.0129 
0.0428 0.0548 0.0507 0.0126 
147 0.0547 0.0507 0.0129 
221 0.0448 0.0550 0.0507 
294 0.0458 0.0568 0.0507 0.0141 
368 0.0476 0.0579 0.0507 0.0152 
442 0.0498 0.0591 0.0162 
0.0508 0.0600 0.0516 0.0173 
588 0.0521 0.0610 0.0521 0.0182 
662 0.0618 0.0529 0.0198 
736 0.0557 0.0541 
810 0.0580 0.0650 0.0550 
810 0.0580 0.0650 0.0550 
884 0.0618 0.0680 0.0568 

957 0.0688 0.0729 0.0592 
080 0.0900 0.0881 0.0642 
29.4 080 Maximum stress; failure sides buckling outward. 
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TABLE 8.—Compression Test C5, 18TH, 1921. 


2 


Area 46.7 in. 


Circumference Center in.; Gauge Length Height in. 
Taken from under T16. 


Ames READINGS. 


Load, Total 
pounds per Load, compression, 


467 0.0666 0.1059 0.1011 
561 0.0718 0.1180 0.1209 
13.5 630 Maximum stress failure sides buckling outward. 


TABLE 9.—Compression Test 
Test, August 20th, 1921, Taken One Side and Below T20 
Diameter 7.61 in.; Area 45.5 sq. in.; Height 10.5 in.; 
Gauge Length in. 


READINGS. 


Load, Total 


ont 


Max. 


98.5 0.0482 0.0572 0.0601 0.0014 
140 0.0457 0.0617 0.0046 
187 0.0481 0.0674 0.0637 0.0076 
280 0.0521 0.0682 0.0127 
187 0.0521 0.0742 0.0682 0.0127 
140 0.0516 0.0742 0.0681 0.0125 
0.0500 0.0789 0.0681 0.0118 
0.0479 0.0720 0.0670 0.0102 
0.0458 0.0691 0.0658 0.0081 
93.5 0.0460 0.0690 0.0654 0.0080 
187 0.0782 0.0674 0.0116 
280 0.0582 0.0771 0.0700 0.0146 
0.0596 0.0888 0.0794 0.0288 
467 0.0650 0.1020 0.0980 0.0845 
374 0.0646 0.1020 
280 0.0626 0.1020 
187 0.0582 0.1011 0.0819 
93.5 0.0541 0.0979 0.0890 
0.0492 0.0928 0.0881 0.0227 
187 0.0538 0.0932 
280 0.0578 0.0962 0.0887 
374 0.0692 0.0908 0.0812 
0.0891 
0.0688 0.0529 0.0512 
0.0702 0.0591 0.0568 0.0061 
0.0878 0.0822 0.0807 0.0277 
0.1018 0.0992 0.0978 0.0436 
182 0.1479 0.1505 0.1540 0.0949 
182 0.8156 0.8588 
0.2990 0.3068 0.2624 
0.2940 0.8021 0.8450 0.2578 
0.2940 0.8012 0.3450 
182 0.2989 0.3508 0.2614 
846 0.5592 0.5892 0.7088 
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TABLE 10.—Compression Test No. YELLow 26TH, 1921. 
(See Fig. 13.) 
Circumference: Top, in.; Center, in.; Bottom 27} in.; Average 27} in.; 
Diameter 8.67 in.; Area 59.0 sq. in.; Height 14.25 in.; 
Gauge Length in. 


READINGS. 


Load, 
0.0724 0.0693 0.0413 
0.0739 0.0710 0.0419 
118 0.07 0.0726 0.0024 
177 0.0775 0.0442 0.0041 
236 0.0790 0.0770 0.0064 
854 0.0846 0.0520 0.0181 
472 0.0899 0.0930 0.057 0.0192 
590 0.0940 0.0991 0.0638 0.0246 
708 0.0979 0.1051 0.0691 0.0297 
826 0.1021 0.1100 0.0843 
944 0.1068 0.1167 0.0812 0.0406 
052 0.1089 0.1212 0.0441 
180 0.1116 0.1279 0.0912 0.0492 
Max, 298 0.1328 0.0958 0.0527 
APPENDIX 


REPORT WORK BUREAU PUBLIC ROADS 
INVESTIGATION SOILS 


The Bureau Public Roads interested researches connection 
with soils, because the influence soil characteristics the design 
highways and highway structures. During the past decade, wheel loads have 
increased weight, and, the past four years, particularly the spring 
1917, large number road failures occurred which the road surfaces 
were destroyed, either whole or, number localities, due com- 
bination heavy loads and soft sub-grades. 

was demonstrated these failures that soils have widely varying sup- 
porting properties, depending their physical characteristics and the 
amount moisture present, and studies are now being made the laboratory 
the Bureau Public Roads determine the physical 
soils which have influence their bearing value. 

Results tests made samples soil are now being accumulated and, 
after sufficient number have been obtained and analyzed, possible that 
the investigators will be.able describe the soil terms its physical 
characteristics that will possible make use these characteristics 
their control the design highway structures. 

order correlate the laboratory characteristics soils with their field 
behavior, samples have been selected from various roads throughout the 
United States from spots that have failed and from spots that have remained 
intact. The surrounding influences contributory the failure have been 
recorded and the samples subjected the laboratory tests. this way, 
hoped correlate field behavior with physical characteristics. 
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connection with the study rational methods for the design road 
surfaces, some investigation has been made the distribution pressure 
between the sub-grade and the road surface, and contemplated that much 
more complete investigations this character will carried the 
future. will readily become apparent that the design the road surface 
greatly influenced the supporting properties the sub-grade, and for 
this reason important determine not only the bearing value and other 
physical characteristics the sub-grade material, but also important 
determine the distribution pressure through various thicknesses slabs 
the various kinds sub-grades under known concentrated loads. Studies 
this character are being pursued with the use the soil pressure cell. 
contemplated that results these investigations will available during the 
coming year. 

Adsorption test has been developed Dr. Lord, the 
Bureau Public Roads, determine the adsorption properties soils for 
basic aniline dye, measure the plasticity and bearing power sub-grade 
road materials, and carried out material passing the 200-mesh sieve and 
the silt, clay, and ultra clay obtained the mechanical analysis from 
grammes soil. 

The dye solution used this test consists part per 1000 crystal 
violet distilled water, and sufficient quantity should made 
advance assure constant strength for large number tests. 

The test carried out, follows: sample the soil weighing 0.20 
gramme transferred means wide-necked funnel cylindrical 
separatory tube with capacity about cu. containing about cu. em. 
the solution, and there thoroughly stirred with platinum polished 
brass rod until the solution completely decolorized and the coagulated clay 
sinks the bottom the tube. then run into filtering tube closed 
one end with filter paper, and the separatory washed clean with few addi- 
tional drops the solution. This filtering tube should measure about in. 
inside diameter and drawn the lower end for distance in. 
stem having }-in. inside diameter, into which ground-glass stopper tube 
inserted hold the filter paper firmly place and assure even flow the 
dye solution through the material tested and should filled with water 
before the beginning the test. 

The filter tube containing the flocculated clay sample inserted 
25-cu. graduate and allowed drain, when additional dye added and the 
filtration continued until strong coloration appears the liquid immediately 
below the filter paper, when the volume decolorized solution noted the 
graduate. 

The test for silt, clay, and ultra clay carried out the same manner, 
except the case the ultra clay where the quantity material obtained 
usually very small, requiring more dilute dye solution 

The results the tests are recorded cubic centimeters dye adsorbed 
for unit values gramme) the silt, clay, ultra clay, and the sample 
whole, well for the proportional quantities those materials found 
mechanical analysis. 
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WATER-PROOFING AND PROTECTIVE TREATMENT. 
SURFACE FINISH. 


Assoc. Am. Soc. (by letter).t—In several 
places the Tentative Specifications for concrete mentioned the placing 
neat cement the wet surface old concrete bonded with new 
concrete, as, for instance, Section 95. not stated whether the neat 
cement dry thick grout, unless the word, neat, precludes 


mixture with water. has been the writer’s experience that thick neat’ 


cement grout, placed the damp surface the old work with brush, 
better than sprinkling the wetted surface with dry cement, often done. 
The grout evenly mixed and evenly laid with the brush. 

The dry cement the wet surface not properly mixed with the moisture 
this surface and there are parts that never get wet, even after the 
concrete placed. best, not even thickness. 


Assoo. Am. E.—There are only two ways 
specifying water-proofing materials—either trade name properties 
and characteristics. Both the water-proofing industry and the Engineering 
Profession have suffered from the trade name fetish. The idea behind 
that would serve guaranty quality; but does not. Water-proofing 
manufacturers frequently change their materials for economic rather than 
quality reasons; but always their materials carry the same trade name. 

The great advances that have been made during the past ten years, and 
particularly since 1915, the extraction by-products from gas and coke- 
oven tar, have left the pitch entirely different material from that which 
all service records are based; that past performance gives clue future 
efficiency. The net results are that, good obtained, 
past records and trade names must heavily discounted, and entire reliance 
must placed carefully drawn and strictly adhered specifications. 

The science water-proofing production well known; the processes used 
are few and simple, and, least the case asphalt, given the base 
material and knowledge how made, entirely possible pre- 
determine from standard tests how given material will act. 

That there growing necessity for adequate water-proofing specifica- 
tion recognized the American Society for Testing Materials, which has 
had committee—Committee D8—engaged this work for number 
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years. Without desire belittle the importance the work done, nothing 
definite, far the speaker knows, has been accomplished. 

be, material that has such important function perform should 
selected more intelligent basis. Emphasis added this the fact 
that water-proofing has not been standardized like cement and steel. The 
vast volume these materials that were being used, early disclosed the neces- 
sity for standardization. Exhaustive studies have been made various 
scientific bodies with this end view and there have been evolved specifica- 
tions which set standard which such materials must conform 
acceptable. This not true water-proofing, and the manufacturers can 
prevent it, never will true. only question how long American 
engineers will continue buy something merely because some one has 
sell and not because the basic merit possesses. 


Ruert,* Assoc. Am. Soc. results obtained the 
speaker number structures did not seem warrant any such dictum 
that “integral compounds shall not used”. 

Thin concrete sections subject wide temperature variations, vibration, 
impact, will crack, and the water-proofing problem one water-proofing 
cracks. Obviously, the only way effect this result protect the cracks 
with membrane coating enough span them. deep 
foundation and wet excavation, where water-proofing required and where 
conditions preclude the use membrane, would obviously desirable 
use integral water-proofing. Furthermore, being recognized that 
concrete not permanent unless water-proofed. 

any effort render concrete mortar intrinsically water-proof, 
must borne mind that water enters two ways, namely, absorption 
through minute pores and percolation through pores appreciable size. 
Taking cognizance these facts, water-proofing materials seem have been 
produced mainly two theories: (1) water-repellent materials; and (2) water 
absorbent and lubricating materials. The first are designed kill absorption, 
the second eliminate porosity. 

far mortars and stucco are concerned, the first theory seems 
entirely rational, because the mortar consists finely particled materials, 
applied under pressure, and, therefore, there are voids and water enters, 
chiefly, through absorption. 

regards concrete there is, however, room for difference opinion. 
The water-repellent theory assumes that the mortar rendered non- 
absorptive, the concrete water-proof because the coarse aggregate does 
not absorb. The lubricating and water absorbent theory holds that the 
mortar only small part the volume, absorption minor factor and 
that the elimination permeability through the elimination porosity 
the end accomplished. Porosity due largely too much water, too 
little tamping, too vertical chuting, insufficient mixing, segregation mate- 
rial, and insufficient absorption the water the cement. the lubricating 
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element can introduced, the liability defects from superfluous water, 
insufficient tamping, and vertical chuting certainly lessened. absorption 
the water the cement can increased, accompanied slight swelling 
action, the liability porosity from the evaporation unabsorbed water 
lessened. 

possible test laboratory the absorption killing effect mortars, 
but nullification field errors cannot tested until laboratory experiments 
can reproduce the field errors. difficult see, too, what basis 
the result laboratory experiment can considered more convincing than 
results obtained field operations. Most certainly results obtained field 
operations have convinced large number practical users the value 
integral compounds when properly used. 

the speaker’s knowledge, however, really authentic and 
sive laboratory tests have ever been made. Much has been made the tests 
conducted the Bureau Standards 1911 and their generally assumed 
adverse findings. carefully these tests were made, detailed exam- 
ination does not substantiate this assumption. instance, page 64, the 
following statement occurs, referring the results the tests applied 
1:4 sand mortar, after four weeks immersion: “It will observed that 
all the mortars containing compounds were 
And Table shows further that although the untreated specimens failed 
after days, three specimens containing water-repellent compounds were 
sound after, respectively, 110, and 164 days. would also doubt 
surprise many know that the tests did not even include concrete, but were 


made solely mortars. other factor pertaining good concrete 


would considered valid reason from mortar concrete view 
present knowledge, and certainly, was attempted show, not valid 

can longer disputed that the entrance water into concrete 
destructive its permanence, that means must produced exclude it, 
and that the means suitable for one condition may not applicable for 
another. 


Am. Soc. E—The explanation given how the 
water-proofing attained the coating capillaries would great 
scientific interest backed laboratory demonstration. The description 
results work are impressive the practical man unless realizes that 
all the results claimed for integral water-proofing have been duplicated without 
its use, greater expense, careful workmanship and rich mixtures. 

Concrete antiquity, built before the Christian era, and similar 
modern concrete, good state preservation; some cases even with 
the board marks it, the baths Caraculla. The roof the Pantheon, 
still intact, dome concrete spanning 150 ft. There reason 
believe integral water-proofing was used these. scientific demonstration 
could made how the compounds effect their supposed result, would, 
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favorable their use, far help the Profession attain greater 
permanence exposed construction. 

The theory that water penetrates concrete through capillaries similar 
the laboratory capillary tube has not been demonstrated far the speaker 
knows. has searched for them fragments and very thin sections old 
and new concrete under the high-power microscope and found only voids, 
segregation, and cracks. 

The compounds are usually (except the case lime) organic com- 
pounds based compounds and, therefore, natural distrust 
their life and integrity over long term years until sound proof 
produced for it. 

The speaker believes that the Society should not provide for the possibility 
future scientific development its specifications. The case integral 
water-proofing may stated not proven. Other speakers have indicated 
that another cement medicament developing. Undoubtedly, all engineers 
will receive these developments with appreciative attention, and when pioneers 
shall have demonstrated them their special problems, will time enough 
open the specifications provide for their general use non-technical 
workers, builders, and architects. 

The proposals bring about more rapid hydration greater pro- 
portion the cement particles, whether fine grinding otherwise, should 
accepted with caution. The speaker doubtful whether would good 
policy ordinary concrete work completely hydrate the cement. has 
found under the microscope particles cement, 0.005 0.001 in. size, 
that had remained unhydrated work for five years. Those particles were 
ready their work, called on, perhaps through the readjustment 
strain, the stoppage slow penetration water. 

Any such broad development has been suggested, that might take place, 
the matter integral water-proofing, would require probably long time 
determine whether was detriment benefit over the period years 
that one has expect for structures, and that time there would plenty 
opportunity change the specifications that govern its use. 

The speaker was especially struck the suggestion that additional 
material, especially small quantities, has psychological effect the 
workers. That true long the novelty lasts, but concrete workers are 
practical men. The only help that could looked for along these lines 
would the use some kind coloring material. 

bituminous water-proofing, the fabric, paper, fibrous felt which 
used restrain the layers bituminous compound from flow, readily 
susceptible mechanical chemical tests for the purposes view, and 
mey easily standardized for recognized uses. 

The bituminous materials, however, Mr. Gardiner has brought out, are 
constantly changing. brand the user assured the same material 
year after year, except the case some natural deposits great extent 
like Trinidad Lake, because the original new material varies; comes from 
gas-works, petroleum wells, weathered oil storages, and the end inter- 

mediate product various distilling, cracking, oxidizing processes, accord- 
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ing the demand for gasolene, kerosene, benzol, and toluol determines the 
most profitable treatment the raw materials; that certain molecular 
constituent which may very valuable constituent long life for one 
bituminous product, may not found the oil cracked residue from 
well, coal, deposit another part the world, although the two bitu- 
minous products may coincide standard tests. the present state 
the art, beyond the possibilities this Committee cover bituminous 
water-proofing compounds. Only joint committee representing the engineer- 
ing, chemical, oil, asphalt, and water-proofing interests could constructively 
deal with bituminous water-proofing compounds. 


Assoc. Am. Soc. E.—The speaker’s experience has 
proven that there are other methods water-proofing concrete structures 
satisfactory and effective membrane method. case will cited where 
method other than the membrane was used overcome serious condition 
concrete stand-pipe and satisfactory results were obtained. 

The stand-pipe ft. inside diameter the base and 105 ft. high, and 
was built years ago competent engineering and contracting firm. 
The thickness the walls the base in. and the top only in. 
Immediately after the tank was completed, leaks developed through the con- 
struction joints, which were ft. apart, the entire height the tank. The 
water from these cracks ran down the outside the tank and saturated the 
concrete. During cold weather, the water froze, which caused the concrete 
spall off large areas, some which were ft. high, 134 ft. across, and in. 
thick, thereby exposing the steel the tank. Worcester, 
Am. E., was called make thorough examination the tank 
and advise what could done save it. Several methods water-proofing 
the inside the tank were considered and contract was awarded 
firm applying surface treatment under guaranty years the tightness 
the work. Considerable saving money the use this interior surface 
treatment was made over membrane and very large saving compared with 
the cost new steel stand-pipe and the tearing down the old concrete one. 

Had membrane water-proofing method been used extra charge would 
have been necessary for the cutting out the inside large amount 
concrete each the construction joints. The repairs this tank were 
completed 1920 and have given good satisfaction. 

With regard the repairs, surface treatment plus plaster coat treat- 
ment was applied the inside surface the tank. The material used treat 
the inside face was also mixed with the cement which was applied the 
repairs the joints which had pointed up. 

many cases membrane systems are preferable all other systems. There 
are, however, cases which membrane systems cannot used and plaster 
coat surface treatment can used. For instance, where walls are satu- 
rated with water and water seeping running down the face the wall, 
the speaker knows membrane water-proofing company that would under- 
take such job and give guaranty its tightness. does know several 
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surface-treatment and plaster-coat treatment companies that not only will 
undertake the job but will give guaranty its tightness and such companies 
have made good their guaranty. conclusion, therefore, the speaker does 
not believe that consistent for the Society draw specifications that 
will eliminate all other methods water-proofing except the membrane method. 
would the speaker’s recommendation that, before reaching definite 
the Committee should first call firms that manufacture apply 
materials concrete surfaces for water-proofing and treatment against damp- 
ness, furnish all the data for thorough investigation. final conclusion 
the advisability the several methods being used water-proofing mediums, 
the Committee could authorized bring recommendations that certain 
methods could used for certain classes engineering work. 


Am. Soc. E.—The best standard practice 
water-proofing basements and structures under hydrostatic pressure, consists 
water-proof plaster coating. Integral water-proofing more economical 
means water-proofing than plaster coating. Its success must depend 
the reinforcement the structure such manner that will not crack. 

The recommendation oil-proof coating too indefinite and 
value unless chemical compounds are mentioned. For concrete exposed the 
action sea water, nothing said with regard requiring the metal rein- 


forcement galvanized. The speaker believes that this might valuable 
method. 


Am. Soc. E.—This specification does not include 
all methods water-proofing with bituminous materials. The particular 
method the speaker has mind brick laid asphalt mastic used the 
construction the Rapid Transit Subways New York City. Both the 
membrane and the brick asphalt mastic methods are used for water-proofing 
subways, but for water-proofing structures below ground-water sea level, 
brick mastic only used. This type water-proofing has been service 
for more than twenty years under the most trying conditions, without sign 
failure, and the speaker wishes emphasize the fact that method that has 
been successful should not overlooked. 

There have been failures from time time membrane water-proofing 
subway work, not necessarily due defects inherent the membrane 
the materials used, but from causes difficult guard against, generally oils 
solvents, such gas-drip percolating through the soil the membrane. 
However, the brick asphalt mastic has successfully withstood failure when 
applied subway structures built yielding ground, soft ground, structures 
pile foundations, and rock bottom. 


Burton Assoc. Am. Soc. place for integral 
water-proofing concrete construction with reference tank and cellar con- 
struction. The speaker refers the successful use integral method 
the repairs cellar walls and floor the building West Street, New 
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York City, which are considerably below tide-water. this case, the integral 
compound was added the cement mortar plaster coat. The only function 
the compound, far the speaker knows, was cause accelerated set 
the mortar sufficient rapidity enable its application where there was 
slight seepage spots from the walls and floor. Where bad leak occurred, 
the flow was checked caulking with wooden wedges. Under any appreciable 
pressure hardlly expected that this method repair would 
effective. 

There are few large structures that have not been subject cracks 
incipient nature. The statement has been made that integral water-proof- 
been used roof slab, which sufficient reinforcement had been 
placed prevent cracks. This conflicts with the speaker’s experience that 
incipient cracks are likely form and any work magnitude sub- 
jected the range temperature the temperate zone. this lies the 
weakness the integral method; expansion and construction joints are neces- 
sary structures magnitude, bridge work which covers wide field 
concrete construction. Incipient cracks develop and large ones are not 
all amount compound will prevent these cracks. The speaker’s 
knowledge covering the function effect the compound that either 
lubricates the particles the aggregate causes maximum hydration the 
cement, both actions tending increase the density the concrete and 
eliminate permeability. The density the concrete depends largely its 
disposition the forms. small structures and for structures not exposed 
wide changes temperature there seems place for the integral 
method which should also include plaster coatings. 

There are weaknesses membrane water-proofing that should guarded 
against. the lines termination the membrane are not properly sealed, 
they are placed point where the drainage concentrated, there 
danger serious failure. 

Designs often are carried out with seemingly great economy the selection 
sections based actual quantities material and consideration given 
problems drainage and water-proofing until plans are completed. Often, 
these prima facie economies must abandoned for details that will provide 
for the effective placing the water-proofing. The concentration heavy 
column loads building construction water-proofing membrane should 
avoided, due the danger puncturing the membrane. 

These considerations water-proofing, together with the considerations 
that must given the correlated subjects drainage, expansion, and con- 
struction joints, comprise important element concrete construction 
the design the foundations any other structural element. 


Am. Soc. E.—The speaker would like 
know how one can sure that the integral compound when deposited restricts 
its place deposition the interior these alleged pores. does not 
entirely the interior, and hard believe that will, must interpose 
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itself between substances that might better contact. this serious 
matter and what evidence there the point? the comprehensive 
tests demonstrate that not serious. 


seems that the Committee must take into consid- 
eration the definition integral compound. The speaker would say, 
general acceptance, that would fifth ingredient concrete—added 
order give some property that would not possess normally. 


value, but not panacea for all cases. Necessity has produced the inte- 
gral compounds, and cases that would not yield treatment the membrane 
method have been satisfactorily treated this method. 
the design and construction sea-coast fortifications water-proofing 
important essential. For quite number years, the speaker has been 
engaged work this character, and has had favorable opportunity observe 
the action water-proofings various types, including membrane, integral, 
and surface impregnating. 

1905, the speaker conducted laboratory tests integral water-proofing 
compounds and, subsequently, made practical application number such 
compounds. the laboratory tests was shown that with the samples con- 
taining integral compound, the absorption water was reduced about 50% 
the addition small percentage the compound. Similar results were 
obtained with samples tested under pressure several atmospheres. These 
tests seemed warrant further investigation and integral compounds were 
used repair work and new construction. Ordinary seepage well 
leaks under head were stopped successfully the application plaster coats 
containing small percentage compound. 

Satisfactory results were obtained from the use integral compound 
the construction solid concrete wharf built 1908 very exposed place 
the Northeastern coast. One-quarter the area the deck was finished 
with mortar containing integral compound. The finish the remainder 
the deck differed way except that integral compound was used. 
After thirteen years the part containing the integral compound shows the 
original section and practically good ever. The remainder the deck 
had resurfaced number years ago. 

The speaker’s experience this and many other cases indicates that inte- 
gral compounds are effective water-proofing agents. has been claimed 
some that other conditions were responsible for the results obtained. The 
uniformity the results where integral compounds were used, and the absence 
similar results where they were not, would lead different conclusion. 
However, looking the matter from the other angle, would wise 
discard ingredient which exercises potent influence materials and 
workmanship that dense water-proof concrete obtained when 

has been stated that integral compound which effects reduction 
tensile strength should not used. This not essential feature for 
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general application. There are problems water-proofing, which can solved 
mixture relatively weak tensile strength, provided there pro- 
gressive deterioration that strength. 

seems apparent that the state the art water-proofing and making 
dense concrete such that unwise this time include standard 
specification any clause that would definitely fix the design and limit further 
development. 


Am. Soc. speaker has used both inte- 
gral and membrane water-proofing practice with success. others have 
pointed out, there are conditions under which membrane water-proofing 
difficult apply and much more costly than some other method. 

The speaker prefers use the membrane method, except where the expense 
additional space required makes much less practicable; but where the 
integral method seems especially well adapted the work, wishes 
use it, unless there are good reasons for condemning it. contains such 
elements danger that can never used with safety, let all means 
know it; but let also know the facts which that opinion based. 

whether specification for concrete and reinforced concrete should 
contain section water-proofing, seems the speaker that the subject 
integral water-proofing cannot avoided. Since integral part 
the concrete, the proper proportions and correct methods use should laid 
down specification for concrete unless should forbidden. 

The case membrane water-proofing seems somewhat different, since 
its use does not affect the composition the concrete the design the 
reinforcing. standard and accepted specification for membrane water- 
proofing would valuable, but complicated subject and much 
practical use, specification covering should thorough and complete 
as, for instance, the sections this specification dealing with materials 
reinforcement. 


that nine out ten integral compounds 
are distinct value, that some have too little merit warrant considera- 
tion, that others have properties detrimental nature them, the fact 
that can proven installations that there are materials that bring 
about valuable improvements, and the fact that there are possibilities 
still greater development such materials reputable manufacturers, 
should preclude any action the part the American Engineering Pro- 
fession make this development impossible excluding such materials 
whole. 

Many contractors can present testimony the effect that certain piece 
work constructed according correct and careful supervision would prove 
partly defective whereas similar piece work which compound 
merit had been added the concrete, was greatly improved that one 
could induce them construct future work without the aid that particular 
integral compound which experience has shown great value. 


Cons. Engr., New York City. 
Malmed Co., Philadelphia, Pa. 


1 


Papers. DISCUSSION CONCRETE SPECIFICATIONS 591 


reputable practical contractor assumes that there something wrong 
with Portland cement because other ingredients are added improve the 
work, nor can the least proven that the purchase such materials 
decrease the sale use Portland cement. fact, the speaker can show 
many cases and prove that the use certain integral compounds made 
possible for cement used where other construction materials were first 
contemplated. 

The Joint Committee can render distinct service the general industry 
taking one the two following courses. The first request from every 
manufacturer integral compounds and other concrete specialties sworn 
statement the composition their products. These are submitted 
reputable laboratories, and any ingredients are discovered that are known 
have detrimental effect concrete, excess any particular 
element harmful, any ingredient impure, such findings shall 
printed the regular journals the various Societies represented the 
Joint Committee, for the benefit their members and the general industry. 
With such cautions public record, the merit any material shall then 
left the discretion the architect, engineer, contractor. 

The second and more constructive course send communication 
every concrete specialty manufacturer America substantially follows: 


“Due the fact that considerable confusion exists among architects, 
engineers, and contractors the value integral compounds added 
concrete for various improvements, and also due the fact that many such 
compounds are not only useless, but harmful well—at the same time 
recognizing that there are existence some compounds value—we are 
wondering whether the reputable manufacturers the ‘country would 
willing co-operate with the Joint Committee helping clear the 
situation. 

“As most these compounds consist various compositions easily 
obtained the open market, there exists simple method analyze and 
test such compounds prove either the value detriment such materials 
when used concrete. has been suggested that the Joint Committee 
bring into existence impartial and competent staff laboratory experts 
examine, analyze, and test each compound and report open meetings 
the result such investigations. 

“We assume that reputable manufacturer who believes the merit 
his product, who can prove that his product manufactured 
cause detrimental effect concrete, who does not charge excessive prices 
for easily compounded and common products, and who can point existing 
structures which have been improved his product, should fear such 
investigation. 

“The Joint Committee, after such investigation the laboratory, would 
print its findings for the benefit its members for any architect, engineer, 
and contractor. list all manufacturers willing enter this investigation 
would issued with brand names each product mentioned and report 
the composition same, its known value, its limitation, and, found so, 
its detrimental effect concrete. 

“The automatic elimination harmful products will naturally act 
the benefit those manufacturers meritorious materials, but the only 
purpose the Joint Committee protect the general industry from such 
harmful materials. 
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you therefore willing submit your various building specialties 
for investigation and would you consider sharing the expense pro rata 
such investigation 

Assoc. Am. Soc. competent engineers and 
contractors feel that they secure desirable results the use integral com- 
pounds, and does not seem that standard specification should close the 
door against what may improvement the art. The use plaster 
water-proofing should allowed. 

oil plants steam sometimes blown into barrels, etc., make the oil 
more fluid. such steam after picking acids from certain oils then 
brought contact with the concrete the ceiling the room, the dis- 
integration will rapid. 

good wearing surface can obtained the addition mixture 
dry cement and sand. This method has been specified for some years 
several the leading American industrial companies for buildings erected 
for their own use. not desirable that this economical method spe- 
cifically prohibited, might inferred reading Sections and 94. 

The time for placing wearing surfaces should not limited hour 
after the base course placed, because most cases the time can much 
more than hour without damage the work. 

The speaker has had little success securing satisfactory finish with 
the sand-blast. This method should not included unless has been known 
give satisfactory results and, included, the specification should give 
the conditions under which can used with success. 


Am. Soo. E.—The speaker would like see 
the Committee adopt specifications for the integral method, for the plaster-coat 
method, and for the membrane method. All three have been used his prac- 
tice, generally with success. each instance where there was not success, 
due some error the workmanship. one instance where the integral 
method was adopted, due faulty workmanship the concrete was porous. 
engineer can write beautiful specification, but great deal depends the 
workmanship. 

The speaker notes that mention made acid proofing. building 
designed and supervised his company about dozen years ago, the 
owner recently called attention some disintegration that had taken place 
inside. was found that the concrete, places the bottom beams and 
girders, was loosening, and some had fallen off, and that the steel was rusting. 
There was acid proofing the top the floor, but there was none the 
under side. The acid fumes were active that the water piping the room 
had removed every two three years. There were cracks running along 
the bottom the beams, parallel and under the rods. the steel bars 
there was film rust which caused expansion and pushed out the concrete. 
Information toward preventing repetition that will helpful. 
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Harrisson,* Assoc. Am. Soo. E.—Conditions are met where 
dampness wet walls practically prohibit the use membrane water- 
proofing and where the covering with some rich plaster coat other form 
coating has proven not only cheaper than membrane, but satisfactory, and 
practically the only solution the problem. 

experience the construction reservoir may interest. Inte- 
gral compound was ordered for the work, but the man the mixer became 
generous with the proportioning, with the result that the supply was exhausted 
when the work was about half poured. was considered advisable con- 
tinue without using the compound rather than interrupt the work. Extra 
care was used placing the remaining concrete, and the final results showed 
where the compound was added the mixture. Both 
pieces work were subjected the same pressure conditions. The cost 
additional compound was saved. 


compounds shall not used”; and the next paragraph stated, 
“membrane water-proofing shall used”. 

The speaker has made many tests concrete various densities and 
various mixtures, both with compounds and without them, and feels that there 
are certain instances where integral compound can used advantage. 
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DEPOSITING CONCRETE. FORMS. DETAILS CONSTRUCTION. 


Morris,* Am. Soc. E.—The speaker has written into the 
specifications for the Stadium the Ohio State University, that spouting 
directly into the forms will not permitted, and does not believe that 
concrete any consistency can run through spout and not separate 
some extent. The concrete used the Stadium dry can made 
and still worked around the reinforcing, and yet with concrete that, con- 
sistency, after run through 45-ft. spout the gravel will separated from 
the mortar some extent. For that reason, the contractors are compelled 
spout into boxes hoppers, and then deposit the forms. 

the concrete being placed. 

Section 77, stated that the joint should given heavy coating 
neat cement. not clear whether dry cement grout meant. The 
speaker has had experience with both, and finds that heavy coating neat 
cement grout gives better results than dry cement. The specification should 
made clear this point. 

The speaker thinks that would well the specification for the grout 
the bonding Section was the same the other Sections with regard 
water-tight joint. There should grout the surface before any concrete 
deposited the hardened surface. regard the last paragraph, Section 
58, about re-shoring, the speaker does not think that the re-shoring 
beam the same pressures can obtained that were originally the forms. 
never allows the forms disturbed under beam until the concrete 
has sufficiently hardened that the beam will carry its load without re-shoring. 

might interest know the type expansion joint that being 
used the Ohio Stadium. 1921, the speaker visited all the large stadia 
the United States, and all the large ball park grand-stands, and other 
structures that nature, order study particularly the question expan- 
sion joints. Although may not necessary 200-ft. building use 
expansion joints, few structures, anywhere, were seen over 200 ft. length 
that did not have cracks them due contraction; and was due this 
investigation, that determined the use expansion joint every ft. 
The structure divided into units ft. long, and those units are entirely 
separated. The columns are twin columns the expansion joints. The ex- 
pansion joint filled with pre-moulded joint filler, and under that 
U-shaped lead joint which cast into the concrete both sides the joint, 
make water-tight, the asphalt being merely filler. 
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The expense may not warranted, but was felt that the building 
the structure without adequate provision for expansion was not justified, 
because was expected utilize the space under the benches for dressing- 
rooms, hand-ball courts, and winter quarters for the track teams. 


Section 37, that spouts have slope one vertical two horizontal should 
qualified. The speaker believes that gravel concrete consistency dry 
safe use reinforced concrete buildings, can placed with chutes, 
now built, having slope one vertical three horizontal. 

Section Section should changed provide that the concrete 
shall kept thoroughly wetted, when practicable. would difficult 
keep wet, certain parts the concrete building. yet, experiments 
the strength concrete cut from buildings have been had show that 
the concrete the columns, etc., does not gain strength satisfactory 
manner, under the conditions that exist building during construction. 
Nothing should done this specification increase the cost build- 
ing without first having proof that the increased cost made necessary 
actual requirement obtain good work. 

Section which small percentage calcium chloride 
added shows considerable gain strength, even frozen immediately 
after being mixed. Similar concrete, without calcium chloride, frozen im- 
mediately after mixing, will, when thawed out, return the mushy condition 
had when first mixed. 

Calcium chloride would considerable value when reinforced concrete 
work under winter conditions, was not for the fact that the 
Bureau Standards some preliminary experiments has found indications 
tendency for the steel reinforcement rust. There also the possibility that 
the presence the calcium chloride may lead injury through electrolytic 
action. The advantages gained the use calcium chloride are suf- 
ficient that hoped that some competent laboratory will undertake 
thorough investigation the results its use. While waiting for further 
information the action chloride reinforced. concrete, there 
would not seem any good reason for prohibiting its use concrete that does 
not contain reinforcing rods. 

Section 54.—There should objection the use wire ties, provided 
the wire kept back cut back in. from the exterior face the concrete, 
prevent corrosion. some work, the use wire instead bolts 
advantageous. 

Section 67.—As quartz has expansion, under heat than 
limestone trap, Section 67, now written, will require that, when quartz 
gravel concrete used, the amount fire-proofing must increased in., 
and, also, metal mesh, not exceeding in. greatest dimension, will have 
placed in. from finished surfaces. 

This provision will have marked effect the cost construction New 
York City, Buffalo, Y., and other large cities where quartz gravel the 
most economical source supply. 
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The fire tests the columns Pittsburgh, Pa., showed that quartz concrete 
gave the poorest results when was used columns containing spiral rein- 
forcement. such spirally reinforced columns, the quartz started peel off 
about hour, whereas quartz concrete columns that had spiral reinforce- 
ment, stood the heat much better. the spiral columns, the spiral reinforce- 
ment seemed create plane weakness that when the quartz concrete 
became hot, peeled off the face the spiral. 

This section, written, would require, building where quartz gravel 
was used, that all fire-proofing made in. thicker, with also the addition 
the wire mesh. This would not only required for the spiral column, but 
also for the walls and ceilings. 

The quartz concrete spiral columns will much more seriously affected 
fire than other parts the structure. Therefore, does not seem necessary 
specify the same treatment for fire walls which contain little reinforcement 
and are large flat surfaces that will much less damaged fire than the 
spiral column with its network making plane weakness. 

The desirability penalizing the use quartz gravel concrete must 
also considered from economic standpoint. Section remains 
written, every reinforced concrete building New York City, Buffalo, 
and many other places, will increased cost and the increase 
the cost must balanced against the greater fire loss that may result quartz 
concrete used the comparatively few buildings that are subjected 
serious fires. 

also necessary keep mind that those who build will use what they 
think the cheapest construction suitable for the purpose and, therefore, 
the use concrete made too expensive, many will turn the use timber 
some form semi-fire-proof construction. may be, therefore, that the 
practical prohibition quartz gravel concrete will lead increase the 
use less desirable forms construction. 

Before penalizing quartz concrete severely, most careful study should 
made the results obtained with for columns and for flat surfaces, 
compared with other forms fire-proofing that are now use. 

Section Chapter where the term, “Capital”, defined, stated 
that the capital built monolithic with both the floor and the column. 
should not necessary concrete the column and the floor the same day. 

Section speaker has not obtained good results with petrolatum 
preventing new concrete from bonding old concrete. Cold-water paint 
cheap oil paint will cause absolute separation. 

Section 75.—A properly constructed expansion joint both expensive and 
undesirable from operating standpoint. The speaker believes that buildings 
300 ft. long, longer, can built without expansion joints and without 
danger injury, unless the section the building, some point near its 
middle, much reduced openings. The spacing expansion joints depends 
much the details design that seems undesirable place arbitrary 
limit standard specification. 

Section 77.—Unless required because some assumption made design, 
the speaker prefers let the crack occur the straight line the joint 


F 
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the floor and then close the crack with minwax other semi-elastic filler. 
Attempts bond the two surfaces will sometimes lead the formation 
irregular crack. 


Section has been suggested, and furtherance this suggestion the 
speaker wishes state that number cases which have come his notice, 
this type joint did not prove entirely satisfactory. 

one case, where joint had been made similar that indicated Sec- 
tion 77, was considered advisable reconstruct it, which was done fol- 
lows: The surface the first section concrete was provided with con- 
tinuous V-keyways. fabric was applied the surface the concrete 
first placed; rope spun oakum was placed the apex the V-keyway 
and the next section concrete was placed. The spun oakum expanding 
caulked this joint, making water-tight. This type joint, both with and 
without the asphalt fabric, has been used projects under the speaker’s di- 
rection since then, with satisfactory results. 


naturally interested matters pertaining its standardization, and pre- 
sumably will supposed use the standard specifications being prepared 
the Committee. The speaker’s criticisms and suggestions, will relate 
points that have been the cause trouble the every-day work the 
architect. They relate mainly wording and subjects which more 
specific requirements would desirable. 

Architects are trying -eliminate the expressions “as approved the 
architect” and “or other approved method”. fact, the tendency toward 
the elimination the word, “approved”. has been and the cause 
much trouble and misunderstanding. misleading, and the bidder 
justified calculating any material method that has reasonable 
grounds for assuming would approved. 

The expressions, “approved the engineer” and “other approved method”, 
are frequent occurrence the Tentative Specifications. Their elimination, 
wherever possible, would materially improve the usefulness and value the 
finished document. 

There are other clauses that appear indefinite somewhat differ- 
ent way. For example, Section 40, stated that “exposed surfaces 
concrete subjected premature drying shall kept thoroughly wetted for 
period least days.” The question might naturally arise whether 
not some particular exposed surface was subjected premature drying. 
experienced concrete engineer, the clause written may appear 
sufficiently definite. would unwise, however, assume that the aver- 
age architect using the specification the average contractor 
the work, was trained concrete engineer. Many the larger offices have 
trained engineers their organizations, but probable that 90% the 
architects’ offices not. not practical make all such clauses more 
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specific, foot-note descriptive recognized good practice 
material aid the average architect interpreting the requirement. 

There are other clauses the Tentative Specifications that are definite, 
but that, their present form, and without explanatory notes, would re- 
garded with suspicion. Some them are variance with common practices; 
for exampie, the requirement that “salt, chemicals, and other foreign materials 
shall not used prevent freezing”. There are number manufacturers 
who advocate the use their products prevent freezing. Some their 
claims appear plausible, least, one who not expert the 
subject. 

The architect needs the data that the Committee presumably had, order 
refute the claims. The inclusion the finished specification results 
tests and investigations, supporting the stand taken the Committee 
changes present common practice, will materially aid bringing about 
general adoption and use the standard. 

Section states, “lumber used forms shall free from loose 
knots other defects.” What are other All lumber has some de- 
fects. what commercial grade lumber would bidder estimate? 

Section states, “sufficiently tight prevent leakage mortar”. 
commercially practical enforce this requirement 

Section states, “Wire ties will permitted only light and unim- 
portant work.” little light what light work would illuminating. 

Section states, “special care shall used prevent bulging”. 
not meant, that forms shall not bulge? long they not bulge does 
one care whether not special care was used? spite special care, the 
forms might bulge. 

Section states, “the inside forms shall coated with non-staining 
mineral oil, other approved material”. Most architects would have 
insist mineral oil approve something they did not know anything about. 
What are some the other materials that should approve? 

Section states, “Forms shall not disturbed until the concrete has 
adequately hardened, ete. foot-note states “many conditions 
affect the hardening concrete and the proper time for the removal the 
forms should determined competent and responsible person”. This 
undoubtedly true, but suppose the contractor’s competent and responsible 
person and the architect’s competent and responsible person not agree. 
Competent and responsible persons are not always available for small work. 
More specific information either the specification proper, the foot- 
note, would serve most useful purpose. 

These few points are illustrative some the ways which the architects 
may able co-operate with engineers. They are users concrete and are 
responsible their clients for the design the concrete work their 
buildings. They are, therefore, interested the specifications and the 
Structural Service Committee the American Institute Architects, can 


any assistance, hoped that the Committee will enlist its active 
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Am. Soc. E.—In connection with the 
matter the depositing concrete freezing weather, where the mass 
large, the speaker would like suggest, for the consideration the Com- 
mittee, that try devise some such statement this, that the concrete 
deposited shall have temperature such that the concrete place will 
not reach the freezing temperature the surface, whatever may best, 
within definite time, such hours, such time will provide for the 
concrete set thoroughly. known that after the concrete has set, 
freezes and remains frozen, hardening will even the colder temperature, 
although slow rate and the concrete will not injured. The protection 
from lowering temperature given the forms, any other protection 
that may provided, should taken into consideration determining when 
freezing will occur. seems necessary require that the atmospheric tem- 
perature shall 40° 50° Fahr., some other temperature. The result 
can told thermometer. can also readily forecast the use 
diagrams and tables which have been prepared,t based the properties 
fresh concrete, that reference table diagram and little calcula- 
tion, one can tell what the temperature given mass concrete would 
have order not reach given temperature within 12, 24, 
hours, the air reaches specified temperature. 


Epwarp Am. Soo. speaker thinks the subjects, 
chuting concrete, and the consistency concrete, should not separated, 
although they are different parts the specifications, one cannot con- 
sider one without considering the other. The specifications require 2-in. 
slump mass concrete. This stiff which cannot deposited 
through chutes the ordinary way. The speaker has seen concrete deposited 
makes dense, cheap concrete, that practicable place quickly 
and economically. Stiff concrete may have more compressive strength, but 
compressive strength not very essential mass concrete. 


Am. Soc. E.—At one time, the speaker took 
for granted that chuting was perfectly acceptable method placing con- 
present, frankly doubtful the advisability applying that 
method certain cases. 

far his own work concerned, would not hesitate continue 
the use spouting chuting where the concrete made rich, that is, 
with relatively high proportion cement aggregate, and where the larger 
aggregate relatively small. Therefore, has doubt that entirely 
proper use chuting ordinary building construction. His doubt con- 
fined rather those cases where the aggregate large size and where the. 
concrete relatively lean cement—to cases where the quantity con- 
crete, and, therefore, the expense the work, great that not eco- 
nomically feasible use cement the proportions that are used building 

Bulletin 128, Univ. Illinois Engineering Experiment Station, Studies, etc. 
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construction. Cases disintegration concrete are known where consid- 
eration the evidence does not clearly eliminate the method chuting 
being least contributory cause. 

Section contains specification govern spouting chuting. the 
second last sentence, there appears the provision that “the delivery from the 
spout shall close possible the point deposit.” This concerns one 
the doubtful features the method, involving, does, the matter 
segregation—the separation large aggregate from mortar and even fine 
aggregate from the cement. 

Section states: “Forms shall not disturbed until the concrete has 
adequately hardened, nor shall the permanent shores removed until the 
structure has attained its full design strength.” The speaker doubtful 
whether essential that shores retained until that degree strength 
has been attained. there not some doubt the time when the concrete 
has attained its full design strength? This specification would seem require 
further definition clarification. one predicates the determination 
that time the result test specimens, one certainly does not obtain the 
same result that would obtained direct test the beam slab 
point. Moreover, from the foot-note* there indication that there some 
doubt about this matter. there stated that decision should made 
competent and responsible” person. general, the speaker believes that, 
between the contractor and the engineer, where the job can support engineer 
competent assume responsibility, the engineer should take the respon- 
sibility. Thus, the present instance, seems that the engineer should 
accept the responsibility, least the extent setting the minimum time 
limit days for the removal shores. There are other cases throughout the 
specifications where the Committee might well consider whether responsibility 
should not placed the engineer charge. 


which stated that “structures exceeding 200 length shall 
divided means expansion joints,” believed that will found 
that the great majority reinforced concrete buildings 300 ft. length 
have expansion joints. expansion joint troublesome and expensive, 
and the Committee would make careful canvass buildings, say, about 
300 ft. length, believed that practically cases would found where 
expansion joints were used and that there would few any cases that 
showed evidence serious deterioration due temperature expansion and 
contraction. The amount steel modern industrial buildings, where the 
floor loadings are usually heavier than buildings intended for other pur- 
poses, seems entirely adequate care for temperature stresses within 
the usual range temperature. The buildings are heated, and the range 
temperature not great the case retaining wall. thought 
that maximum length ft. between expansion joints, the case 
retaining walls, sound requirement. view the expense and trouble 
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involved providing expansion joints buildings, the speaker thinks the 
matter should receive careful consideration before maximum length between 
expansion joints prescribed. 


Burton Assoc. Am. Soc. could said that the 
specifications not far enough recommending preference bolts and 
rods over wire ties form construction. Improved workmanship would 
result with the discontinuance the practice using wire ties twisted 
hand. The result poor form alignment and finished wavy 
surface the concrete. 

The speaker the opinion that spouting should controlled 
clause the specifications requiring delivery concrete spout 
auxiliary hopper platform from which distributed uniformly 
all parts the forms. Where the form covers wide area, the tendency 
discharge the concrete from single point and depend the concrete 
flow all parts the form, which results wet mixture and the separation 
fine and coarse aggregate. With the present practice recommending 
comparatively dry mix, vast improvements the flexibility moving the 
discharge from the spout are necessary before would safe disregard 
precaution the suggestion auxiliary hopper platform. 


specification for the protection concrete against freezing building con- 
struction, but rather broad for- general application all classes concrete 
work. There are two points that the specification seems fail consider, 
and that, the speaker’s opinion, might amplified. The first that, 
inference least, the specification assumes that concrete any class may 
poured any location during freezing weather. The second that the 
specification assumes the same method protection for thin sections for 
mass concrete. Would not clarify the specification recognize the 
outset that three general conditions exist: (1) conditions which forbid the 
placing concrete freezing weather; (2) conditions where protection 
means insulation are adequate; and conditions where both protection 
and artificial heat are necessary 

all cases, the concrete should heated before being placed. The use 
hot water for this purpose has been suggested, and, this, the speaker 
concurs, particularly with mass concrete. Under proper conditions, hot water 
seems accelerate the setting the cement extent that the heat, 
generated the setting action, brought into play before the initial heat 
the concrete has radiated. This seems accelerated set, rather than 
flash set, and far the speaker’s experience goes, has not affected the 
strength the concrete. The heating the aggregates alone does not seem 
produce marked effect. 

During the construction that part the New York Rapid Transit 
System, known the Queens Boulevard Concrete Viaduct, the speaker made 
some crude investigations this phenomenon. Concrete with average 
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thickness ft., was being placed the arches units approximately 
200 yd. There was protection artificial heat, but the concrete was 
covered with canvas and straw. Concrete temperature 45° Fahr., was 
placed the afternoon. The air temperatures varied from 36° 40°, falling 
well below freezing during the night. Self-registering maximum and mini- 
mum thermometers were placed metal tubes which passed through the 
center the mass. The following morning the thermometers were removed 
and read. 

Five six these experiments were carried out and, all instances, 
marked temperature rise took place. case, was temperature recorded 
below that which the concrete was placed, which indicates that the rise 
was steady. The maximum temperature recorded was 98°, and the average 
rise was about 30°; all cases, the rise occurred within hours after 
the concrete had been placed. 

that the foregoing proof that surface freezing will 
not take place, indeed, such possibility was kept constantly mind the 
work referred to, but most probable that such freezing did take place, 
would quite shallow and would not affect the strength the mass 
whole. 

The speaker’s criticism the specification not what contains, but 
what has been omitted. There are certain conditions under which concrete 
should not placed freezing weather. The proposed highway specifications 
forbid placing concrete below certain temperature. not advisable 
recognize fairly the widely differing conditions between adequate protection 
thin section concrete and mass concrete, and cannot this accomplished 
without greatly amplifying the specification departing from the broad scope 
which intended cover? 


Manton are number things connected with 
Philadelphia buildings that are interest, pertaining the wear and tear 
building material, and one these bears the protection steel 
concrete, especially those parts exposed the weather. building Phila- 
delphia which was designed engineering firm National reputation 
practically going pieces the outside. 

This condition has reached such stage that the owners are seeking for 
method remedy this disintegration, and protect, especially, the outside 
face the columns. The building large one and was erected almost 
continuously, relays hours. The outside columns are rectangular 
shape, and contain two spirals, with theoretical protection in. all 
sides, which protection accord with the Philadelphia law. number 
these columns are spalling, because the rings the spiral have been pushed 
the outside surface that, many cases, only in. protection left. 
These spirals were supposed have been held securely place. 

This specification requires that walls and slabs protected with only in. 
and less for outdoor structures. Theoretically, in. may sufficient, but when 
concrete poured, hydraulic surge created toward the outside face 
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the forms, and the steel likely displaced about in. There should 
difference the degree protection between the outside faces columns 
and spandrel beams exposed frost, rain, and sun, and the inside faces which 
are occasionally exposed fire. would better sacrifice some the 
inside protection and make the outside fire-proofing greater depth, 
good measure, both for safety well for the future life the building. 


Am. Soc. building, 1200 ft. long, would 
tend shorten about in. during the normal hardening the concrete. 

number things resist this shortening, such the embedded steel 
which acts the longitudinal steel column, and the anchorage the 
building the ground which effectively restrains the lower portion. However, 
building ft. long, such shortening might result cracks that would 
considerable damage. certain instance that has come the speaker’s 
attention, measurements were made building about 200 ft. long which, 
the top, showed shortening in. and, the ground level, movement 
all. the contraction that causes most the cracking observed build- 
ings, and these cracks that the joints are designed eliminate. 

The speaker prefers use the term, “contraction joints”, aid when 
considering the proper number and arrangement for particular case. 
inclined agree that great many cases cracks may less objectionable 
than the joints, but designer desires eliminate all cracks must provide 
joints closer than called for the specifications, and must carefully 
arrange their position the other features the design. 

The question whether 200 300 ft. should adopted the specification 
seems largely matter opinion. The Committee was not entirely 
accord the 200 ft. 


Am. E.—This specification requires for chutes 
use, was placed with chutes angle The standard 
which the art judged, capable much improvement, but, nevertheless, 
practicable, workable buildings are being produced. 

With regard the prohibition the use salt chemicals 
anti-freezing mixture, with suitable provision their use, there are 
number cases which considerable money can saved, and equally good 
buildings produced. the case this Section, number restricting 
clauses, which, properly applied, will allow the use approved materials, 
and will not prohibit all the development that may occur this line. 

Not long ago decision had made whether omit expansion 
joints building 200 ft. long. caused great deal worry whether 
the architect’s instructions should accepted without protest. 
investigation, case was found where two buildings the same 
materials, had been constructed side side, one which was provided with 
expansion joints. Both buildings cracked, and the one that had expansion 
joints did not crack those joints. Apparently, they were both well built. 
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Another building similar length, now two years old, has not shown single 
crack. The owner preferred take chance what was more dis- 
figurement the building than actual weakening the strength, rather 
than truck over the openings that necessarily occur expansion joints. 
This contributed matter experience that has come within personal 
observation. The speaker believes, however, would desirable for the 
Committee recommend the maximum length between expansion joints, 
which length should not over 300 ft. 


detail construction that received much consideration the hands the 
Committee the question expansion joints. Buildings with sections 
1400 ft. exist without expansion joints and without serious distress, all 
appearance. Other buildings and other structures, as, for instance, retaining 
walls satisfactory foundations, where they are subject considerable 
change temperature, have cracked lengths ft. 

canvass was made building practice and building experience and the 
consensus opinion from that canvass seemed that 200 ft. was the 
average length building that would give satisfaction from the standpoint 
spacing expansion joints. 


Am. Soc. E.—Construction men have shown desire 
relieved from the requirement that forms left place arbitrary 
period. They know that under favorable weather conditions forms may 
removed much sooner after pouring than when the weather cold. They can 
tell the “ring” the beams when struck with hammer that the concrete 
has hardened normally. Some will take the responsibility early removal. 

not practical make study conditions and data hand, 
well make some tests, with view changing this requirement the time 
removal the forms will depend upon aggregate temperature (the area 
time-temperature curve after pouring), similar quantity based humidity, 
consistency the concrete, and the minimum temperature since pouring? 
This information available the reports the Weather Bureau. 

offered suggestion that simple practical specification, involving 
the constants the concrete itself and the data from the weather report, may 
written that will remove the responsibility from the construction superin- 
tendent who wishes take advantage favorable weather and will also serve 
check his removal forms too early cases unfavorable conditions. 
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DESIGN. 


Am. Soc. E—A number engineers New York 
City, who are constructing reinforced concrete work, were interested the 
practical application the Tentative Specifications. committee five 
engineers was selected, who are ordinarily engaged the commercial design- 
ing concrete structures. They were instructed estimate the cost 
typical building under different conditions loads and stresses and concrete 
strengths under the proposed new specifications and the New York Code. This 
hypothetical building calculated for both flat slab and beam and girder 
construction, using live loads 75, 150, 300, and 600 lb. per sq. ft. The building 
was 300 ft., six stories height, basement, the first floor being the 
ground; the roof load was lb. per sq. ft., live load, and the weight the 
roof and cinders was lb. per sq. ft. Arbitrarily fixed material prices were 
used and, most cases, two independent checks were obtained each 
result for the flat slab building. The summary the results shown 
Table 


TABLE 


PERCENTAGE CosT, TENTATIVE 
SPECIFICATIONS, BASED CosT 


pounds New York Code: 
building. foot. Design strength concrete, pounds. 

100 116. 109 104.5 

620 108 115.5 109 107 

Flat 150 928 100 111 111 
slab 065 108 109 110.5 
design 690 104 112.5 109.5 107.5 

300 101 205 100 108 111 

600 146 223 100 113.6 109 

$66 067 100 110 104 102 
255 102 101 102 105.5 

Beam 150 665 100 105 101 100 

and girder 130 100.5 108 

design 104, 103.2 107.5 

100 700 100 104 100 101 
99.4 103.8 


600 156 100 


appears that New York City flat slab building would cost about 
11% more built under the proposed specifications instead the Standard 
Code. 
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beam and girder construction the difference would not great 
shown. 

considering this matter, must remembered that such buildings 
are usually taken competition and only limited time allowed for 
calculations. order conservative one would necessarily take the 
strength allowed the tables and the slump, which known good 
practice. Therefore, believed that the tabulation presents close 
approximation what the cost would under this specification. 

obtain the 2000-lb. strength concrete, the cost the cement, 
under the New York Code $3.35; for the concrete, 
under the proposed code, the cost cement was calculated follows: 


Am. Soc. E—The recommendations which the 
Joint Committee has prepared, covering the design reinforced concrete 
columns, are, perhaps, quite departure from current methods designing 
columns and, therefore, the discussion should properly prefaced with brief 
outline the important features that led those conclusions. 

The Committee endeavored consider all the test data bearing the 
question columns and attempt logical analysis the stresses 
column under working loads. All previous formulas are based considera- 
tion the ultimate load, the factors for the various elements—core area, 
vertical steel, and the spiral reinforcement—being based the carrying 
capacities found from ultimate load tests. 

There nothing all the published data available indicate that, under 
working conditions, the spirals actually add the carrying capacity 
columns. The acceptance this fact one the three principal features 
which the proposed specification current practice: First, the 
provisions ignore the spiral direct carrying element under working condi- 
tions; second, that makes allowance for the initial compression the longi- 
tudinal reinforcement due the shrinkage the concrete during the period 
setting; and, third, the recognition the continued deformation which 
takes place concrete under load. This property concrete which has been 
referred some plasticity, but which the speaker prefers call yield, 
very important when the combination the longitudinal steel and the 
concrete considered. 

The Committee examined carefully all the test data available and arrived 
formula which, effect, takes into account both the initial shrinkage 
stress the longitudinal reinforcement and the further increase due the 
yield factor, although its face the formula does not indicate that this 
the case. 

The studies leading these provisions were carried out the speaker and 
presented paper before the American Concrete Institute February, 1921. 
The formula arrived that paper shows the safe working load column 
function the ratio longitudinal steel and the permissible stress limit. 
For the recommendation: the Committee limiting stress Ib. per 
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sq. in. was adopted and formula derived which gave approximately the same 
working load, but which the form the previous Joint Committee 
formula. This was accomplished varying the allowable concrete stress with 
the longitudinal steel ratio. 

will seen from little study that the greater the steel ratio, the less 
the initial shrinkage stress and, therefore, the greater the margin between initial 
stress and the limit fixed for safe design. Because this, possible 
achieve the desired result with the old formula allowing higher unit stress 
the concrete for higher longitudinal steel ratios, done the proposed 
formula. The agreement between the proposed formula and that derived 
the paper referred to, not exact, but entirely within the limits 
accuracy warranted the data available. 

Following out logically the theory which the column formula based, 
higher value would permitted the spiral column than the rodded 
column. However, all the test data show greater security and higher ultimate 
loads with increasing amounts properly arranged spirals. the proposed 
formula allows increased load proportion the vertical reinforcement, 
seemed best provide increasing factor against ultimate collapse 
increasing the spiral proportionately. might claimed that for the small 
percentage verticals permitted the rodded column, and, therefore, small 
loads, only small amount laterals are needed guard against the possi- 
bility collapse. The provisions the Committee covering rodded 
columns are compromise between the two positions. They are more liberal 
the rodded column the low percentages verticals permitted than 
the spiral column for the same percentages. This concession was made the 
practice the past and admittedly illogical the light the treatment 
the spiral column. 


Dixon,* Assoc. Am. Soc. E.—The working stresses used 
design are established given percentages the strength cylinders 
made from the concrete and tested age days immediately after they 
are removed from damp sand storage. 

seems well established fact that test cylinder removed from 
the damp sand the end days and allowed dry ordinary room 
temperature for days before testing, the strength the cylinder in- 
about 30% over the strength similar cylinder which left 
the damp sand for the entire 28-day period. 

The largest commercial testing laboratory the United States has always 
dried the test cylinders before placing them the machine. The tests reported 
the New York Subway authorities are cylinders dried two days before 
testing. For years, engineers have formed their judgment the strength 
the concrete they were using, from tests samples which were dried before 
the load was applied. 

The requirement that the strength concrete determined tests 
wet cylinders, would mean that concrete, made from good aggre- 
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gate, would considered having strength only about 1500 lb. per 
sq. in., instead about 

For the past twenty years, has been the custom consider 
concrete satisfactory aggregate, having strength 000 per sq. in., 
days. The speaker knows case building construction where this 
assumption has not been justified satisfactory results. 

the design the floors building, also fact that for the dead 
load high factor safety used for live load. The dead load 
cannot materially increased and, therefore, the factor safety against any 
overloading the floor built much greater than would inferred from 
the relation the unit stresses the ultimate strength the concrete the 
elastic limit the steel. 

The speaker feels that there justification requiring that more cement 
used than has been required the past obtain strength 2000 lb. 
examination the reinforced concrete buildings erected during the past 
twenty years, will sustain this position and justify the expectation that 
revised specification should materially reduce the cost beam and girder 
construction and certainly should not increase the cost flat slab construction. 
comparison estimates will show that under this proposed specification the 
cost the skeleton flat slab building will increased about 11% and 
instead the cost the skeleton beam and girder building being reduced, 
the cost will increased about per cent. 

One the principal reasons for this increase cost the fact that con- 
crete that has been considered concrete for the past twenty years, 
with entire success, now is, under this proposed specification, made 500-lb. 
concrete. prevent the placing this burden the building industry, 
will necessary revise this proposed specification provide measure for 
the strength concrete that will agree with the standards now satisfactory 
use, will necessary recognize that new measure for the strength 
concrete has been adopted, which will require proper increase the 
percentages used obtain the allowable working stresses Sections 197, etc. 


Bertin,* Am. Soc. E.—The purpose this discussion 
show the influence that the Joint Committee report would have the cost 
spirally reinforced concrete columns, compared with the cost columns 
designed accordance with the New York City Building Code. 

Table gives the assumed cost the materials and labor. Table 
are given: (1) the cement, sand, and stone factors used arriving 
the cost per cubic yard the different classes concrete, namely, 
concrete, which are the mixes specified the New York 
City Code and and concrete mixed the propor- 
tions given Table the Joint Committee report; and (2) the total cost 
the various concretes per yard and foot. 

Table are given the following: (1) the various combinations vertical 
steel and spiral reinforcement used for the New York Code columns; (2) the 
total compressive resistance the cores per square inch for every type 


Chf. Engr., White Constr. Co., Inc., New York City. 


2 


DISCUSSION CONCRETE SPECIFICATIONS 


609 


column; and (3) the cost concrete cores per linear foot for load, 
including the costs concrete within the core, vertical steel, and spiral steel. 


TABLE Data. 


Item Cost Remarks. 

Vertical steel..... 0.04 Pound Material and labor 
! 
TABLE 7.—Cost Mix. 
| 
$1.84 $2.50 8.350 
| | } 
| | | 


Table similar Table except that 


worked out the basis 


Joint Committee requirement for three classes concrete, namely, 1500 


Ib., and 500 Ib. 


q 
Py: 


TABLE BUILDING CODE. 


age age and vertical Spiral concrete core carry load 
vertical steel carries, including 600 000 Ib. Total cost cost core 
(2) 600 square inch. concrete. vertical cubic foot, 000 Ib. 
steel. 
640 200 840 85.7 89.2 18.45 88.85 0.0730 
570 400 970 19.6 26.9 82.5 0.0590 
640 400 040 960 39.2 26.9 101.8 
570 600 1170 36. 19.6 40.35 0.0570 
640 600 807 39.2 40,35 115.25 0.0646 
570 800 730 36. 19.6 53.8 109.40 0.0555 
640 800 695 39.2 53.8 128.70 0.0620 
710 800 1510 663 58.8 147.90 0.0680 
780 800 632 34.9 78.4 53.8 167.1 
666 200 38.9 19.6 13.45 71.95 0.057 
798 200 998 1010 58.8 13.45 110.85 0.0770 
864 200 064 940 78.4 13.45 129.55 0.0845 
666 400 066 938 38.9 19.6 26.9 85.4 0.0556 
732 400 884 38.5 39.2 26.9 104.6 0.0640 
798 400 835 38.1 58.8 26.9 123.8 0.0718 
864 400 792 87.7 78.4 26.9 0.0787 
864 600 464 682 37.7 78.4 40.35 156.45 0.0748 
666 800 466 680 38.9 19.6 53.8 112.8 0.0583 
798 800 625 58.8 58.8 150.7 0.0655 
864 800 664 601 87.7 78.4 169.9 0.0710 
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TABLE 9.—Joint CoMMITTEE SPECIFICATIONS. 


\| 


c 

Bearing Bearing bearing Area core tical 

inch. concrete. square foot. 000 

inches. 

total cost steel. 


Percentage ultimate 
compressive strength 
concrete 
Percentage 
vertical reinforcement. 
Percentage 
spiral reinforcement. 
stress core. 


26.38 0.0754 
52.65 0.0847 
0.0890 
105.80 0.0907 
131.68 0.0910 


0.0695 
0.0760 
0.0782 
0.0771 


per sq. in. 


per sq. in. 


M 


0.0677 
0.0780 
0.0746 
0.0752 
0.0742 


per sq. in. 


c 
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Table are given: (1) the costs the 2-in. concrete protective shells 
outside the spiral for different core areas and different classes concrete; 
and (2) the diameter the columns outside the shells terms the core 


area. 


TABLE 10.—Cost 2-In. 
Formula for Volume Covering. 


Volume per Foot Column 0.0494 0.0873. 


Constant. 
| 
0.215 0.234 0.258 
0.290 0.315 0.347 16.0 
0.349 0.379 0.417 19.6 
0.397 0.482 0.475 22.6 
1.1903 0.4385 0.47 0.441 0.480 0.529 25.2 : 
600 1.297 0.471 0.509 0.479 0.521 0.574 27.6 
1.397 0.507 0.548 0.516 0.619 29.9 
800 1.482 0.540 0,581 0.550 0.596 0.656 32.0 
900 1.567 0.570 0.616 0.580 0.680 0.695 33.9 
1 000 1.647 0.598 0.645 0.606 0.662 0.727 35.7 
1 100 1.727 0.627 0.677 0.688 0.694 0.764 37.5 
1 200 1.797 | 0.652 0.705 | 0.664 0.722 0.795 89.1 
1 300 1.867 0.680 0.732 | 0.690 0.750 0.825 40.7 
1 400 1.937 | 0.704 0.760 0.715 0.777 0.860 42.3 
500 2.000 0.728 0.786 0.740 0.804 0.886 43.7 
600 2.063 0.750 0.810 0.762 0.830 45.2 
700 2.127 0.77 0.835 0.788 0.945 46.5 
1 800 2.185 0.795 0.855 0.805 0.877 0.965 48.0 
900 0.820 0.885 0.905 49.2 
000 0.900 0.847 0.925 1.015 50.5 


The general conclusions derived from Tables are: 


the columns constructed with the strongest concrete are the 
cheapest, whether designed accordance with the New York Code the Joint 
Committee report. 

2.—That the “Joint Committee” columns not vary materially costs 
with the percentage steel used. 

3.—That the largest “Joint Committee” column the cheapest. 

4.—That the cheapest New York Code column the one with the maximum 
percentage spiral and minimum vertical steel and that the “Joint Com- 
mittee” columns approximately equal size and capacity cost fully 30% more. 

5.—That the largest New York Code columns cost approximately 25% less 
than the “Joint Committee” columns equal size and capacity. 

6.—That the smallest New York Code column costs about less than the 
smallest “Joint Committee” column. 

the difference diameter between the smallest and cheapest 
New York Code column small, about in. for and in. for 
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8.—That the cheapest “Joint Committee” column costs nearly 30% more 
than the cheapest New York Code column and that the size the “Joint 
Committee” column much greater than the New York Code column. For 
000 Ib. the ratio being in. in. diameter, approxi- 
mately 84% larger area, important factor when available floor space 
considered. 


The general conclusion is, that the Joint Committee requirements increase 
the cost columns from 30% above the cost the columns now used 
New York City. The cost the interior columns reinforced concrete 
skeleton approximately 12% the total and the increased cost the 
the cost the entire structure. 

the absence proper data, was found impossible discover the reason 
for the necessity this increase cost, and would most illuminating 
have pointed out, those who are familiar with the origin this new 
column formula, the reasons which prompted the Joint Committee recom- 
mending design, the cost which much greater than that the present 
design practice New York City. 


Epwarp Goprrey,* Am. Soc. E.—There are some places the report 
where little change addition would add the clarity. Among the defini- 
tions there should added one Compression Surface. used this 


report, the compression surface the surface beam slab the com- 
pression side. Section 118 speaks the flange the slab. This not clear. 
The flange the would better. 

There should section the first part the report calling attention 
the Standard Notation Appendix The speaker discovered many 
symbols that were not defined. 

Determination the area deformed bars the minimum cross-section 
thereof (page good requirement. 

The min. for batch mixing good requirement. seldom realized 
“Batch minute”, the common slogan, means best about sec. 
mixing. 

The cold weather precautions are good, since they limit the temperature 
which materials are heated. Much poor work due the use hot 
materials. 

well that the report does not sanction clamps splice for rods. 
Clamps not hold rods firmly enough prevent the first slip, and the first 
slip the beginning trouble that may prove serious. Sharp bends rods 
are also prohibited. would better, however, require the radius the 
bend more than four diameters. 

Integral compounds are not permitted. Good workmanship and good con- 
crete are recommended for water-proofing concrete instead. high 
compressive strength generally subordinate value where water-proof 
qualities are prime necessity. The slump test recommended the report 
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for massive concrete only in. This would require stiff concrete that 
would have strength massive concrete seldom ever needs, but would lack 
water-proof qualities, qualities desirable necessary most massive 

The provision good that two-course paving work the wearing surface 
must placed within hour after the base course. would well for every 
concrete sidewalk expert remember this. Much bad paving work the 
result allowing the base course set hard before the finish course placed. 

Section 110, there reference beams slabs cast with 
similar supports”. Such parts are given large advantage over 
other continuous slabs beams. One can understand how line continuous 
beams cast with good stiff lower-story columns will stiffened 
the columns, but why slab that happens cast with the column 
should have any decided increase strength hard understand. not 
the ends span, adjacent the columns, where the report gives the 
advantage; the mid-span where 50% advantage given beams and 
slabs because the nature the supports. What meant supports similar 
column? girder beam meant, what way are these similar 
column? the Committee meant give slab 50% advantage because 
support girder, this would mean that the girder torsion 
the support, untenable proposition. Section 110 needs clarifying. 
needs some basis fact analysis justify and sustain it. the matter 
unit stresses the report departs radically from standards. 

this the speaker shall assume concrete for sim- 
plicity and more ready comparison with other standards. example 
the difference the standard this report and that the 1916 Report, take 
the case beam slab continuous and poured monolithic with the support. 
1916 Report allows 650 unit stress the concrete; this one allows 
800 lb. Combine these ratios and the result 39:64. There should full 
explanation this enormous degradation design standard. design based 
the new report would have increased 64% strength meet the 
standard the 1916 Report. 

The provisions the report the proportions concrete can scarcely 
expected satisfy any one accustomed coming contact with the prac- 
tical work making concrete. Suppose, for example, concrete 
desired, and the size aggregate varies from }-in. 1}-in., the sand passing 
sieve. This usual for small structural parts. The mixture recom- 
his quantities units, half-units the most. His men are familiar with 
wheelbarrow loaded with cu. ft. sand gravel, and load 1.7 cu. ft. 
would mean trouble and extra expense. All batches would have smaller 


than the usual batch, but, the work making the batch would prac- 
tically the same. 


2 
The 1916 Report allowed for moment This report allows The 
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course, the contractor might find nearly 1:2:4 mix with sand 
and slump in. This would mean that would have screen the 
sand screen and use concrete stiff that would not flow around 
the reinforcement. This would mean added expense, and the work would 
suffer, for the fluidity the concrete more importance than its strength 
compression test. The speaker recently examined comparatively new 
reinforced concrete arch bridge where the concrete evidently had been too stiff 
flow properly around the The county engineer contem- 
plating digging out large quantities this concrete effort correct the 
serious error the construction the bridge, namely, the use stiff concrete. 

Section 71, with regard joints floors, the report states, “Adequate 
provision shall made for shear either sufficient reinforcement 
sloping the joint, provide inclined bearing”. The joints referred 
are located near the center span. What shear that needs reinforce- 
ment near the center span how shear can taken care “sloping 
the joint provide inclined bearing” are points that need elucidation. 
that demands consideration the middle the span 
beams and slabs, and feathered edges sloping joints induce failure diag- 
onal shear due the sloped joint. engineer would splice column 
cutting the butting ends diagonal. 

the matter the consistency concrete, the economy and convenience 
making the concrete, items that should engage the engineer’s attention, have 
been ignored. For mass concrete slump test in. The 
object the specifying this stiff concrete manifestly secure concrete 
high compressive strength. Density and integrity the concrete are the 
essentials practically all mass concrete, and these are obtained using 
freely flowing, liquid concrete. The stiff concrete could neither 
chuted economically nor puddled the forms. The conditions labora- 
tory, where class students perform large amount work small 
quantity concrete, are criterion conditions construction, where 
small amount hand work must performed large amount concrete 
costs mount prohibitive proportions. 

Failures concrete due compression are rare; failures unsightly 
appearance structures due rusting steel are common. not meant 
here state that failures columns are rare. Failures rodded columns 
are common, due the absence tensile reinforcement give toughness. 

Doubtless much the supposed justification the methods design, 
the report, such those for footings, stirrups, flat slabs, and other forms 
design, the result strain-gauge measurements the stress steel. 
These test results, commonly interpreted, are misleading for two reasons, 
follows: (1) the concrete not cracked, the strain-gauge measurement 
simply the stress that the steel takes while the surrounding concrete 
receiving tension from four six more times much the steel 
rod. When the concrete cracks, the steel receives all it; and (2) the 
concrete cracked, say, one point the space which the strain 
measured, the result the stretch (1) plus little additional stretch 
the crack where the stress possibly five ten times great 
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the uncracked portion. Only the average strain measured, and the actual 
stress per square inch may many times much the strain-gauge 
reading would indicate. the face these undeniable facts, strange 
that engineers should treat seriously the experimental results thus universally 
falsely interpreted and the strength this false interpretation, ignore 
the principles mechanics which all structural design must based. 

There method known for determining even approximately the tension 
rod embedded concrete, unless the concrete entirely whole, which 
case the result has little meaning, unless the rod severed its grip 
the concrete for the entire length which the stretch measured. This 
simple fact vitiates great deal painstaking and laborious work and much 
the standard practice designing based the misinterpreted results 
that work, contravention established principles statics and mechanics. 

its rules for the designing retaining new 
feature the report, the Committee errs recommending that the counter- 
fort treated triangular beam instead what really is, should 
be, namely, concrete covering anchor rods tying the horizontal and the 
vertical slab together. 

The recommendations the report not give sufficient reinforcement 
provide for bending resistance equal the bending moments the floor slabs. 
This deficiency very substantial one. design this standard would 
have increased 19% meet the standard the 1916 Report. 

Mr. Slater* recent discussion the report compelled acknowledge 
that the moment coefficients the report fail reinforce the flat slab for 
the moments which must receive. attempts justify the low coefficients 
this report saying that tension the concrete helps out the flat slab 
manner not exhibited ordinary beams and slabs. The speaker willing 
concede this certain point, and that where the flat slab 
identically conditioned with the ordinary slab between beams. 

The simplest analysis proves that certain total bending moments must 
resisted along three lines. One these lines midway between rows 
columns; the other two are tangent the column heads and parallel the 
first. flat-slab floor was critically loaded, cracks could along these 
three lines. The slab would conditioned with ordinary continuous slab 
girders. Why the flat slab not reinforced for this condition, where 
tension the concrete more favorable the flat slab than the 
ordinary slab? 

critical test has ever been made and published floor. 
Tests have been made that some respects are severe, but tests have 
been made complete row bays across building from one side the 
other nor complete row bays along the outside building. Further- 
more, the conclusions that have been drawn from tests flat slabs are based 
strain-gauge measurements steel rods embedded concrete. The 
speaker has already proven that these measurements tell nothing definite 
value; made, they cannot show the real stress the steel. 
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noted that the unit stress allowed rodded columns reduced, 
and the “wires” are now required in. diameter and not more than 
in. apart. impossible for any stress develop square-shaped ties 
that would tax steel rods. the list twenty-nine failures that the 
speaker recently published, rodded columns failed units low 150 
per sq. in. 

spirally reinforced columns the report allows greater unit stress 
the upright steel for increased percentage that steel. Earlier standards and 
some standard works allow column stress the spiral reinforcement. This 
seems effort effect the same thing through the medium the 
upright steel, the spiral steel varies general with the upright steel. Both 
these methods are error for the reason that neither calls for any variation 
the pitch for varying unit stress. true that making the pitch the 
coil closer, the compressive strength the column increased because there 
thus created flatter concrete disk. 

can have effect the strength column, column where the 
coil not deficient, increase the sectional area the coil wire without 
decreasing the clear distance between coils; can have more effect the 
strength the column than increase the size lattice bars steel 
column could have column the lattice bars which are not deficient. This 
sound logic, and tests not any manner contradict it. 

What needed the way standard for hooped columns definite 
relation between the size the column and the pitch and section the coil 
and definite unit value for this standard column, varying with the ratio 
slenderness the column. 

The use rodded columns should eliminated, except for such conditions 
where cast-iron post would appropriate steelwork, and then only for 
chunky columns. Rodded columns are not suitable for monolithic work, 
because monolithic work means bending moments columns. 

The hooped column with cast-iron core doubtless gives high test values, 
but the beam and girder connections and splices for the cast-iron core present 
exceedingly overcome. column splice building must 
capable taking tension bending stresses. The only general collapse 
record high metal cage building was one having cast-iron columns. 
proposed use flanges the cast-iron core, these would occupy the 
space the surrounding concrete and destroy its continuity and that the 
spiral. Furthermore, the milling the ends cast-iron cores were 
inexact, open space would left, and the high stress the cast iron 
thrown the concrete shell with disastrous results. 

Almost for the first time any standard, bent-up and anchored rods are 
recognized method reinforcing for shear. Coupled with this allowance, 
however, there restriction that tends nullify available means 
The idea stirrup sharply bent-up rod the only 
thing that could possibly take shear, exceedingly hard kill. was this 
idea that induced the committee the American Concrete Institute its 
first draft the 1920 Report restrict the angle bent-up rods inclina- 
tions between 30° and 60° with the horizontal. There far more reason 
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for the upper limit the angle 20° 30° than for the lower limit 
near this value. The bent-up and anchored rod must reach from the first 
section where shear reinforcement needed the face the support. 

The Committee also discourages flat slopes reinforcing rods Section 
156, where stated, “mere sagging the bars shall not permitted”. -In 
the speaker’s judgment this grave error and forbids practice that 
very beneficial. Sagging bars and flat slopes have proven more effective 
construction than any stirrup system sharply bent-up rods, for the same 
weight steel. The flat bend and the sagged rod can analyzed; the stirrup 
and sharply bent-up rod cannot analyzed. 

the bent-up and anchored rod, like the stirrup, was designed for flat 
stress, which its sponsors confess can never take until the surrounding 
concrete has failed, stress that analysis can justify, there might 
reason for limiting the angle the bend avoid too high tensile 
unit stress. The rods, however, are, this report, designed for stress that 
subject rigid analysis, and the flatter the angle the greater the stress. 
There is, therefore, danger over-stress and manifest reason for limit- 
ing the angle the bend any minimum whatever. 

The speaker has had exceedingly good results more than one test 
buildings which bent-up and anchored rods were used reinforcement 
and which had flatter angle than that permitted this report. two 
buildings with this type shear reinforcement, excess load the floor 
failed produce any cracks. another building, which the concrete 
was poor and where rebuilding was seriously considered, although few 
cracks developed the beams, the test results were good under excess 
load, the matter deflection, that the structure was saved and pronounced 
good for its design load. inconceivable that this floor could have stood 
the same test with straight rods and stirrups. The speaker’s tests another 
building with beams reinforced, demonstrate this. 

Bulletin No. 64, University Illinois Experiment Station, Professor 
Talbot reports tests two buildings with beams having bent-up and anchored 
rods well others where sharply bent-up rods, not anchored, were used. 
cracks were found the beams which rods were bent and anchored, 
and high stress was observed the rods, which shows that they were per- 
forming their function. Cracks were observed the beams reinforced 
the standard way for shear. The bends the anchored rods showing the 
best results were many cases flatter than degrees. 

Another notable statement the report found footnote, page 
93,* Section 129. The footnote attempts justify the exceedingly high unit 
shear value allowed stirruped beams, namely, 12% the ultimate strength 
the concrete; and even intimates that this conservative. The notable 
part the statement that stirruped beams with 50% the ultimate strength 
shear value fail “due diagonal compression the webs”. Published 
testst gave this stress which here called “diagonal compression the 
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webs” shear the nominal webs. The speaker recently pointed out that 
the freak beams these tests were not subject shear their webs near 
the time failure, but diagonal compression. 

The peculiar form and reinforcement these concrete and the 
opportunity for anchorage the horizontal rods the heads made 
possible for the beams carry large load diagonal compression 
the web, but the ordinary beam far from being the same class. Hence, 
the absurdity this footnote and this high unit load. The use “safe” 
unit shear that equal the unit initial failure shear, observed 
these tests, should need comment. The fallacy this rendered more 
apparent when pointed out that this initial point failure shear was 
measured considering only part the cross-section the beam subject 
shear. 

The anchorage stirrups and short shear members, required the report, 
makes these members still more troublesome pouring concrete. Every prac- 


tical builder realizes what this and would welcome the elimination 
stirrups. 


say few words favor rodded columns. All engineers who design 
buildings, particularly industrial buildings, know that designing rec- 
tangular wall columns, neither convenient nor practical use hooped 
columns for such sections. The average size columns industrial build- 
ings about in. wide in. deep. designers were com- 
pelled use hoops, such columns, they would have use two small 
separate units hooping, and one-third one-half the concrete area 
would not utilized, theoretically. was the speaker’s privilege work 
some reinforced concrete designs France and England, and, Con- 
sidére has patent hooped columns those countries, rodded columns 
are almost universally used, with excellent results far one able 
judge the hundreds buildings that have been built with failure. 
Furthermore, designers those countries use for 1:2:4 concrete, the 
equivalent mixture, stress approximately 600 per sq. in., and, since 
they obtain good results, seems that their experience should not disre- 
garded. Granting that those countries, concrete poured with much more 
care than the United States, and that here, such high stress should not 
assumed, the speaker sees reason why the stress 500 per sq. in., which 
has been used successfully for many years, should abandoned and re- 
placed 400 Ib. per sq. in., proposed the new specifications. 

Mr. Loney spoke about the position the engineer, who would con- 
fronted with the task telling owner that building constructed accord- 
ing the proposed recommendations the Joint Committee, would cost 
10% 11% more than building designed according other specifi- 
The speaker thinks well point out also that, regardless 
the cost, the engineer, having make such statement owner, will 
placed very awkward position far his professional standing 
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concerned. many cases, owner wishes duplicate building and 
goes the same engineer for plans. the proposed regulations are made 
standard for the whole country, possible that the engineer will have 
make entirely different design from the one made several years ago. 
Consider the question columns only, should they designed for stress 
400 per sq. in. instead 500 the size the interior columns 
the depth the wall columns might have increased from in. 
in. in. in. Naturally, the owner would ask for the reasons 
and the engineer would placed the position replying that the build- 
ing, designed for him five years ago, was not strong enough; that committee 
engineers have decided that the stresses used designing his building were 
too high, and lower stresses have used for safety. The owner will 
either discharge his engineer being incompetent, tell him fool, 
for the building which was designed according his computations several 
years ago, stands well under the load for which was designed, or, perhaps, 
greater load. 

connection with flat slabs, the proposed specifications call for moment 
coefficients which would give results slightly higher than those given the 
Chicago Building Code, for four-way slabs, and, since number flat slab 
buildings have been built satisfactorily accordance with this code, and 
since the New York City authorities have recently adopted code which 
little more liberal than the Chicago Building Code, seems hardly neces- 
sary take retrogressive step and ask designers provide more steel than 
for either these building codes. All engineers are undoubtedly 
familiar with the test required the Chicago Building Code: Under twice 
the live load, two consecutive panels should not show deflection larger than 
span. pretty stiff specification, and, yet, most cases, 
tests, made, will show that such deflection The speaker has 
made tests buildings designed and built his company, and his prac- 
tice load one panel instead two, which load would tend increase the 
deflection the center the panel. unusual obtain, under such 
loading, deflection greater than span, although the 
flat slab buildings referred are designed with coefficients smaller than 
those recommended the Chicago Building Code. 

conclusion, appears that the tentative specifications, far columns 
and flat slabs are concerned, seem step backward instead forward, and 
view the fact that, with falling costs structural steel, concrete 
already disadvantage when placed competition, does not seem fair 
handicap further. Every one interested good buildings, but be- 
lieved that, the present moment, much more can done placing 
emphasis inspection than trying prevent failures increasing the 
coefficient safety. 


almost the same the “Chicago” moment coefficient. The difference lies 
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the slab thickness rather than the moment coefficient. There minimum 
thickness formula given, which requires, generally, somewhat greater thick- 
ness than the Chicago Building Code. The results tests* indicate that the 
factor safety sufficiently large warrant using this moment coefficient 
basis for designing the reinforcement. 

possible, however, that slab which has sufficiently high factor 
safety against collapse may give objectionably large deflections under long 
continued loading and the data available not indicate what the limits are 
this direction. The slab thickness formula was, therefore, made such that 
when the column capital has diameter 0.225 times the span, the thickness 
would nearly the same that given the slab thickness formula recom- 
mended the 1916 report the former Joint Committee. This believed 
the speaker represent the consensus good practice and satisfactory 
the majority engineers. Rationally, thickness formula should take into 
account the size the column capital, the negative moment within 
the column strip, and the width the depressed panel (since the compression 
due the negative moment the column strip must resisted that width). 
The formula proposed introduces these factors. 

For this let assumed that (1) the formula” gives 
accurately the compressive stress the concrete; (2) that the true strength 
the concrete given the cylinder tests; and (3) that the “straight line 
formula” used for design. 

With allowable working stress the concrete 45% its cylinder 
strength, the factor safety such beam against compression failure would 
little more than Assuming that, with long continued repeated loads, 
failure the beam might occur stress equal two-thirds the ultimate 
cylinder strength, the factor safety would reduced two-thirds 
Recognizing allowable working stress 16000 lb. per sq. in. steel, 
which may have yield point low 000 per sq. in., effect recog- 
nizing the adequacy factor safety 2.06 (33000 divided 16). 
will seen, therefore, that the accepted factor safety for structural steel- 
work greater than that which would furnished concrete beam 
that uses 45% the cylinder strength working stress; even though the 
beam fail compressive stress only two-thirds the cylinder strength, 
would great that which recognized being necessary structural 
steelwork. 

not necessary, however, resort this reasoning entirely justifi- 
cation for this allowable working stress. paper based results tests 
carried out the Technologic Branch the Bureau Mines St. 
Louis, Mo., reports results tests seventy-one reinforced concrete beams, 
most which had reinforcement and all which failed compression. 
may seen from this paper, that the factor safety was well above the 


theoretical value most cases and that for the weaker concretes was the 
highest. 


Westergaard and Slater and Stresses Slabs’’, Proceedings, Am. Con- 
crete Inst., Vol. (1921), 508. 
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If, assumed, beam failed when the compressive stress the parabolic 
formula was equal the cylinder strength, the stress the maximum load 
the straight line formula would approximately 1.4 times the cylinder 
strength (1.4 times the stress the parabolic formula) 1.05 times the cube 
strength (assuming the strength cylinder, the height which twice 
its diameter, 75% the strength cube the same concrete). Many 
data are available, which indicate that the flexural strength the concrete 
computed the straight line formula least 1.4 times the cylinder strength, 
1.05 times the cube strength. Many the tests show even greater strength. 

The following are references literature bearing the relation between 
compressive strength concrete beams and the compressive strength 
direct compression specimens: 


(1) Slater and Zipprodt, “Compressive Strength Concrete 
Proceedings, Am. Concrete Inst., Vol. (1920), 120. 

(2) Taylor and Thompson, “Concrete Plain and Reinforced”, 3d. ed., 416. 

(3) Turneaure and Maurer, “Principles Concrete Construc- 
tion”, ed., 154. 

pressive stresses computed parabolic formula. Cubes used control 
specimens). 

(5) Bulletin No. 197, Univ. Wisconsin, Withey, 
pressive stresses computed parabolic formula). 

(6) “Der Morsch, 4th ed., 167. (Tests 
von Emperger about 1903). 

(7) Handbuch fiir Eisenbetonbau, 3d. ed., Vol. (Cubes used control 
specimens); (a) 207, Tests Sanders about 1902; (b) 208, Tests 
Schiile about 1906; (c) 210, Tests Bach and Graf, 1907 1920 (T-beams 
included this investigation); (d) 235, Tests Bach und Graf about 
1912; (e) 238, Tests for the use the Austrian Committee Reinforced 
Concrete, 1917. 


Reference No. the largest ‘investigation any those cited, gives results 
seventy-one beams all which failed compression. The beams con- 
tained approximately reinforcement and, all cases, the stress the 
maximum load, computed the straight line formula, was considerably greater 
than the cylinder strength. The weaker the concrete the higher, general, 
was the ratio the beam strength the cylinder strength. 

the question the necessity assuming that failure under repeated 
loads may occur when the stress the concrete only two-thirds the 
strength for single application load, tests made the Bureau Standards 
give some indication.* the four beams tested failure, all the failures 
were tension the reinforcement and none compression the concrete, 
although the stresses compression were higher, proportion the ulti- 
mate strength the concrete, than the stresses the tension proportion 
the yield point the steel. 

does not seem illogical that the ultimate strength the concrete should 
taken criterion the ultimate strength the beam, the same time 
that the yield point the steel taken criterion the ultimate strength 


Slater, Smith, and Mueller, “Effect Repeated Reversals Stress Double Rein- 
forced Concrete Beams”, Technical Paper No. 182, National Bureau Standards. 
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the beam. The rate deformation the steel after the yield point 
passed generally great that excessive compressive stresses are thrown upon 
the “extreme fiber”, bringing about crushing failure very shortly after the 
yield-point stress the reinforcement reached. the other hand, the rate 
the deformation the concrete much more gradual with high 
loads and the ultimate strength compression may reached without 
abnormal increase the tensile stress. 

Looking the question from all sides, seems that there are sufficient data 
justify permitting flexural compressive stress, positions positive 
moment, 40% the cylinder strength the concrete and 45% for positions 
adjacent the support continuous beams. 


Am. Soc. E.—The allowable working 
stress compression flexure for concrete given 800 lb. per 
sq. in. the positive bending moment section and 900 lb. per sq. in. 
the negative bending moment section. seems that this proposed working 
stress deserves consideration. should recognized that the factor 
safety, using this term mean the ratio the ultimate load that the beam 
may expected carry and the load that will produce the nominal working 
stress, considerably more than the ratio the working stress and the 
assumed ultimate compressive strength the concrete; other words, 
this case, more than 2000 800, 2.5. There are other conditions entering 
into this: First, the stress-strain relation which not straight line, but has 
more the form parabola. With this curved relation, the ultimate 
capacity increased beyond what given the accepted 
straight-line formula used for simplicity and not because represents the 
actual condition the beam. This change would perhaps make the safety 
factor 3.0 possibly more, instead 2.5. The second condition con- 
sidered, that when concrete compression flexure the actual amount 
strain deformation before failure occurs markedly more than for 
direct compression. Concrete will fail direct compression when reaches 
strain about corresponding amount the stretch steel 
000 40000 per sq. in. When the beam subjected flexure the 
failure the concrete will not occur until considerably increased shorten- 
ing occurs, say, twice much that failure direct compression; this 
gives further margin safety. Perhaps the upper fiber there will 
added resistance over that strain 0.0013, but the same resistance may 
expected continue. some point below the upper fiber the resistance 
developed may great the upper fiber. Perhaps this feature may 
add 20%, thus altogether developing ratio 3.5 4.00, the neigh- 
borhood this. 

The real margin then for loading once applied would considerably 
greater than the 2.5 the the other hand, when concrete 
subjected high stresses repeatedly, even few times, will fail 
loads lower than that required give failure first application. For build- 
ings, the value used should certainly not more than two-thirds three- 


Prof. Municipal and San. Eng., Univ. Illinois, Urbana, 
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fourths that which would used for load once applied. Two-thirds 
the factor 3.5 4.0 would bring the factor about 2.5. may then 
considered that 800 lb. per sq. in. will result factor safety about 
2.5 with 2000 per sq. in. This about the same ratio 
found for the steel tension with lb. per sq. in. working stress 
compared with lb. per sq. in. yield point for mild steel bars ordinary 
size. The question would then arise whether desirable allow more 
margin strength for the concrete than for the steel; and would seem 
that this question that should have careful consideration. 

Bearing also the question proper working stress concrete, that 
possible increase strength with age. The strength given here that 
days. With suitable conditions, concrete will gain strength for months 
and even years; and may expected that under good conditions 
moisture and opportunities for the chemical action continue, the strength 
concrete, after several years, will from 1.5 times much 
days; and here again seen the difficulty making specifications cover 
all conditions. the case concrete roads, the concrete has shown 
marked increase over the strength the first few weeks. building, 
not certain that the concrete will retain sufficient moisture after the first 
few weeks enable hardening continue. The strength, therefore, may 
not more than that existing the end days, even earlier 
age dries out quickly. The effect moisture conditions well illustrated 
tests made for the Chicago, Burlington and Quincy Railroad over 
period ten years. The strength days ran very well; days, there 
was little gain strength; the end year, there was further gain 
strength; and years, there was gain strength. Inquiry 
then made showed that the specimens had been stored ordinary room 
shop, which was steam heated, and the concrete had evidently dried out 
early age. the end years, half the remaining specimens were 
placed water and the other half left air; these were tested the end 
the seventh, eighth and tenth years. The specimens that had been put 
water gained strength for the remaining three years the way they 
would be. expected gain the first three years they had had sufficient 
moisture; those that remained air did not gain strength. Other tests 
running over number years have shown the same result, that unless the 
moisture conditions are favorable, there will increase strength beyond 
the early period. Whether not increase strength will develop 
structure depends the atmospheric and other conditions surrounding the 
concrete the structure. well, therefore, consider whether there 
will much added strength beyond that attained the end days, 
and the conclusion reached will have important bearing what value 
the working stress should adopted. 

Another question enters into the problem, whether the concrete the 
structure will have greater strength less strength than laboratory 
specimens. Mr. Godfrey has frequently referred test specimens made 
under ideal conditions. Sometimes poor concrete put into structures, 
concrete undoubtedly poorer than that which would made test 
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cylinders. other cases, however, specimens cut from structures, floors, 
and columns buildings, pavements, etc., have shown higher strength than 
that given laboratory methods. Whether this represents the situation 
generally question which should have consideration. 

this value 800 per sq. in. high, and would seem 
beyond the limit proper allowance for concrete this general quality, what 
said the additional 100 per sq. in. stress which allowed 
the section negative moment. The concrete the bottom the beam 
next column girder may sometimes better quality due the 
pressure put it, but again the difficulty placing the concrete may 
such that will poorer than the the report the first Joint 
Committee, 20% additional compressive stress was allowed the negative 
section. The value was allowed under somewhat different conditions than 
given this report. The allowable working stress the section positive 


moment was 650 lb. per sq. in. The positive bending moment was 


and the negative bending moment which together give 33% more 


moment than can occur the sum the moment the end the beam 
and the middle; and the argument was then made that the concrete 
the negative section begins fail, gives too much, the effect 
throw larger bending moment the middle the beam, and that larger 
bending moment can well taken the middle the beam, because pro- 
vision made for considerably larger amount, 33% larger, than would 
given the sum the two moments. Here, the moment specified for the 


positive moment has been decreased for one case. There still 


little excess, but altogether the such that 900 per sq. 
in., seems too great stress allowed the section negative moment. 

The speaker would not agree entirely with Mr. McMillan that account 
should taken the hooping reinforced concrete column. Surely 
allowance may made for matter safety; and higher stress 
may used, much nearer what would the limit strength the con- 
with hooped column than with one which hoops were not used. 
Why then should the stress allowed the longitudinals percentage 
the ultimate strength the the form the column formula, 
would seem that effort has been made take the hooping into consid- 
eration, for the extreme case concrete having strength stress 
300 per sq. in. would result. will helpful the Committee will 
explain more fully the basis the formula, theory and experiment. 

does not seem the speaker that the shrinkage should take into con- 
the manner that has been proposed. the case the 
action spliced bars columns, referred Mr. McMillan, the concrete 
and the steel may not act exactly harmony. would seem that some 
ultimate load should load beyond that considered 
the working load. After all, working loads and working stresses are mere 
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conveniences. taking these fundamentals what will happen some 
critical point should considered; and when that reached, the effect 
shrinkage disappears, disappears nearly that does not seem need 
considered such way. the explanation given the basis the 
formula, the form the New York formula, one similar method the 
New York formula, may preferable. 

The working stress proposed for sections positive moment may 
worth considering, although very high. The speaker thinks that 900 lb. 
per sq. in. for the section negative moment too great. 


Am. Soc. speaker feels that the theory 
continuous beams applied reinforced concrete T-beams unsound, be- 
cause pre-supposes the same section modulus negative bending for 
positive bending, whereas impractical obtain this result. 

reinforced concrete beam should considered practically restrained 
beam rather than continuous beam and the amount negative steel reduced 
about 50% the positive moment. The positive moment should reduced 
somewhat allow for this restrained action. The speaker has had long 
experience design and where has used 50% negative reinforcement, 
has not been troubled with negative cracks. the other hand, such design 
more practical because does not cause congestion steel for the sup- 
ports which otherwise happens, particularly columns, where floor-beams 
may enter column. 

The speaker feels that this point extremely important and although 
knows that this matter has been discussed and apparently settled adversely 
his opinion, requests that the T-beam continuity reconsidered. 


Cons. Engr., New York City. 
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DETAILS CONSTRUCTION. DESIGN. 


Assoc. Am. Soc. E.—The diagonal tension failures 
reinforced concrete footings reported Professor occurred 
sections analogous those described this specification. Slabs built 
simulate the part flat slab around column capital and tested the 
University under Professor Talbot’s direction, failed diagonal 
tension similar section. flat slab tested Professor Hatt, 
Am. Soc. E., for the Corrugated Bar Company, Purdue University, 
“with feathering the concrete the drop the edge the 
column cap, followed diagonal tension failure the drop around the 

flat slab tested Worcester, Mass., secondary failure diagonal 
tension occurred. This described the words, “there were appearances 
diagonal tension failure around Column B4, but seems likely that this was 
result most secondary cause These two failures flat 
slabs probably were not primarily diagonal tension failures, but they are the 
only diagonal tension failures for flat slabs known the speaker. The 
failures both instances occurred sections analogous the section out- 
lined the specifications the critical section, and seems that data are 
lacking, which would indicate that there danger diagonal tension failure 
any other section. 

seems that the behavior the flat slab sufficiently like that the 
footing that the test results for the footings may applied the 
slabs. From the footing tests, Professor Talbot has 


“As the diagonal tension cracks would begin above the longitudinal 
diagonal tension stress the vertical shearing stress obtained using the 
vertical sections located distance from the face the pier equal the 
depth the steel reinforcement from the upper surface the footing and 
use length section the four sides the square base thus formed. 


The procedure getting measure the diagonal tension analogous 
that used ordinary beams 


Formula represents effort put into the thickness formula all the 
requirements specified for the design flat slabs, except the strength the 
For instance, Sections 146 and 147 allow some latitude the 


“Reinforced Concrete Wall Footings and Column Bulletin 67, Univ. 
Illinois Eng. Experiment Station, 1913. 


Proceedings Am. Concrete Inst., Vol. (1918), 164 


Talbot and Slater, “Tests Reinforced Flat Slab Structures”, Univ. 
Eng. Experiment Station, Bulletin (1916). 


“Reinforced Concrete Wall Footings and Column Univ. Illinois Eng. 
Experiment Station Bulletin 67, 103 (1913). 


Proceedings, Am. Soc. E., August, 1921, 98. 
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amount moment used, and the introduction the coefficient, into 
the formula makes the thickness depend the value chosen. the 


same manner, the introduction the term, makes the thickness depend 


the width the dropped panel, which must resist the compressive stress 
due negative moment. The thickness formula based consideration 
concrete with the working stresses elsewhere specified. 

Without limitation the depth there always possibility chang- 
ing the critical section from the edge the column the edge the 
dropped panel, that is, making the dropped panel very heavy and very 
thick may effect become the column capital. Then, there will moments 
the edge the dropped panel, which are not fully taken care the pro- 
visions that apply the section the edge the column The effort 
keep the dropped panel such proportions that the critical section 
not likely the edge the dropped panel. was considered that 
the most practical way doing this, one that would not put too many compli- 
cations into the design, was simply set particular limit for the thickness 
the dropped panel. 

Section 198 indicates that may used the “extreme fiber stress 
adjacent supports continuous beams”. preparing the sections flat 
slabs, Section 198 was not interpreted applying flat slabs. 

Another feature Formula that has not been mentioned that the 


term (1—1.44 provides thickening the slab the size the 


column capital decreases. That term intended compensate for the con- 
centration moments along the edges the panels concentration which 
takes place with decrease the size the column capital), and thus keep 
the stress along the panel line the edge the capital approximately 
constant value for all sizes column capital. This merely recognition 
that the larger the ratio the span the diameter the column capital, 
the more danger there excessive deflection due local high compression 
stresses. 

The adoption rather conservative slab thickness requirements was based 
assumed compression and deflection requirements. seems that the 
probability rich concrete flowing under compression and thus permitting 
increased deflection would greater than that for lean concrete, and 
this may valid reason for keeping the requirements the same for concrete 
having strength 2000 lb. per sq. in., more. The Committee will give 
the matter further consideration. 

Section 131, “Anchorage Web Reinforcement,” gives general provisions 
which are intended guard against unsatisfactory design, but possibly 
should more specific. the tests made Lehigh University web 
strength beams, connection with the concrete-ship work the Emer- 
gency Fleet Corporation, the anchorage the web reinforcement was 
different sorts, and among the types used were anchorages similar those 
shown Fig. was little difficulty with the anchorage the bars 
under those conditions. With the largest sized bars used there were some 
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indications slipping, and the provision given the specifications the 
size bar, one-fiftieth the depth the beam, intended meet the 
requirement that too large bar shall not used. Anchorage the stirrups 
means hook the end developed the yield point stress the web 
reinforcement though the yield point was around per sq. in. 

The size the longitudinal bars used the tests referred was all 
cases in. does not seem likely that bars much larger than that would 
often used. The length the beam was not great, ft. in. between sup- 
ports and ft. in. over all. fact, the tests have been criticized for 
using beams which were short. far the size bars and length 
span are concerned, the conditions were such aggravate the stresses. 
The tendency bond stresses any point probably great 
under any conditions that could arranged one were trying make 
them bad possible. 

There was variation the spacing the stirrups from about one- 
ninth once the depth the beam. The series tests which the 
spacing the stirrups was varied, not satisfactory the uniformity 
its results the others; but seems safe state that even with spacing 
great one-half the depth, the working stress recommended would 
justified the tests. would not seem wise, however, generally combine 
the highest allowable shearing stress with the greatest allowable spacing the 
stirrups. 

After the discussion the subject shear, may appear that all the 
specifications are based one series tests, the results which have not 
been published. portion the results from the concrete ship tests have 
been published, and there are published results other tests which very 
high shearing stresses have been developed and which will help show the 
justification for the specifications here proposed. The following references 
indicate where the information may found: 


(1) Saliger, “Neue Versuche iiber den Schubwiderstand Eisenbe- 
tonbalken”. fiir Betonbau (1918), Heft 157; (1913), Heft 


Probst, “Vorlesungen iiber (1917), 356. 
Handbuch fiir Eisenbetonbau, 3d. ed., von Emperger, 297. 


(2) Braune and Myers, “Tests Ten Reinforced Concrete 
T-Beams”. Concrete, April, 1917. 


(3) Slater, “Tests Show High Shears Deep Reinforced Con- 
crete Beams”. News-Record, February 27th, 1919. 

The possibility using broken tiles must admitted, also the possibility 
chunks wood getting into the concrete, and other unexpected things 
happening. Allowance made for these things the unit stresses that are 
permitted. If, however, there tile broken, what prevent the concrete 
from running and filling the place that the tile should take, unless, 
has been suggested, paper used place the missing tile. specification, 
however, can hardly take into account the possibility using paper instead 
aggregate, except under the head inspection. 

The inspection should rigid enough take care such things. This 
part the specification should not rest solely the negative basis that 
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reason apparent why thing should not done. There are data available, 
which show that tiles are effective taking the compressive stress from the 
concrete near-by. cite case, large tile and concrete slab was built 
Waynesburg, Ohio, and tested the Bureau Standards, within the 
past two years. that test, the deformation the tiles was measured, the 
modulus elasticity the tiles was determined, and tests control slabs 
tile and concrete were also made, and was found, general, that the 
deformation the tile was least 70% the deformation the adjoining 
rib, and that taking into account the difference modulus elasticity 
the concrete from that the tile, the unit stresses the tile this were 
approximately the same the unit stresses the concrete. 

seems safe conclude that the same elements which made the flanges 
the tile effective compression, would make the webs the tile, which 
are contact with the concrete web, effective shear. There also some 
experimental basis for the belief that the webs the tiles were effective 
resisting shear. If, the tests referred to, each the ribs extending the 
same direction within panel assumed carry the same load the sup- 
porting girders, the load carried would cause maximum shear 375 
per sq. in. each the ribs the square panels, the tiles which were 
contact with the concrete rib are assumed effective the concrete 
resisting the shear. the assistance from the tiles neglected, the shear- 
ing stress the concrete ribs would have 500 per sq. in. However, 
the ribs along the center lines the panels must have carried more load 
the girders than those adjacent them. Consequently, the maximum shear 
the center ribs would more than 500 per sq. in., assistance from 
the tiles neglected. there was diagonal tension 
these webs, seems certain that failure would have occurred before reaching 
high load, the clay tiles had not assisted very considerably resisting 
the shearing stresses. The speaker’s opinion that for certain cases all- the 
section the tile might safely considered effective shear. 

Government building Washington, C., which clay tile was used, 
was tested and the results were satisfactory, even though the moment co- 
efficients used seem have been much lower than can justified analytical 
treatment. 

There are certain forms construction which the flange the 
not below the neutral axis. The form construction referred to, has con- 
crete over the top the tile. The depth the tile the same the total 
depth the slab. 


Am. Soc. E.—The results tests, pub- 
lished Bulletins the University Illinois, show that the reduction 
bond resistance was very definite and the phenomenon connected with the 
failure the footings slipping the bar was striking. That the weak 
point any footing that made with two-way four-way reinforcement. 
The speaker thinks 25%, given Section 143, not sufficient reduction. 


Prof. Municipal and San. Eng., Univ. Illinois, Urbana, 
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ordinary beams, cracks, whether visible not, may expected form, 
loads below those giving working stresses, and these will generally not 
injurious. With footing, the case different; the crack across one set 
bars runs lengthwise bar the other direction, and thus the bond resist- 
ance reduced appreciably. may not always necessary anchor the 
bars their ends. This the best solution. question that should have 
full consideration. The tests referred are the only tests the kind which 
the speaker has knowledge. may said that failures footings may occur 
without any knowledge it. Some the settlements may due failures 
footings. 

Although assumed that the reaction the soil uniform over the 
footing, compressible soils, least, more upward pressure transmitted 
immediately under the column and less the edges the footing. seems 
the speaker that the provision reduce the allowable bond stress cases 
two-way and four-way reinforcement, step advance. 

The speaker has been told that the Committee Bridge Specifications 
the Society deal with concrete bridges, which quite impor- 
tant field. would appear that the Committee could well give attention 
some the salient features and precautions for variety reinforced con- 
construction, as, for example, frames, note, not detail, the matters 
that may well provided against, or, the case arches bridges, the 
matters that should provided for. The speaker believes that would 
valuable many designers suggestions could given regard the con- 
struction different types reservoirs, and something applicable piers and 
abutments. would difficult make complete specifications for these. 
The report the Committee covers the general specifications for buildings; 
parts it, however, are applicable all these other structures. 

The former Joint Committee followed the practice giving precautions 
for certain details terms building construction, positive moment, and 
negative moment, the bridge there are places where these 
precautions would not apply and where others would needed; although the 
principles are the same, the values moment provided for will differ. 
reservoirs and reservoir foundations, the case would still different. 
This indefinite, but, least, will suggest that these other structures 
should taken into account and some notice taken what are applicable only 
buildings. 

The problem before the Joint Committee difficult. Perhaps may 
well segregate those parts the specifications that apply only reinforced 
concrete buildings. The former Joint Committee report attempted prescribe 
good practice the use concrete and reinforced concrete. The fundamental 
part, the engineer supplying the additional engineering needed for the appli- 
cation the structure question. Can general specification written 
with provisions for the peculiar requirements, for instance, the arch 
the bridge the way that the report deals with the speaker 
had mind was whether the Committee could look into several fields and find 
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there are not features special construction that may well included 
the specifications, and not write specifications for this structure that form 


Gautier,* Assoc. Am. Soc. E.—The speaker has noticed 
the tentative specifications that proposed allow, floors made 
concrete and hollow tile, taking half the thickness the web shear. 
has seen, very often the job, broken tiles which nevertheless were used, the 
broken corner side being filled with piece paper replace the missing 
and, under the circumstances, seems somewhat doubtful allow the 
use the tile web resist shear. However, the speaker convinced that, with 
proper inspection, such practice would not take place, and the opinion 
that, such case, perfectly legitimate use the tile web help 
resisting the shear, and also the upper flange the tile help resisting the 
compressive stresses. knows some systems which concrete what- 
soever used topping for the tile, the entire compression being taken 
the concrete joist which very narrow, and the flange the tile. Such types 
construction appear successful, and the speaker does not see why this 
should not accepted good practice. 

Am. Soc. Committee has gone further than 
would seem necessary specifying moments use design for continuous 
slabs and beams and rigid building frames. There are many local con- 
ditions affecting every case that the ideal conditions the specifications are 
seldom realized. furnishing data this kind without definite statement 
the conditions, there danger, since probably will used im- 
proper manner inexperienced designers. 

These moments are vitally affected the relative span lengths, column 
heights, and stiffnesses, that they should experienced 
designer every case. 

The investigations and report the Committee should include the funda- 
mentals concrete bridge and road design and construction not 
limited building what the title implies. Unit 
stresses for bridges various types, treatment expansion and contraction, 
shrinkage, should included. 

Referring Section 134 tile combination tile and concrete con- 
struction, the point brought out was that the Committee meant use only 
half the adjacent webs shear material. one two cases, where 
the speaker has investigated the safe carrying capacity flooring place, 
has taken account, eight-plus-two floor, the top web the tile 
helping out the thickness the flange the 

design combination clay tile and concrete rib floors, the speaker believes that 
quite proper consider the width the rib equal the width the 
concrete section plus one-half the thickness the tile wall either side 
the concrete rib, far shearing stress concerned. 


Engr., Thompson Binger, Inc., New York City. 
Prof. Structural Eng., Ohio State Univ., Columbus, Ohio 
Chf. Engr., Corrugated Bar Co., Inc., Buffalo, 
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the construction Professor Morris, this same idea was 
applied the case the top wall the tile and its thickness added that 
the cover provide increased area for the resistance the com- 
pressive stress. This practice, however, might considered questionable, 
joint occurs every in. between the tile blocks and unless the ends the 
tile were perfect bearing all points, which seldom the case, difficult 
conceive successfully transferring stress across these joints until consid- 
erable deformation had taken place. 


for the proposed specifications have been suggested. The speaker can suggest 
still another, refers the subject dams. This subject interest 
the speaker, and would glad have the Committee into thor- 
oughly has been done with the subject reinforced concrete building con- 
struction. 

The specifications should not cover less than concrete building 
construction. report containing, not merely provisions general appli- 
cation, but also provisions pertaining specifically building construction, 
would have great value for the designer other structures, that, com- 
parison can determine what practice adopt. There would seem 
valid objection including retaining walls with buildings, particularly since 
the present specification already covers retaining walls. 


specification does not apply all types reinforced concrete structures, this 
fact should definitely stated and the application the clause clearly defined. 


Engr. (Mead Scheidenhelm), New York City. 
Chf. Engr., Turner Constr. Co., New York City. 
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GENERAL DISCUSSION 


comments are submitted those parts the report relating construction 
practice. 

General.—The report is, the writer’s opinion, open the following gen- 
eral criticisms: 

The title “Specifications for Concrete and Concrete”, un- 
fortunate, and the form the old report, namely, set fundamental prin- 
ciples representing recommended practice for the guidance the engineer, 

The term, “Standard Specification”, implies document which can 
more less verbatim working specifications, and which in- 
cludes all the detailed instructions necessary for the proper execution 
the work. The concrete industry, however, infinitely varied that the 
attempt lay down set specific rules cover the multitude conditions 
which arise practice likely result extended controversy, and, 
finally adopted, weakened authority the entire report. Whereas, the 
report were considered representing the best thought fundamental 
principles, leaving the details worked out the individual engineer, 
would not only easier secure agreement the various provisions in- 
cluded the report, but, adopted, the report would tend carry greater 
authority. 

For example, many engineers would oppose, the present time, the in- 
clusion the provision for automatic measurement mixing water 
standard specification, who would agree that such automatic measurement was 
correct principle and desirable accomplishment rapidly the prac- 
tical difficulties connected with could overcome. the writer’s mind, 
standard specification record what has already come accepted 
standard practice. this true, certainly many the paragraphs this 
report may better considered sign posts pointing the way the improve- 
ment and development the art concrete construction. such, has 
great value for the profession, but there surely clear distinction between 
such set principles and standard specification. 

Proportioning Concrete for proposal proportion concrete 
secure definite strength based laboratory tests compression cylinders 
represents distinct advance the art, which will tend economy materials 
and better class concrete construction. should receive therefore the 
thoughtful consideration every engineer. One can agree with this principle, 
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however, and, the same time, hold grave doubts whether the time has 
yet come when concrete can purchased the basis strength the same 
way that structural steel now purchased. 

true that thousands laboratory tests have apparently established 
with reasonable accuracy the relation between the component parts the 
concrete, including water, and the resulting strength the specimen. How- 
ever, the question the relation between the strength specimens made 
the field and the strength laboratory specimens from the same aggregates 
has had comparatively little attention. The writer had occasion recently 
compare series field tests compression cylinders made under working 
conditions, which the water content and “slump” had been carefully re- 
corded, with the predicted values Table the report the Joint Com- 
mittee. The results showed relation whatever between the actual and the 
predicted strength. Probably, all the variable factors were known, including 
the personal equation the man making the specimens, the discrepancies 
might satisfactorily explained, but the experience brought forcibly mind 
the fact that there much ground covered before one may confidently 
predetermine the strength concrete under conditions existing the field. 

the definite policy the firm, with which the writer connected, 
make regular compression tests field specimens all important work. 
All engineers should encouraged make such tests standard practice 
important work, order that data may accumulated this subject and 
order that field engineers, superintendents, and foremen may educated 
the importance careful proportioning and mixing. present, does not 
seem that the Joint Committee report should further than outline 
method which engineers may, they desire, leave the final proportioning 
the concrete subject the results tests field-made specimens. 

seems especially unwise the present state the art fix the respon- 
sibility for securing concrete definite strength the contractor. The 
responsibility for determining the proper proportions cement aggregate 
and water should rest the engineer. When the contractor has followed the 
engineer’s directions this regard, well his specification for time 
mixing and workmanship general, has gone far can expected 
go, and should not held responsible for the strength the concrete, 
except where defective work can traced his failure conform the engi- 
neer’s specifications for either materials workmanship. Any other policy 
will result endless confusion the enforcement the specification and 
will work the disadvantage the honest contractor and favor the less 
scrupulous contractor who willing take long chance. 

The following are few detailed criticisms and suggestions for individual 
Sections: 

omitted and that the quality the concrete specified under “proportion- 
ing” noted hereafter. 

separate chapter should devoted Section “Tests Field Speci- 
mens”. The American Society for Testing Material specification referred to, 
only with the technique making, storing, and testing specimens. 
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Additional Sections should inserted cover such items the fol- 
lowing: 


for preliminary tests prior starting work, including meth- 
ods securing fair samples available fine and coarse aggregates. 

2.—Number tests made terms quantities concrete poured. 

3.—Fixing responsibility between the engineer and contractor for the 
making and curing specimens and for the cost testing. 


Chapter IV.—Aggregates—A clause should inserted providing that 
the contractor shall submit, the engineer for his approval, samples the 
fine and coarse aggregate used the work before the orders for material 
are placed. 

Chapter V.—Section suggested that the word “preferably” 
inserted the last sentence read “The water shall preferably 
measured automatic device”, ete. 

Chapter V.—Section suggested substitute for Sec- 
tion 28, cases where the engineer desires specify the strength the 
The proportion cement, water, and aggregate, and the desired 
strength shall given Table 11. 


TABLE 11. 


Portland Fine Coarse Consistency Desired 
| 
| 
| 


The quantity water used shall such produce concrete the 
consistency specified Table 11, determined tests. After the engineer 
has approved the fine and coarse aggregate used for the work, and 
before any concrete poured, will advise the contractor whether any 
changes are desired the proportions given Table order obtain 
the desired strength. The engineer may also any time during the progress 
the work make such changes the proportions water, fine and coarse 
aggregate are necessary obtain concrete the desired strength deter- 
mined tests. Where such change involves increase decrease 
the cost the concrete materials, the price for the work shall adjusted 
provided the contract. 

Chapter 79.—In view the fact that water-proofing com- 
pounds, including hydrated lime, have been used with success many cases. 
and the fact that membrane water-proofings have often failed give adequate 


protection, seems the writer unfair rule out entirely either type 
water-proofing. 
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Torrey,* Am. Soc. (by are few points 
connection with the proposed Standard Specification, which the writer 
would like attention. 

Section 52, fourth line, specifies that form lumber “shall free from loose 
knots other defects”. strict interpretation this wording would require 
the use “clear” grade lumber. this were modified read, “free from 
loose knots other serious surface defects”, would result obtaining 
grade lumber suitable for the purpose. 

with the specification for Forms (Chapter VII), the writer 
believes will desirable, least, make some mention the use metal 
forms. These have reached fairly satisfactory stage development for use 
for circular columns, tanks, and silos, and although the design and detail 
metal forms for walls, beams, and slabs has not, perhaps, reached parity with 
the practice wooden forms, considerable progress being made. view 
the inereasing shortage the lumber supply, any means which would tend 
the wastage lumber, incident the building concrete structures, 
should encouraged. If, after specifying wood forms considerable detail, 
mention made metal forms, there will undoubtedly instances where 
their use will not permitted the grounds that they are (by implication) 
not permitted the Specification proposed the Joint Committee. 

simple statement, the effect that metal forms are used, they shall 
designed carry adequately the loads and constructed and fastened 
give the desired results surface and line (as specified for the wooden 
forms), should all that necessary. 

Section 54, stated that, “wire ties will permitted only light and 
unimportant work”. “Light and unimportant” not definite classification 
and interpretations will probably vary greatly. the writer’s opinion, 
the question whether bolts wire ties should used merely one 
design, every the section and spacing the ties will 
determined the loads carried. Wire ties should not prohibited 
surface discolorations, they can easily back least in. 
from the face the concrete. 

Section 187, the writer would suggest that the mention metal bases for 
the longitudinal reinforcement omitted and that dowels used specified 
Method Metal bases for the longitudinal would undoubt- 
edly efficient the ends the rods and the top the plates were milled 
true and the rods placed that they were full bearing. The metal bearing- 


plate used conjunction with the ordinary sheared rod will nearly 


result undesirable inerease stress the concrete near the bottom 
the 

This due the fact that the vertical rods almost every case will have 
bearing the base plate only single point and under load there will 
for the metal flow until area bearing sufficient cause 
equilibrium reached. When this occurs, the tendency slip the rods 
resisted the bond, and the stress the steel transferred the concrete, 
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and with the sheared rods generally used, only occasionally that one will 
found with the end sufficiently true develop the required bearing. The 
writer has record any extensive series measurements determine the 
amount irregularity the sheared ends reinforcing rods, but measure- 
ments eight samples 1-in. and square rods which were being 
forwarded for test, showed all the ends out square, varying from in. 
in., the average being about in., and this, believes, will found 
fairly representative the sheared rods used for reinforcing. 

Where the condition the ends the rods precludes their developing the 
required bearing the transfer stress will occur over the effective bond length 
and will cumulative, the maximum stress the concrete being reached 
the bottom the column and with normal load and design, will largely exceed 
the allowable working stress. using dowels the over-stressing the con- 
the base the column will avoided, the condition being the same 
for normal column splice. 

Another disadvantage the ordinary metal base plate the fact that the 
lower ends the column rods are not rigidly held position and are likely 
become displaced during concreting. The dowels can set accurately 
the proper location without difficulty and will automatically fix the location 
for the column steel and prevent its being displaced. 

will also found the majority cases that satisfactory metal base 
plate will more expensive than the dowels, and the writer has yet find 
instance where dowels could not have been used advantage. 

The use the metal base plate for columns dates back the earliest days 
reinforced concrete construction and was necessary, that time, comply 
with the requirements the various municipal building codes which differ- 
entiated between the material the superstructure and the foundations. 
Even to-day, the codes some the smaller towns, the limit compres- 
sion for concrete foundations will found tons per sq. ft., whereas 
for brick laid cement mortar tons per sq. ft. permitted. 
what extent the persistence the use the metal base may due habit 
induced long usage, purely matter conjecture, but probable that 
this far toward explaining it. 

the writer’s belief, based experiences with the report the former 
Joint Committee, that regardless whether the proposed Standard Specifi- 
cation intended used “guide for engineers” “recommended 
practice”, will, many cases, used absolute standard and 
contains many points that are not entirely clear, clauses which the wording 
permits more than one interpretation, alternate methods procedure 
are allowed, considerable trouble may result from its interpretation persons 
not fully doing so, along broad lines. 


has done splendid work presenting the Tentative Specifications. That 
all engineers and constructors give careful consideration them neces- 
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sary order that such methods eliminated, that would not, under aver- 
age working conditions, accomplish the desired results strength and 
integrity design, and, furthermore, that any requirements omitted 
modified that might delay add the expense construction, without secur- 
ing commensurate results. 

Section 12.—This section seems somewhat involved and the first part 
made void the qualification the latter part. There should limit 
the organic impurities sand which could fixed desirable, but the 
specifications should permit the use local materials long the requisite 
strength secured. This particularly vital connection with foreign 
work, where the available materials may not ordinarily meet with American 
specifications for concrete aggregates. The specifications finally adopted 
should provide for such contingencies, under the control the engineer. 

Section 19.—It suggested that fresh water should specified unless 
otherwise permitted the engineer. 

Section first two alternative methods proportioning set forth 
this section seem place the responsibility proportioning materials 
the constructor rather than the designing engineer. has 
generally been the engineer’s province specify materials, form, and combi- 
nations for various parts structure. the specifications for steel struc- 
tures, definite strength materials called for, which differs, however, from 
concrete work which more less variable materials are combined the 
work and not the mill definite manufactured product. 

specify proportions cement, water, and aggregate produce certain 
strengths concrete and then give the proportion cement, fine aggregate, 
and coarse aggregate, and, further, require that the water shall produce 
concrete certain seems somewhat inconsistent. would 
appear better and less complicated specify once the proportions cement 
and aggregates for the guidance the constructor after the engineer has 
determined from examination the available material what these propor- 
tions should be. Tests made from time time would confirm the engineer’s 
judgment indicate what changes should made the proportions. 
suggested that Section worded follows: 

proportions shall part Portland cement, .... 
parts fine aggregates, and .... parts coarse aggregate. The propor- 
tions materials shall selected the engineer from Table conform 
the characteristics the best available materials. case the grading 
the supply available aggregate varies from that which the proportions 
were based, such aggregate may used, provided the new proportions, 
determined the engineer, are such produce concrete the required 
strength and quality.” 

also suggested that would well one step farther and specify 
the quantity water used. relatively small variation the quantity 
water has appreciable effect the strength concrete, and the amount 
moisture the sand and the stone may vary considerably. The latter 
element, however, can provided for and considered part the total 
water requirement, and can readily fixed the engineer the job from 
time time give the required total. 
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Table which gives the proportions for concrete having certain compressive 
strengths days, will helpful engineers determining the effect 
various sizes fine and coarse aggregates and the consistency depending 
the quantity water used. The somewhat recently adopted “slump” 
seems have been overworked, and would add the Committee’s report 
supplement the slump characteristics the proportion volume water 
used give the indicated “slump” with standard dry aggregates. Allowance 
can then made for the quantity water the sand the aggregates and 
other contingencies. 

These comments have been made from the standpoint both the engineer 
and the constructor, and with view securing proper strength the struc- 
ture, combined with expedition matters construction. Full consideration 
has been given ordinary construction conditions over wide range 
territory. 

Section 35.—It suggested that water included and that the section 
read “débris and water shall removed”. 

Section suggested that salt, chemicals, etc., shall not used 
prevent freezing accelerating the setting unless authorized the engineer. 

Section mixing should permitted authorized the engi- 
neer. frequently happens that the use mixing machine not justified. 

Section section should made more specific and should state 
how laitance removed. scum laitance accumulating top 
placed under water where concreting has stopped, shall entirely 
removed before any further concrete placed and the surface thoroughly 
cleaned.” 

Section 65.—Future bonding should indicate how reinforcement bars may 
protected from corrosion. 

Section section should worded that the engineer will 
responsible for indicating the location all construction joints. 

Section 79.—This section should permit, the approval the engineer, 
integral compounds, and might well segregate water-proofing into 
least two classes: First, when more the nature damp-proofing; and, 
second, when there more less head water the work. 

Section section states that “sea water shall not allowed 
come contact with the concrete until has hardened for least four days”. 
For concrete deposited under sea water, not quite clear how this 
accomplished. 


Am. Soc. E.—The speaker would 
suggest the consideration provisions increase the life outdoor struc- 
tures. Probably all engineers have been struck with the deterioration 
many outdoor concrete structures. Possibly they have been too content 
with the idea that permanent under any and all conditions. Per- 
haps the Committee would willing undertake the specifying require- 
ments that should made for the protection the outside structures from 
the elements; this would worth while. Engineers add in. in. for 
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fire protection. necessary, under some conditions reinforced concrete 
structures, especially where the section thin, have protective coating? 
is, should that protective coating ordinary concrete, and how should 
applied? Or, should some other means taken protect the concrete 
and reinforcement from the action the That much the deteri- 
oration concrete structures due poor concrete, poorly placed poorly 
proportioned, poor materials true. However, there are cases where fairly 
well proportioned concrete has suffered from weathering conditions such 
manner show relatively short life. Part this trouble due, evidently, 
the changes volume that have occurred with repeated variations the 
moisture content, well with repeated temperature changes. exami- 
nation structures will show, not only checks, but frequently cracks that 
may have come from such sources. Should there not be, then, provision 
for the purpose increasing the life such How may that 
undertaken? That question which seems the speaker, the 
might well consider. 

Reference has been made the desirability having specifications for 
types structures other than buildings. appreciated that the Com- 
mittee cannot consider detail many types structure; and yet there are 
certain salient matters design the several types structures which 
designer who has not had experience the particular type structure. 
would well some way call attention the requirements needed 
such matters. 

Reference has also been made several times, the effect that the adoption 
new changed specifications and requirements will have the cost 
construction. The speaker has heard that change the way increasing 
requirements took value out existing buildings. There seems view, 
some quarters, that all right have re-adjustment, but must always 
re-adjustment downward; this not only important question, but 
rather delicate question. appreciate the position the Committee 
and the difficulties encounters when attempt made change bending 
moments, change the working stress, particularly that working stress 
decreased. must recognized that there intimate relation between 
the cost structures and their design; this must always taken into con- 
sideration. There are complications, however; once certain regulation 
provided, difficult make change. New York City establishes 
working stresses for columns, that seem extreme; if, when the flat slab 
was first constructed, low factor was used certain structures, low 
moment coefficient, and extremely thin slabs; if, Chicago, the establishment 
the flat slab regulation gave requirements which any respect were low; 
if, San some other city, tentative regulations were made 
some other aspect building construction, the feeling seems exist that each 
one these requirements must continue govern any regulation that may 
made. 

The speaker citing this show the difficulty introducing require- 
ment that more exacting than existing requirements; change 


Xp 
q 
q 
q 


642 DISCUSSION CONCRETE SPECIFICATIONS Papers. 


made from existing requirements, some radical objection must made. The 
Committee needs the support engineers making changes upward well 
downward, may see fit; and after considered whether there 
adequate margin between the working stresses and the strength the struc- 
ture, the matter whether the cost has been increased should not large 
factor deciding what do. Cost element importance, but 


relatively temporary nature. few years the cost the buildings 
already constructed will forgotten. 


Turner,* Assoc. Am. Soc. E.—The speaker vitally inter- 
‘ested certain phases the report the Joint Committee: First, 
the preparation standard specification against recommended practice; 
second, the establishment new policy specification for concrete, 
strength instead specified definite quantities materials has been 
the custom the past; and, third, the problem whether the work the 
Committee the direction greater economy the construction 
concrete structures, generally. 

First, difficult write standard specification that can deal fairly 
and justly with the variety structures the field reinforced concrete 
concrete, which presents strong argument for current: prac- 
tice, instead definite specification. The speaker’s inclination would 
favor recording what might considered the best practice based 
experience. 

The second proposition, whether progress research has been 
cient justify the acceptance certain alternates which would bring 
about the specifying concrete terms the strength measured cylin- 
ders days. has been the practice for years for the engineer say 
the contractor that shall furnish certain definite quantities cement and 
aggregate prescribed quality, mix them certain definite way, and 
deposit the concrete work. Having done so, the contractor could assume 
that had performed his contract and would receive the consideration 
prescribed. 

does not seem that sufficient progress has been made yet justify 
such radical departure from past practice. The reinforced concrete industry 
has progressed rapidly during the past twenty years, and the character the 
work has improved; and far the speaker’s experience goes there nothing 
the design construction concrete buildings that makes 
necessary, this time, depart from established practice and accept 
that would lead conditions the industry. 

All engineers and contractors who have made tests, realize that wide 
variations are obtained the strength cylinders. This may due 
lack control assembling the materials, their selection, and mixing, or, 
also, the variation the test cylinders themselves. From the speaker’s 
experience this measure too variable; and adopt the plan requiring the 
contractor furnish conerete definite strength, measured cylinders 
days, bring about condition that will create discussions and dif- 
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ficulties between the engineer and the owner and the engineer and the 
contractor. 

Before such plan could would necessary devise 
some method determining the quality the concrete leaves the 
mixer, that the contractor, when had assembled his materials and mixed 
them, could require the engineer state that the work was was not 
accordance with the contract. the decision left for days, the material 
has been covered and cannot removed. This situation would call for finan- 
cial adjustment between the contractor and the owner not due necessarily 
defective work and not that the building might not ample for the pur- 
pose intended, but because the cylinders which are used for the purpose 
measuring the work, are uncertain themselves. 

the third proposition the effect cost, seems that anything 
which may done this time, the preparation specifications recom- 
mended practice, should effect reduction the cost concrete. 
The speaker recently talked with the Superintendent Buildings New 
York City his observation the working the New York Code with 
respect reinforced concrete. far could recall, without making 
study records, felt that the Code has been successful its operation 
and that did not know any criticism which had come from architects 
the public because any deficiency the requirements. There ample 
factor safety, perhaps greater than required, least greater than 
required other forms construction competition with reinforced 
concrete. 

Twenty years ago, when tests were made concrete cubes, engineers 
obtained the average least 2000 for 1:2:4 concrete. For many 
years, the concrete work done this territory was based tests 4-in. 
6-in. combined with load tests beams and slabs. The New York 
Code adopted practically concrete with working stresses based 
concrete. The buildings constructed and tested have demon- 
strated their safety. 

The primary thought, probably, which underlies the recommendations 
the alternates, require some method developed control the water 
content. not necessary write law secure this. Contractors are 
ready adopt any method that will improve the quality the work; and, 
order secure the benefit better control the water content, only 
necessary broaden education the subject. 


Harrisson,* Assoc. Am. E.—It has been said that certain 


phases this specification present quite shock present practice. 
quite possible that the present condition building ordinances and the time 
that will required for the new facts absorbed, may depended 
act most effective shock absorber. 

The design and construction chimneys has not been mentioned and might 
considered advantage. This work being done almost exclusively 
contractors who have different ideas and theories the subject, some 
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which are unsatisfactory. The standardization design and practice with 
regard chimneys might well incorporated herein. 


Am. Soc. E.—Some the requirements under 
the proposed standard specifications for reinforced concrete would almost 
impracticable every-day operation and, strictly followed, would materially 
increase the cost, and would tend drive out the field many the best 
constructing firms the concrete industry, because their un- 
willingness place themselves position where they might easily become 
involved the many complications possible under this specification, namely, 
lawsuits, delayed payments, and other difficulties. certainly neither just 
nor ethical for the engineer cause the contractor assume the respon- 
sibility for the strength material when the proportioning the ingredi- 
ents, the mixing and placing, have been definitely fixed the engineer’s 
specification. 

The point has been raised how specification such technicality 
might handled supervising engineers charge work. account 
the arbitrary character and severity some its provisions, the interpreta- 
tions will vary widely according the personality the supervising engineer. 
Whenever specifications are too rigidly drawn, there possibility that 
their enforcement will not uniform, and bidders will calculate the 
basis what their previous experience with any particular engineer would 
indicate that would require, rather than the specification itself. This 
places bidders whose estimates are based strictly the specifications, 
great disadvantage. 

This specification has been referred being for the guidance engi- 
neers making their designs and specifications for specific work, 
undoubtedly would used that way those who are thoroughly familiar 
with reinforced concrete construction. 

There are, however, many architects and engineers who not specialize 
reinforced concrete construction, who might use this specification its 
entirety without fully comprehending all its requirements, and under such 
conditions would subject misuse and abuse. This more apt 
true connection with comparatively small jobs; the aggregate these, 
however, usually considerably excess the large jobs. specification 
emanating from endorsed the Society would undoubtedly taken 
standard and used without variation those not fully familiar with the 
intent. 

Taking the proposed specification stands, the responsibility placed 
the contractor for the strength the structure based tests speci- 
mens made twenty-eight days after the concrete was poured place. Any 
slight defect the test specimen, variation the handling storing 
the specimen, fact, the normal irregularity results compression 
tests, might indicate the strength the specimen less than that re- 
quired, but the concrete the structure itself might fully the specifi- 
cations. Cases this sort would result serious complications for all parties 
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involved. After few experiences this kind, the contractor would cease 
bidding for work under these specifications, would not willing take 
the risks involved lawsuits, disputes, compromises, and contentions, 


Past-Presipent, Am. Soc. E.—The speaker’s at- 
tention has been drawn this matter Alternate Section 28. seems 
him that both unethical and inequitable; but aside from that, cannot see 
how can complied with securing results. the desire secure the 
best The contractor who bids specification that contains un- 
certainties, good contractor, will usually add some percentage his 
bid, order cover those but there are always those contractors 
who are ready take risks, and may that after this specification 
tried, will found difficult application that the engineer may get the 
habit giving the contractors the benefit the doubt, which they should do, 
and may lead the reverse what intended. seems great deal like 
asking the contractor guarantee that the stress the bottom chord eye-bars 
bridge shall not exceed certain amount. The disputes that may arise 
later will cause much trouble, that will much better retain the 
custom that seems prevail generally specifications for construction, and 
specify definitely what the different materials are required be, and also how 
they shall incorporated. 

suggestion that comes mind from this proposed specification, this, 
that might well the progress the construction structure 
take samples the work progresses, and test them proposed, and that 
way educate engineers what. may expected. After that has been 
done for some time, sufficient data may obtained which base some such 
specification. 


Tentative Specifications are especially valuable the attention 
engineers, the importance recent investigations and research the grading 
aggregates, and the quantity water used, and placing 
practical form, Table the results researches and experiments. 

The section the specification that seems most controversy, 
Section 28, with its three alternatives, very interesting, and the speaker 
agrees general with those who have spoken with regard the inequity, 
and, certain extent, the impracticability Alternatives and The 
speaker thinks that Alternative gives practicable method using the 
information regard the quantity water and the grading the aggre- 
gate that contained Table 

The speaker looks Alternative Section 28, one for the general 
engineers, and one that can amplified considerable detail 
the writing specification for particular job. Alternative was 
used for reinforced concrete building the City New York, one 
might specify more particularly provisions like the following: 
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“The design this structure based the use concrete such quality 
give compression strength 1500 lb. per sq. in. when tested under the 
rules the American Society for Testing Materials. shall mixed the 
proportion and more water used than that which will give 
slump test case the mechanical analysis the coarse and fine 
aggregate such that Table Standard Specifications the American 
Society Civil Engineers shows less than the compressive strength specified, 
the contractor shall add sufficient cement produce the required strength, 
use aggregates that will produce the required strength.” 

There would very few cases which this specification, applied the 
Metropolitan District, would require any alteration the proportions stated. 
the work being performed some locality which the aggregate not 
well known, after the contractor knows the strength which the design 
based, after has been given the proportions and the quantity water, can, 
from Table see what the mechanical analysis the aggregate should 
produce least the designed strength. The particular quality the fine and 
coarse aggregate with regard cleanliness, hardness, strength, durability, ete., 
are covered the specification for the aggregate, just the qualities the 
cement are covered. the contractor finds some locality which does 
not know experience what may expect from the aggregate, that 
obtaining strength too low with aggregate that quality still 
able, knows that more cement must used, or, otherwise, 
must obtain aggregates graded that, with the same quality cement, the 
desired strength will produced. the majority cases the solution this 
problem will use more cement, will usually easier and 
cheaper than change the aggregate. The contractor will have the only 
variable the quantity cement required, and that the element with which 
best able deal. more cement needed, knows how much 
going pay for the additional volume. insisted that another aggre- 
gate secured, does not know how much will have pay for sand, 
gravel, broken stone imported from some other locality. appears that 
given much more definite status the preparation his estimates 
using Section along the lines suggested than any other way. 

The method suggested not entirely free from objection. not seen 
how possible give 100% protection from risk estimating. The con- 
tractor taking risks the element labor and the cost other materials, 
but making the variable the one the contractor can best deal with, seems 
involve the least element risk. 


Am. Soc. E.—Structural engineers and archi- 
tects who have followed tests reinforced concrete construction are pretty 
well satisfied with the safety factor obtained under present methods design 
and provided the abuses discussed are eliminated. The 
architect desires know whether will build certain school 
building non-fireproof, because the Committee has increased the cost con- 
crete construction under its specifications. 
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The adoption the specifications their present form will materially 
increase the cost reinforced concrete construction and will not even give 
warning many the abuses which concrete subjected the present 
time. The cost construction will increased mainly because what 
considered good concrete according present practice will relegated 
low working stress under the proposed specifications. 

The flat slab, designed under this proposed specification, will contain more 
than designed under the Chicago law the New York law. 
general, columns will also larger, especially the spiral reinforced columns. 

The test any proposed specifications applied when one asks 
how many the present abuses which the material subjected will 
eliminated these specifications are followed? 

order apply this test, the speaker will now enumerate the faults 
concrete, has been constructed, the present time, and would like 
add that should not implied from this list that the bad things men- 
tioned have happened him his personal practice, but come rather from 
general observation reading. 

reinforced concrete structures dur- 
ing construction: The majority these collapses have been clearly proven 
caused weak form design the removal forms time when, for 
some reason, the concrete had not developed reasonable strength. These 
collapses have been shown certain cases have been partly due 
inadequate design, but all cases that have come the speaker’s atten- 
tion, weak design has been contributory rather than primary cause 
collapse. 

Form design cannot safely left the hands the practical man. 
Safe form design involves knowledge the theory hydraulic pressure, 
long column action, strength materials, and dead load computation. There- 
fore, one the most vital principles the prevention collapse the 
inspection forms qualified structural engineer. Nothing this 
mentioned under forms the specifications. 

Another important matter the prevention the removal forms before 
the conerete sufficiently strong take the load. The requirement that 
the proper time for the removal forms shall determined competent 
responsible person covered footnote, and should better covered 
raised type the text. 

the case building collapse caused the removal the forms be- 
fore the has hardened bear its load, one naturally looks 
the specifications for proportioning, mixing, and placing concrete. The 
proposed specifications are adequate, but not sufficiently clear and practicable 
application. 

The usual causes for delayed hardening the concrete are: Insufficient 
quantity cement, defective cement, and the presence impurities the 
fine aggregate, and freezing. 

The specifications cover the amount cement used, but they 
not touch practical methods measuring the aggregate and seems 
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the speaker that the specifications should either accept reject definitely the 
prevailing method measuring wheelbarrows. 

There also question seeing that the proper number bags cement 
into each batch. For instance, batch requiring two bags cement, 
what assurance can given, that possibly one vital batch the build- 
ing, only one bag will placed inadvertently. pretty safe assume 
that such thing will inadvertent, few contractors will take the chance 
skinning cement. Possibly, the wheelbarrow done away with, 
the use triple measuring bins with marks them would serve check. 

The specifications cover and detail the most advanced thought regard 
the protection concrete work from many the abuses already cited. 
they are entirely too technical guide inspector contractor 
job. They should state what done with the cement which 
delivered from builders’ supply company instead coming from the 
mill and should tests from samples taken from the site where 
impossible have testing laboratory make proper mill tests. 

General recommendations are made regard forbidding the presence 
deleterious material the fine aggregate, but the recommendations are 
too technical and would mean nothing contractor architect’s in- 
spector such specifications, they stand, were incorporated the architect’s 
specifications. For instance, how shall the decantation test made? How 
shall the inspector know whether working the presence alkali 
soils? Will required write the American Society Testing Ma- 
terials and obtain its pamphlets this subject 

Recent developments indicate that the presence shale the sand may 
lead the disintegration reinforced work due the absorbing 
qualities this shale. Should not this directly covered the specifica- 
tions 

The speaker has said nothing about the slump test recommended, because 
the quantity water used mixing, although important factor the 
strength and porosity not believed have been, the past, 
the direct cause the serious concrete abuses outlined this criticism 
the specifications. dealing only with the most serious aspects the 
manufacture concrete rather than attempting academic discussion 
the finer points observed obtaining the best class concrete. 

The recommendations regard protection freezing 
weather are good, but rigorous that they will difficult enforce. 

Steel—The speaker. feels that the specifications should 
state the use galvanized steel and the use particularly smooth forms, 
such steel forms, and also the use particularly rich dense mixture for 
the concrete. 

There great deal concrete due the corrosion and 
expansion reinforcement other structures than those directly exposed 
sea water. This generally due the placing the reinforcing steel too 
close the surface, particularly light ornamental concrete, such bridge 
rails, and also defective porous concrete. 
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Here, again, the use galvanized steel suggested and also more rigid 
analyses the aggregate, and the use richer denser mixture. 

in, say, the top and bottom and the bottom the column 
wet current will set up, which will corrode the steel its 
terminus. The subject might covered the specifications far 
state whether not the matter should considered design. 

3.—Faulty Wall methods wall surfacing are well 
covered the proposed specifications. Decorative finishes are not thoroughly 
covered, and nothing said about paints, damp-proof coatings interior 
treatment. Nothing said about plaster bond. 

Floor Surfacing—This important subject covered 
meager fashion. Nothing said about floor hardeners, and other materials 
for rendering floor dust-proof, water-proof, and increasing its resistance 
wear. Nor anything said about paints for coloring purposes. The subject 
chemical products one which definite information much needed. 
The architect and engineer present are much the mercy the manu- 
facturer’s claims. 

Deflection—Many deflect during the process concrete 
hardening and cause cracks the structure. This often caused the 
settling the mudsills uprights, due the softening ground. The mere 
pointing out these dangers often prevention, and the specifications 
should so. 

overloading the structure beyond its 
designed load not clearly forbidden the specifications. 

and Contraction Cracks—The Committee has not yet re- 
ported this most important subject. 

8.—Foundation Settlement.—Equal settlement foundations more im- 
portant the design concrete structures than for those structural steel, 
inasmuch the monolithic connections concrete not give and take 
without cracking, readily steel structures. This subject should men- 
tioned possible danger. 

9.—Defective Reinforcing Steel. high carbon and intermediate 
grade steel bars being weakened the bends have been frequent, and 
questionable whether the minimum radius bending should not specified. 
The reliability “re-rolled” steel question common apprehension. 

The Committee does not explain why reduced the working stress for 
this material below that new billet high carbon steel. The public repre- 
sented the users reinforcing steel has right know the facts 
about this matter. 

speaker criticizes the Committee’s 
tions inadequate and not accordance with modern practice. The best 
modern practice for the water-proofing basements and similar structures 
consists the application well-bonded water-proof plaster. This method 
more economical and much more easily patched than the old-fashioned 
membrane method specified the Committee. 
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The Committee condemns the use integral compounds which 
variance with the experience the speaker and many his contemporaries. 

the American Institute Architects not represented 
the Joint Committee its subsequent deliberations, the architect will lose 
confidence its specifications and more likely rely the sales 
engineer who will willing design economical structures, even they are 
not the rules. 

Many the present abuses construction will continue, due 
their not being covered the specifications. 

The cost concrete designed and constructed under these specifications 
will increased. 

The specifications are not sufficiently practical sell themselves the 
practical constructor. 

The specifications even they now stand have educational value 
the technical man. 

The specifications have great potentialities toward the improvement, stand- 
ardizing, and popularizing reinforced concrete, they are made complete 
and presented either the form technical authority simplified with 
practical working form. 

The speaker regrets appear take position the invaluable 
work presented group able men who have worked long and 
disinterestedly. 


speaker desires say few words for the 
Architectural Profession. The architects have not been identified with the 
work connection with the preparation this report, but they are much 
interested it. 

Architects are responsible for the structures they design, whether not 
engineer employed. very small percentage architects employ com- 
petent, consulting experts. The larger offices have experts their technical 
staffs, and there question about the responsibility for ultimate results. 
The Architectural Profession deals with large quantities concrete struc- 
tures every day, without consultation with engineers. Architects have con- 
tribution experience make, and, doubtless, they have much learn. 

There are many things this specification which seem the speaker 
vital interest the architect. has not analyzed carefully, but 
understands that, generally speaking, the size concrete columns will 
increased. That matter great interest the architect, because both 
increases costs and reduces the available floor area the building. this 

good practice, the interest public safety, let adopted 
means. The speaker sure there have been failures New York 
City due bad design. There have been many failures due bad execution, 
but few, any, that can traced bad design; and where floor area 
sacrificed the commercial building well increased cost the work, 
architects are directly and vitally interested. 


New York City. 
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The final results the Committee’s work should acceptable, not merely 
because engineers say so, but because the architects have been self-convinced. 
Architects wish co-operate with the Committee any and submit 
their ideas, with view securing perhaps better, or, least, more 
readily acceptable specification. 


Lucas,* Am. Soc. E.—This specification, the speaker’s 
opinion, excellent almost every respect, and great improvement over 
those general use. However, the opposition, not only from general con- 
tractors, and contractors specializing reinforced concrete construction, but 
also from engineers, makes apparent that its adoption this time would 
result tremendous upset the industry, account its radical changes 
current practice. 

There doubt that the value most the provisions the specifica- 
tion generally recognized, and the specification whole approved 
principle, but the difficulties and dangers attending its immediate adoption 
and application seem far outweigh the benefits derived. 

Experience subway construction New York City has shown that the 
manufacture concrete one the most difficult operations control, 
spite the excellence and uniformity aggregates obtainable the local 
market. This largely due the numerous operations, under way one 
time, the many contractors who often are differently equipped and use 
different methods working. addition, some the works there are 
special problems construction. has taken years constant effort and 
close supervision approach uniformity concrete the various works, 
even under identical specifications. 

Some the many problems were, standardization aggregates, methods 
mixing, measurement ingredients, and the use water, apparently, all 
which are easy solution. The standardizing aggregates, including 
sand, gravel, and broken stone, required changes the methods production, 
involving changes equipment and operation several long established 
commercial plants. 

order control these materials, became necessary inspect them 
their source, and carefully supervise their handling, shipping, and delivery 
the various works. Considerable time was consumed accomplishing 
this one result. study mixing devices, testing the concrete made 
various types machines, developed approved types and the time mixing 
required. 

Measuring methods and devices, for aggregates common use, were con- 
stantly checked and were found generally unsatisfactory, since the measures, 
unless carefully watched, were subject overcharging undercharging, 
careless workmen. Recently, the specifications have been changed, requiring 
measuring boxes exact volume for each size batch mixed, and that each 
and every measure struck. provision has been made, also, for the con- 
trol the quantity water used for each and every batch. 


Div. Engr., Transit Comm., New York City. 
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The revision even minor provision the specification, such that 
covering the measurement aggregates, may require considerable study 
before arriving satisfactory solution. The provision referred de- 
signed produce more nearly exact method measuring, and was adopted 
only after practical tests the works demonstrated marked increase 
strength concrete due accurate measuring. 

When considered that, during the building Rapid Transit rail- 


there were, one time, under construction four Boroughs New 


York City, works under separate contracts, the problems met were 
similar, sense, those that will encountered promulgating specifi- 
cation for general use matter how broad and all-inclusiye may be. 
For complete success, careful and perhaps gradual introduction the 
various provisions the specification necessary. 

The results obtained accurate measuring were developed test 
conerete made the work, using the contractor’s workmen and equipment 
for mixing, and the engineers the Transit Commission for measuring 
aggregates and water. The mixer was the rotary type, using one bag 
cement the batch. The aggregates were standard inspected sand and 
gravel, taken from the contractor’s stock piles; accurate measuring boxes 
were used and all measures were struck. The water was accurately gauged 
and for each proportion aggregates used, did not vary more than fraction 
volume. The concrete was made three proportions: 
and poured into forms, and simultaneously into 16-in. 
cylinder moulds for test specimens, nine specimens being made for each pro- 
portion. The results the tests these specimens were remarkable that 
the compressive strengths were far beyond the usual strengths obtained here- 
tofore the work. Although the control water, doubt, had decided 
influence the strength, nevertheless, from experience with concrete similar 
consistency, the evidence proved that the accurate measuring aggregates 
had decided influence the strength obtained. The cylinder specimens 
were made simply pouring the concrete into the moulds with only suf- 
ficient manipulation fill them completely, tamping, ramming, shaking 
being permitted. This method making test specimens was adopted for 
giving comparative strengths concrete made the various works and for 
the purpose standardizing and improving concrete manufacture. was 
necessary make specimens this way account the various consistencies 
used. practically impossible adopt uniform method manipulation, 
approaching that the concrete the structure. The strength the speci- 
mens, therefore, does not represent the strength the concrete the struc- 
ture. Concrete test specimens cut from the wall are stronger than the cylinder 
test specimens made from the same concrete, due, doubt, the manipula- 
tion received the conerete the structure and the head under which 

The moulded specimens are tested and 90-day periods, and the speci- 
mens cut from the structure are tested the 90-day period only. Neither 
the specimens nor the-specimens cut from the wall are stored under 
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conditions identical with those surrounding the structure. The cylinder test 
specimens when poured are allowed set the moulds for hours the 
site the work. They are then transferred the curing room, stripped, and 
stored. The specimens taken from the wall are cut days after 
the concrete placed, then dressed and placed the curing room with 
the cylinder specimens for the remainder the period. 

the speaker’s opinion would entirely impracticable rely 
specimens cut from the finished concrete work under construction, for the 
purpose determining the suitability the work proceeds. The 
specimens certainly determine the strength the particular concrete from 
which they are cut, but case their failure, there would difficulty 
proving the unsuitability all the concrete tests specimens taken from 
one part the structure. The engineer’s supervision and control the 
manufacture concrete should such assure him its quality while 
being placed, and he, general should assume the responsibility the 
character the concrete. can determine tests advance con- 


struction the quality aggregates and the proportions each necessary 
produce satisfactory concrete.. 


usefulness and success concrete for 
structural purposes depends great extent its ultimate cost and its 
ability fulfill requirements strength and durability. Consequently, 
interest the client that the formulas, stresses, method design, execution, 
ete., considered with great care, otherwise concrete will dangerous, 
the formulas, ete., are too liberal; and the requirements are too rigid, the 
cost will prohibitive and thus prevent the project from proceeding will 
necessitate, many cases, the use non-fireproof construction. 

The speaker desires make suggestion, using Section illustra- 
tion. Would not the interest all concerned review and modify 
items sections, capable more than one interpretation indefinite 
nature, such way that only one interpretation can made and only one 
person responsible from the time its inception the time completion 
any specific item. The second alternative Section begins, “The con- 
tractor shall use materials *”, which means that when the contractor 
estimates work specified under this Section makes his own selection 
aggregates and proportions which puts price. Assume that the 
work awarded him. What happens next? This Section then states, 
effect, that the engineer shall make the determination. The responsibility and 
authority are then apparently transferred from the contractor the engineer, 
and, would seem, place burden the cost the work the detriment 
economy. The contractor who has studied this section, will certainly 
figure what thinks right and then take guess what thinks the 
engineer will later. Divided authority and responsibility, or, matters 
capable more than one interpretation, not make for harmony, accuracy, 
economy, all which clients have the right expect. 


Engr., John Wiggins Co., Inc., Philadelphia, Pa. 
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the speaker has heard discussion. The architect the smaller cities fre- 
quently has rather small reinforced concrete work, such three four-story 
warehouses small office buildings. wishes use reinforced concrete 
floors, but exceptional has any one his office who can design 
them properly. representative from manufacturer reinforcement comes 
him and will offer design that concrete floor for nothing, and the 
architect accepts the offer. The architect often feels that may criticized 
limits competition and, therefore, inserts the phrase “equal to” 
“approved”. Could there not specification for reinforced concrete, 
whereby the architect could tell the manufacturer’s engineer lay out and 
the work according this specification 

For large part both reinforced and plain concrete work, the specifica- 
tions could prepared that they could complete, full, and clear, and incor- 
porated the specifications the architect engineer without having 
copied. 

Sometimes question dispute, difference opinion, could settled 
specifying the result rather than the method. the result that 
wanted. For example, architects not specify that woodwork shall given 
two coats such and such materials applied certain specific ways, because 
they want any one those materials methods. They would much rather 
able specify that the woodwork shall according registered sample 
and that the finish shall neither crack peel otherwise disintegrate for 
three four years. However, not practical this. Much the dis- 
cussion has been about methods, and would appear that, some cases, 
least, the easiest way would specify the result and not the method. 

The specifications for architectural terra cotta will serve example 
what can done along this line. The National Terra Cotta Society 
about six years finding out what was bad terra cotta, and the specification 
had prepared listed what was bad terra cotta. Architects were not inter- 
ested bad terra cotta, except that they did not want it. The specifications 
are now being revised and attempts are being made speeify what good 
terra cotta. the Tentative Specifications some these principles might 
applicable and might assistance clarifying some the points 
which there are differences opinion, especially when the differences are 
those method rather than results. 


nection with the Tentative Specifications that seem important from the 
standpoint the contractor. Section implies that the contractor shall 
maintain laboratory the job or, least, that provide the facilities 
which tests concrete cylinders can made advance starting the work. 

Experience indicates that there great variation the strength test 
cylinders, and the speaker has mind job where the tests varied greatly, 
even though they were made under the direct supervision the architect. 


Technical Secy., Structural Service Committee, Am. Inst. Architects, New York City. 
Constr. Stone Webster, Inc., Boston, Mass. 
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There was much variation, and some the samples. tested low, that 
brought grave question about the safety the work; and order 
arrive some proof the strength the concrete the building, test 
specimens were cut from the wall and trimmed down the dimensions neces- 
sary for testing. The test specimens cut from the wall showed much higher 
strength than the cylinders which were taken from the mixer the time the 
wall concrete was poured. The tests removed all doubt the value the 
conerete the building. seems the speaker that tests made from 
aggregates that vary greatly, even from the same source supply, are not 
much value fixing the mix that must used order arrive pre- 
determined strength; other words, the specification presumes that con- 
crete can purchased much the same way structural steel, and does 
not seem possible the present state the art determine the exact strength 
concrete, even from mix certain definite proportions, owing the 
variable characteristics the aggregates. This specification places the 
contractor responsibility should not expected assume the present 
state the art. 

Improvement methods mixing, measuring, and proportioning the 
water may eventually permit the determining, least great deal more closely 
than possible the present time, the resulting strength concrete. 

Another point connection with the specification, which seemed rather 
the provision, Section 79, that integral water-proofing shall 
used. The speaker has seen many instances where integral water-proofing 
with hydrated lime some the prepared mixtures the market have 
given results less expense than membrane water-proofing. has seen 
failures membrane water-proofing, well many instances where sat- 
isfactory water-proofing has been obtained the integral method, little 
extra cost over that the concrete. 

Section 31, “Time the Mixing”, calls for interval min. for 
mixing, with the mixer revolving peripheral speed about 200 ft. per min. 
believed possible with properly designed mixer, revolving the proper 
speed, mix thoroughly the ingredients less than min. and obtain satis- 
factory results. main consideration arrive the minimum cost 
the completed structure, and possible mix concrete satisfactorily 
min., instead min., would possible reduce the labor cost. 
There appears reason for placing such limitation the time 
mixing, providing can done properly less time. 


Drxon,* Assoc. Am. Soc. E.—The speaker convinced that 
difficult write specification for concrete and reinforced concrete, which 
will satisfactory for use connection with such different forms 
tion buildings, roads, bridges, reservoirs, retaining The results 
desired these different forms construction are not the same. For the 
building road may necessary write specification which places 
great emphasis the strength and resulting resistance abrasion the 
concrete the 28-day period, whereas, for buildings and many other struc- 


Vice-Pres., Turner Constr. Co., New York City. 
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tures, the strength the concrete days minor importance com- 
pared with its strength the later periods. attempting write specifica- 
tion universal scope, the tendency will insert provisions sufficiently 
drastic provide for the most unfavorable condition that may encountered 
any one the various forms construction. 

The writing universal specification requires the use many alternates, 
which objectionable, unless the conditions under which the different alter- 
nates are used, are clearly set forth. difficult insert desirable 
explanatory and cautionary clauses standard specification and, therefore, 
well consider whether greater benefit would not secured the 
conclusions were the form practice rather than formal 
specification. 
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QUALITY CONCRETE. MATERIALS. 
PROPORTIONING AND MIXING CONCRETE. 


the Tentative Specifications are the three alternate provisions for “Propor- 
tioning”, Section 28. The writer the opinion that Alternate No. and 
No. are neither reasonable nor practicable application. 

When construction job under consideration, the engineers are charged 
with the duty studying the site, designing the structure, and specifying the 
materials used. The engineers have ample time investigate the possible 
sources aggregate and make the necessary tests different mixtures 
give the results required the design. 

unreasonable and unfair require the bidders make the same 
investigation the limited time usually permitted for preparing bids. There 
are awarded many pieces work which the time given would not permit 
28-day test, and considering the possibility failure such tests, 
made, there would succeeding 28-day period permit the bidder test 
different mixture. 

The profession should not forget that the bidders are taking the major 
and that all efforts should made the engineers reduce these 
chanees minimum, not only for the reason fairness, but also, economy 
the the work. 

appears the writer that both Alternate No. and Alternate No. will 
affect shirking the engineer’s responsibility. There practical method 
adjusting the contract case concrete already placed the structure 
found defective after the receipt the report 28-day test. The speed 
with which concrete now placed would insure most cases that the defective 
material was completely buried subsequent construction before the receipt 
the report test, leaving only financial adjustment available. One can 
conceive more effective incubator lawsuits. 

There just analogy between such requirements for concrete for 
other material such steel, for example, because, the latter case, the 
material can and always tested before being incorporated the work, 
and its failure with the requirements the test will lead its 
rejection, whereupon sold for some other work which the requirements 
are not rigid. 

The writer sees objection, however, incorporating with Alternate 
No. provision the general sense the following: “The Contractor 
may submit any time during the progress the work alternate mixture 
from that above specified which proved the satisfaction the Engineer 


Cons. Engr. (Parsons, Klapp, Brinckerhoff Douglas), New York City. 
Received the Secretary, December 8th, 1921. 
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will give the strength desired and specified, will accepted lieu the 
mixture above specified”. 

this manner, the engineer will the responsibility 
properly studying his problem before asking bidders risk their money and 
reputation, the same time, permitting the substitution cheaper mixture 
the contractor able prove sufficiency for the strains 
assumed the design. 


worded these Specifications, “quality shall expressed 
terms workability, determined the slump test and the compressive 
strength twenty-eight days”. The writer believes that this statement, 
too much dependence placed the slump test, because from past experience 
has not found reliable. This test effected factors other than the 
so-called consistency the concrete, for example, the size coarse aggregate, 
and, some extent, qualities both fine and coarse aggregate. Consistency 
now being studied and the writer would not surprised, the slump test 
ever standardized, that will different shape mould than used 
present. 

The writer believes this Section refers only Paragraph Section 
and, therefore, used all, should placed under that paragraph. 

Chapter sub-divided into three methods proportioning. The first 
paragraph Section outlines practically the method used the present 
time, with the qualifications that these proportions based concrete tests 
made the engineer. such cases, the engineer the one responsible for 
the quality obtained. Paragraph Section 28, the responsibility apparently 
rests entirely with the contractor. The writer can conceive this being 
workable with some the large construction companies which have ample 
facilities for testing and investigation, but such facilities are the exception 
rather than the rule contracting organizations. There also, the assump- 
tion that the strength concrete can always predetermined from moulded 
test specimens. The writer does not believe that such the case, least, 
after doing considerable amount work along this line, has found that 
specimens, cast under field conditions, not always indicate the strength 
the finished concrete, with any degree accuracy. 

Under this method also can see where, the materials change any 
extent, will require changes proportioning, which, many cases, would 
difficult.. Each contract would have have connected with field testing 
laboratory. 

Under Paragraph apparently the engineer assumes responsibility for 
the quality the concrete, and from this standpoint, should have very little 
control over it, but the test specimens would made under his supervision, 
and would have decide whether the quality had been secured. cases 
where had not been secured, the writer has been interested know what 
the procedure would be. When one considers that concrete tests are usually 


Engr. Tests, Pennsylvania State Highway Dept., Harrisburg, Pa. 
Received the Secretary, December 2d, 1921. 
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made the 28-day period, can realize that some work would finished 
before the quality ascertained. 

Paragraph Section noted that predetermined proportions 
are used from Table attached this report, which gives the propor- 
tions various kinds aggregates meet certain strength test. This 
theory proportioning has been discussed with considerable length during 
the past several years, and along with its good points, many objections its 
use have been presented. The writer believes that could used guide 
where the engineer wishes, but should stated the text, rather than 
advise its use. 


specifying the quality the concrete given Section differ considerably. 
The speaker not sure that understands one feature the first method. 
states that “the proportions shall part Portland cement, .... parts 
fine aggregate, and .... parts coarse aggregate, determined the 
and the footnote states that “the engineer shall fill these 
blanks”, presumably, sometime before the concrete mixed. first the speaker 
thought that was the intention have these filled out before the contractor’s 
bid was made, but cannot see how contractor can bid intelligently pro- 
portions that are filled afterward some one else; the contractor will 
much the dark the proportions desired the one who will have the 
decision. The first method, seems, may well modified somewhat, as, 
where materials certain character are available and the proportions are 
agreed advance, that the contractor may able make his bid with 
advance knowledge the requirements. 

With reference the second method the speaker not surprised that the 
contractor unwilling the present state the knowledge concrete, 
take the risk, assume the responsibility. the side the especially 
the public, works, there another reason why this method may 
undesirable. There are good contractors and other kinds contractors. This 
has been about those who are reliable and trustworthy. one had 
deal only with responsible contractors, would all easy. There also 
difference between private work and its control and public work which has 
done under certain restrictions and certain ways. 

Another matter importance that the contractor determines the 
proportions, the engineer would have give control. longer could 
say, you are not using enough cement you are using too much water that 
the not being mixed well enough. would have give the 
control the contractor and then, later, assume the burden proof 
thought the construction faulty. seems the speaker that the engineer 
ought retain that control and that responsibility, especially public 
work, 

There another matter that seems need consideration. The tests are 
made field concrete, with the quantity water which used 
the put the work. The specimens made with considerable water, 


Prof. Municipal and San. Eng., Univ. Illinois, Urbana, 
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reinforced concrete, will have meet the required strength. When 
this wet material placed the structure, some the water will worked 
out, and, therefore, the resulting concrete will better than the concrete 
the specimens. does not require much work take appreciable quantity 
water out concrete. Tests concrete such consistency would 
used building, the mixture containing 40% more water than that 
which ordinarily known normal consistency, showed, with the use 
light roller lightly applied, reduction the water from 1.40 
relative water content 1.29. Spading the concrete, frequently done 
placing the around the forms and allowing the excess water 
run off, took out 12% the water, reducing the relative water content 
1.23. Tamping the concrete placing plank over and using 
hammer for short time, took out 12% the water. Ordinary 
methods tamping took out 12% the water. This reduction the water 
content before the has taken its final position and before 
gins set, will result strength very much the same though the 
quantity water finally the had been used mixing originally, 
and, therefore, will result greater strength than that given field 
specimens. 

Not many discussors have referred Table connection with the 
third method specifying quality given Section 28. The speaker would 
unwilling use work which had charge. Judging from his 
edge concrete, uneven strength. will produce concrete uneven 
workability for the same slump. course, striking example 
the cement content required with increased slump; the values 
some places for concrete give quantity cement cubic 
yard for the 8-in. slump, twice great that for 1-in. slump. 
Thus, emphasizes the increased cement required for the wet mix. would 
appear that for the materials the speaker has used, some the mixes will not 
give the desired strength and others will over-run. This goes show the 
difficulty making table that all general, which may used 
specification even guide. Some the mixtures seem not provide 
for good quality concrete. somewhat different proportioning the 
same materials might well used some with resulting better 
quality concrete, the mixture might changed require smaller 
quantity cement. 

Although great advances have been made, the state the art not yet 
perfected. Good concrete has been made for many years, but further 
edge needed. The slump test, course, not accurate means for 
determining the workability concrete for all varieties material. Certain 
relations that have been used, are advantage making comparisons; the 
water cement ratio useful for the same materials, but not enough known 
state that can used comparison different classes materials 
and different proportions. law may apparently true the average 
large number tests for materials particular kind; materials used 
single job may vary considerably from this law, much that the law 
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may not properly used for specifying what the mix should be. The speaker 
says this because feels that more information needed before accepting 
some the newer methods specifying the proportioning concrete. 


Moran,* Am. Soc. Section 26, stated that the 
unit measure shall the foot; and stated that 
the material shall measured volume weight. The speaker thinks that 
the unit measure for volume should the cubic foot. objects the 
principle involved the first and second paragraphs Section 28, that 
the test the concrete determined long after the materials have been 
mixed. seems the speaker that thoroughly impracticable specifica- 
tion. leaves the contractor the determination the proportion which 
shall mix the materials that have been specified, that definite and 
desirable result shall achieved. seems that the engineer’s job 
instruct the contractor what proportions, and what materials the concrete 
shall made. The same applies the third paragraph Section 
28, “Proportions”, because, case the aggregate varies, may used pro- 
vided the new proportions determined the engineers are such produce 
the required quality. seems the speaker that the duty 
the engineer see that the cement, the sand, and the aggregate are 
proper quality, and then, see that the contractor mixes them properly. 
tell the contractor, however, that must mix materials such, that, the end 
days, the concrete shall certain strength, leaves open for the 
contractor ask the engineer, “How shall mix attain this 


Moreover, the practical execution work under these specifications, 


the conerete place, did not come the 28-day specification, the en- 
gineer could call the contractor remove it. the speaker’s experience, 
would difficult that time obtain the owner’s, the contractor’s 
consent the removing work that had been placed under the engineer’s 
specification. the the contractor use certain proportions 
the materials has specified and, later, condemns the work because the 
laboratory strength not the same wanted days, then the order 
remove the unreasonable and unenforceable. 

Under Section 30, “Mixing”, and under Section 31, “Time Mixing”, 
stated: 


“The mixing each batch shall continue not less than min. after all 
the materials are the mixer, during which time the mixer shall rotate 
peripheral speed about 200 ft. per min. The volume mixed material 
per batch shall not exceed the manufacturer’s rated capacity the mixer”. 


This passes the responsibility the manufacturer the machine. 


asked rate the machine and then his rating used measure. What 
prevent manufacturer from over-rating his 


Am. Soc. speaker has some remarks 
offer the subject Chapter with particular reference proportion- 
ing. The object the new specifications make available the pro- 
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fession recent advances the art making concrete and reinforced con- 
crete: First, there are the advances design; and, second, there the progress 
the manufacture concrete. The latter the subject under discussion, 
particularly concerns the grading, measuring, and proportioning the 
aggregate and the selection the appropriate proportions cement and 
water. Third, there the subject tests, especially tests determine the 
quality the finished product. 

The problem the Committee has before it, decide how best make 
the advances the art available the profession. The speaker will revert 
this subject merely express his growing doubt the advisability 
presenting outright specification. His inclination would toward the 
presentation statement recommended practice. Such statement has 
the advantage being more tolerant than specification. fact, would 
permit presentation alternatives, and some cases perhaps even minority 
reports would appropriately included. Surely not for the best interests 
the profession set forth point with all the appearance settled 
authority when actually still matter debate. 

The beneficiaries this admirable work the Joint Committee are pri- 
marily the engineers and the architects. they are the only bene- 
ficiaries, there would seem need for such alternatives are set forth 
under Section 28, “Proportions”. that event specification, recom- 
mended practice might preferably put forward, whereby proportions are 
determined and varied according the results tests. Where the making 
tests impracticable, table such Table could presented. 
view the fact that statement recommended practice would not 
clothed with the authority specification, would seem that there would 
less danger that clauses might blindly copied for situations which 
they are inapplicable. 

However, the Committee has gone far attempt make the ad- 
vance the art applicable the relations between the owner, the engineer, 
and the contractor. The kind contract referred that which let 
lump-sum basis fixed unit price basis. the subject propor- 
tioning (Section 28), three options are submitted. the purpose ex- 
amining these three options, let assumed that desirable draw 
rigid specifications, applicable contracts. 

The striking feature the second option, which clearly places responsi- 
bility the contractor. order that the speaker’s point view may 
clear, wishes state that different times has played the the 
engineer and the contractor and, therefore, has sympathy for each. The 
advantages and disadvantages placing such responsibility the contractor 
are somewhat follows. 

The advantages appear primarily two number: First, the clause 
fulfils desideratum from the viewpoints both owner and engineer, that 
involves guaranty performance. Such guaranties performance are 
generally desirable. purchasing electric generator hydraulic 
turbine, practicable specify the efficiencies and refuse accept 
the machine make payment case the efficiency guaranties are not 
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met. Undoubtedly, guaranties performance are general more readily 
obtainable the mechanical engineer than the civil engineer, taking into 
account the differences between the machines materials with which they 
respectively deal. the Civil Engineering Profession, entirely 
practicable, for instance, obtain structural steel that will meet specific 
guaranties. These guaranties are tested means specimens, such tests 
generally being made before the material shipped, and, fact, before 
even fabricated. Test specimens steel offer better indication the 
strength steel than tests concrete cylinders other concrete test speci- 
mens, offer with regard the strength the structural member 
manufactured from concrete similar character. The art manufac- 
turing concrete has not yet progressed the point where possible 
deal with concrete the same manner with steel. 

The second advantage that, under this guaranty-of-performance option, 


contractors would find incentive lend their utmost assistance toward 


obtaining the desired result. slur contractors general state 
that the second option preferable from this standpoint. 

the disadvantages, the first is, that this second option allows 
the engineer “wash his hands” responsibility. Should 
ready The propriety supervision the manufacture con- 
crete has been admitted almost universally. The speaker believes that there 
more need that supervision present than there has been the past, 
the sense that the need supervision recognized even more keenly. 
There important piece concrete work involving some millions 
dollars with which has been associated and part which there has 
been trouble the quality the concrete. The work not finished. 
the work were completed, and the speaker were connected with 
engineer, would not wish avoid responsibility for that 
would not willingly allow contractor pursue such methods manu- 
facture concrete the contractor pleased, limited only the require- 
ment that certain test cylinders show proper test strength the end 
days. 

This leads the second disadvantage, namely, that the tests cylinders, 
proposed, would not show accurately reliably, the strength the finished 
material structural member, place. Evidence this point was given 
Mr. Lucas, who stated that, from consideration many tests, made 
under his supervision for the Rapid Transit Commission New York, 
clear that the results from test cylinders vary and are inconsistent. 
was positive that the results tests cylinders cast separately are not 
typical, least are not reliably indicative, the strength the finished 
structure the strength test specimens cut from the finished structure. 

Third, believed unfair place such responsibility the con- 
tractor. One might even say that unethical. The engineer should not 
shirk responsibility. The speaker agrees fully with Mr. Moran’s statement 
the unfairness making contractor wait for days before 
knows whether the piece work has erected, going accepted. 
the work reinforced concrete building construction, involving number 
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stories, not unusual for contractor erect building the rate 
story every days, far concerns the columns and floor slabs. 
the basis the 28-day cylinder tests, the contractor might easily erect 
two three stories above given floor before could learn whether that 
floor was acceptable. entitled know much earlier whether his work, 
and, particular, his proportioning, acceptable. 

fourth disadvantage lies the difficulties making the scheme prac- 
ticable. These difficulties are mainly other than engineering nature. 


are indicated somewhat the fourth footnote, page 74.* Inquiry has 


elicited information that not contemplated that the contract clause (in- 
dicating “procedure followed ease tests show that concrete the 
specified strength has not been obtained”) should preclude punitive measures, 
involving presumably monetary penalties, nor remedial measures, nor meas- 
ures for the control the further manufacture concrete for the work. 
Measures for the latter purpose would really the most important; but, 
regards such measures, the same result can obtained other means, 
will pointed out. Measures involving penalties, the other hand, 
only lead lawsuits, and remedial measures, the extent that they involve 
replacements the expense the contractor, would likely lead the 
same end. 

Consideration the foregoing advantages and disadvantages indicates 
marked preponderance disadvantages, not merely number, but also 
importance. Under all conditions, therefore, the speaker would strike out the 
second option. 

Where tests cannot made, the third option seems satisfactory. For 
contract work that sufficient importance support the making 
tests advance and throughout the progress the work, proposed 
modify the first option follows: 


(1).—For the information all concerned, state the aim strength 
(that is, reference Section 4). 

(2).—Specify (that is, reference Section 29). 

(3).—State sources supply and classes fine and coarse aggregate. 

tentative proportions, based the grading the aggregate 
and the required workability, actual tests. 

(5).—Provide for subsequent variations the proportions the aggregate 
between fine and coarse aggregate, such variations specified the 
engineer the light the results tests made from time time 
during the progress the work. general, contractor will readily assume, 
without additional charge, the risk minor losses which might result from 
variations proportions aggregate. The speaker had experience with 
important contract job where the contractor agreed advance make changes 
proportions aggregate from time time the engineer might specify. 
The speaker asked the opinion the chief engineer one the most im- 
portant contracting companies the field concrete and reinforced con- 
and was informed that, his opinion, the resulting differences cost 
would negligible. 


Proceedings, Am. Soc. E., August, 1921. 
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(6).—Provide for corresponding variations proportions cement 
aggregate. Unlike the preceding adjustment, however, variations propor- 
tions cement call, fairness, for money adjustment with the contractor, ac- 
cording the difference quantity cement actually required, compared 
with the quantity required under the tentative proportions. Such pro- 
vision actually workable. alternative method, the owner would 
furnish all the cement, trucks the work. This alternative 
was utilized the speaker piece work without involving difficulties, 
despite the fact that the work was importance and the contractor the 
kind who does not avoid making difficulties. 


specification such proposed the foregoing possesses the advantage 
that the engineer has the concrete under control throughout the job, how- 
ever, without involving any unfairness the contractor. There nothing 
prevent co-operation the contractor toward the mutually desirable end 
obtaining concrete the best practicable strength and greatest practicable 
life. Reputable contractors would naturally their utmost toward that end. 
fact, the advantage the contractor from the stand- 
point self-interest, for contractor desires the reputation having made 
poor concrete, and the records failure are entirely too many. 

Finally, specifications are applicable fixed lump-sum fixed 
unit price contract work, and the three proposed options are retained, 
certain minor suggestions are offered: 

the first option, Lines and Quality Section defined 
effect including strength and workability. Therefore, the present con- 
nection, the word “strength” superfluous. Perhaps would better still 
specify that the proportions shall such produce concrete the 
strength specified Section and workability (consistency) specified 
Section 29. 

First option, Lines and The phrase, “as determined the engineer 
from concrete tests the materials used”, should placed foot- 
note because merely recommends the means whereby the engineer may fill 
the blanks. 

Second option: cases where the second option used the first and 
third options would not appear; the second option, therefore, should contain 
further definition “required workability and strength”, presumably 
reference Sections and respectively. 

Third option, Lines and The statement that “the proportions ma- 
terials shall selected from Table should likewise placed foot- 
note. 

Third option: would seem advisable specify workability. fact, 
workability must fixed order that the engineer may specify proportions, 
for, order utilize Table must enter means assumed 
slump, which stated the measure workability. 


Assoc. Am. Soo. E.—A little more than year 
ago, the following order was placed with one the leading testing labora- 
tories: 


Vice-Pres. and Treas., Thompson Binger, Inc., New York City. 
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“We desire know the best proportions cement, and the aggregates 
our disposal, use order obtain mixture having compressive 
strength 400 per sq. in. days.” 

report was received which contained full specifications governing the 
test, together with the following statement: 


“Our and experience indicated that the mixture 
was most likely bring about the required compressive strength 
2400 per sq. in. days.” 

The results secured this testing laboratory were, the whale, satis- 
factory. The three 12-in. cylinders, crushed days, had com- 
pressive strength, pounds per square inch, 2326, 2248, and 
respectively, average 2261. These tests were made within one day 
after the cylinders had been removed from the damp sand. The data used 
securing the above mixtures were: 


Fineness modulus the 
Proportion, fine coarse aggregate....... 


The laboratory suggested in. slump for the tests, which was agreed 
was necessary chute the concrete. The area the building was 
small that was essential for men working practically all over the 
floor while the concrete was being poured. From past experience had been 
found that slump between in. and in. for concrete with small-sized 
aggregate, averaging less than in., such was being used, gave satisfactory 
results. 

contract was entered into with another prominent testing laboratory 
take complete charge the making, curing, and crushing 
cylinders the concrete, used the columns. was agreed 
that three cylinders should made from the column concrete each story. 
The tester took the samples small lots from the chutes until had secured 
sufficient quantity fill cylinder with concrete that considered repre- 
sentative single column. the usual manner, the cylinders were kept 
damp sand 70°, and tested days after having been exposed the 
air hour. 

The results were astonishing, and caused some concern until was 
realized that they were not indicative the true quality the concrete 
particular column and its variation from the others. One more daily 
slump tests were taken throughout the operation, and the water the mixer 
measured with fair degree rigidity. The slumps averaged in., probably 
never being much less than in., more than in. Mention will made 
later the conflict here with Table the Specifications. 

Although conditions were fully uniform they are likely 
average concrete structure, results were secured which seem erratic, when 
one contemplates the individual test specimen. The average for all tests 
2151 per sq. in., and the plus minus average deviation the individual 
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cylinder from the mean 224 lb., 10.4 per cent. seems the speaker 
though that great make the individual cylinder questionable 
criterion. 

thought that the results obtained from the average 
any three cylinders, representative the concrete the columns 
particular story, might better, worthy note that the average plus 
minus deviation from the mean all tests, considering the cylinders 
each floor representing point, 211 lb., 9.8%, ‘or very little better. 
The concrete these columns probably very good, considering that the 
average, 2151 lb., from cylinders tested after only hour’s exposure 
the air. would probably correct assume 30% increase for com- 
pletely air-dried specimens, about lb. Data which will 
soon broken, after having been air-dried for one year, are not yet available. 

Let these results considered the light the new Tentative Specifica- 
tions. From Table doubtful whether concrete should have 
been used though the variations from these figures would not have been great. 
Probably would have been satisfactory had the slump not exceeded 
in. and the aggregate been proportioned weight. 

Here point great difficulty. First, the slump test, used under 
working conditions, is, the speaker’s opinion, not accurate in. Further, 
the maximum slump in., given for columns Table although desirable 
insofar makes for stronger concrete, difficult use structure 
the type under consideration, the surfaces the columns, which contain 
high percentage both hooped and vertical steel, would unsatisfactory. 
Second, too great insistence mix, such 1:1.6:2.3, against, for 
example, making assumption that the variation aggregate 
from day day, not from load load, and slump, not great 
destroy the entire precision and make useless all the extra time and expense 
required secure such accurate proportioning. seems more than probable 
that the variation great enough destroy the precision. 

The this particular structure was poured from October 
February, and was occasionally necessary, for one-half day period, 
change aggregates accept sizes different from those tested the labora- 
tory, the structure was erected densely populated part the 
where there was storage room and the stone companies refused store 
reserved piles during the winter. 

Although these points not, any way, destroy the accuracy 
the recommendations the Tentative Specifications, they do, the 
speaker’s opinion, prove that the present state knowledge and organiza- 
tion, impractical follow all them. 


Durr Am. Soc. E.—Various suggestions have been 
made with reference proportioning and mixing concrete, but seems that 
there has been great deal misapprehension with reference certain 
featyres the recommendation the Joint Committee. The second alter- 
native under Section was intended give the contractor the benefit 
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the knowledge may have with reference the relative merits and 


the materials available and the proportions which they may mixed 
order obtain better concrete and lower cost than may 
otherwise required pay. should not overlooked that all sections 
the United States are not fortunate with reference concrete materials 
New York City. 1:2:4 concrete may entirely satisfactory here; other 
sections the country would serious mistake use such mixture. 
with reference such features that the alternate methods were provided. 

The speaker does not believe that this specification, used basis 
agreement between the contractor and owner, would require the contractor 
remove the first story building after the fifth story had been placed. 
well known that there are methods improving the concrete after 
place, such additional curing, keeping the concrete wet damp, 
supplying heat, necessary. That will make material improvement 
the quality the concrete without the necessity removing it. the 
necessity arose, would not better remove story than have the 
building collapse, sometimes occurs? 

great deal the concrete that has been produced during the past few 
years, under so-called standard methods, not satisfactory. the concrete 
industry progress every one wishes do, better average 
concrete must produced. The speaker has mind large building, which 
has been service only five years, yet some parts the structure are 
condition, and will require extensive and expensive repairs. The 
speaker cannot believe that the owner that building got what thought 
was going get had right expect from the contractor. The con- 
tractor was undoubtedly reputable, and thought was delivering good job; 
however, through carelessness ignorance, did not deliver good job. 

Many similar instances might cited. case has been reported recently 
building collapsing before construction was completed. 
would never collapse, under these conditions, the concrete materials had 
been studied and tests had been made during the progress the work 
contemplated the Tentative Specifications the Joint Committee. De- 
fective design sometimes creeps in, but most the trouble due inferior 
concrete. should emphasized also that good cement, high-grade aggre- 
gates, and proper mixture cement and aggregates not insure good 
concrete. The one thing that has been emphasized above everything else 
the Committee’s studies concrete, the laboratory and from observations 
the results concrete work the field during the past five years, the 
fundamental importance the quality mixing water and the necessity 
for proper curing conditions. batch concrete mixed sloppy 
soupy consistency may have only 30% the strength that should 
obtained with the same quantity cement and the same cost with proper 
consistency. should pointed out, also, that time does not remedy the 
faults poor concrete, resulting from too much water. The strength test 
the finished concrete the most practicable method determining its 
quality. 
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seems the speaker that the objections the contractors may lead 
one ask just what that the contractor agrees furnish the owner 
reinforced concrete building? The contractor engaged manufac- 
turing industry, the work; other manufacturer can dodge responsibility 
for the quality his work. One does not agree pay for other work with- 
out some guaranty quality. The manufacturer must assume the responsi- 
bility. 

The speaker desires correct one misapprehension; the structure 
which referred was not parapet wall, but eight-story, reinforced con- 
crete building—a much more important structure than the usual parapet 
wall. has seen some the concrete that had fallen from one the 
lintels the sidewalk. This reveals condition the building that 
serious, and just such condition the sections the specification are 
attempting avoid. From examination the concrete, the speaker’s 
impression that they used too much water, and that the concrete went into 
that building going all over the country. Much the work being 
done now will show exactly the same results five six years. Twenty-five 
instances could named that kind, not isolated, not unimportant structures, 
all them valued from $500 000 000 $6000000. these diffi- 
culties could have been avoided some care had been taken watch the 
quality the concrete went in, without any particular reference 28- 
day tests. Work some these structures extended over period several 
months years. quite important that concrete work this kind should 
done under rigid specifications. 


Assoc. Am. Soo. E.—There one feature the 
specification now stands, which seems largely have been lost sight of. 
This was indicated the statement one the speakers that whatever the 
Committee decides do, would continue specify the materials used 
and the proportions which they are used. expressing that idea, 
not opposing the specification stands and stating, gives 
suggestion the manner which the specification will work practice. 

The apprehension the contractors apparently that the great majority 
engineers would choose the alternative under which the strength the 
conerete specified and not the proportions used. Others, speaking 
the subject have also indicated that they believe that the proportions for the 
should continue specified. This means that those engineers 
would choose that alternative which specifies proportions rather than strength. 
not the apprehension the part the contractors more serious than 
need regarding the number engineers who would select the method 
specifying strength rather than proportions? 


difference the strength controlled and uncontrolled concrete. not 
expected that most concrete will scientifically controlled, therefore, 
the speaker’s opinion, low working stresses for uncontrolled concrete should 
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recommended and attention should called the possibility arriving 
greater economy and safety through the use controlled concrete. The 
methods used for controlling concrete are too technical sell them- 
selves practical men. 

possible, references the American Society Testing Materials should 
eliminated and specific instructions should given for the conducting 
the slump test, decantation test, and tests determine the grade aggregate. 

The Specifications are inadequate their scope and evidently more sub- 
are needed cover the different ramifications concrete con- 
struction. 


first and second alternates Section 
28, which give the engineer the option specifying concrete strength 
rather than proportions, should not recommended the present time. 

The second alternate Section contemplates: First, that the con- 
tractor shall use materials proportioned and mixed produce concrete 
the required workability and strength; second, that the engineer make 
frequent compression tests the concrete used the work, which tests re- 
quire days for completion. seems the speaker that this changes the 
responsibility from the contractor the engineer. 

Should the second alternate Section adopted, would undoubtedly 
considered the building departments the various cities. 

Another point the questionable accuracy determining concrete solely 
the compressive strength tests days. Certain cements not 
give high compressive tests days. 

The speaker wishes suggest that consideration given Section with 
particular reference the advisability omitting the first two alternates. 


speaker wishes point out that too much 
emphasis given the 28-day strength test criterion the quality 
The rate hardening different brands cement varies, and 
use this.test for the 28-day period criterion for quality concrete would, 
time, work the advantage quick hardening cements. 


properly expressed terms slump tests and compression tests cylinders 
days. 

Slump tests can only considered approximately reliable. General 
experience has demonstrated that they not indicate the water cement 
ratio the strength, with accuracy. With wide variation water cement 
ratio, the slump tests will sometimes show only small variation. 

There are two lines thought which will indicate the undesirability 
attempting change from the present method specifying concrete pro- 
portions the method specifying guaranteed strength cylinders 
days, suggested the second alternate Section 28. 

Engr., John Wiggins Co., Inc., Philadelphia, Pa. 


Engr. Tests, Brooklyn Crozite Brick Corporation, Brooklyn, 
Turner Constr. Co., New York City. 
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First—The results obtained testing cylinders days are known 
seriously influenced: seemingly trivial details the making, storing, 
and testing the cylinders. Even the rules for the making cylinders 
are carefully followed, the personal equation the man making them seems 
have its effect. Mr. Greene, paper published 1919 the 
American Society for Testing Materials, has pointed out the marked effect 
strength resulting from allowing the cylinders dry different periods 
during storage. The temperature which the cylinders are exposed has 
marked effect strength. lack even bearing the testing machine has 
its influence. 

study made comparing the obtained the leading laboratories 
the country, published the Transactions the Engineering Societies, 
will show frequent lack uniformity tests cylinders. 

necessary the average building job make the cylinders the job and 
many cases would necessary ship them long distances express 
for testing. Considering the influence strength the personal equation 
the inexperienced men who would make the the job and the 
uncertainties temperature and dryness storage which the cylinders 
would subjected the job and while transit, impossible avoid 
the conclusion that frequently the test results obtained would misleading. 
This conclusion strengthened examination the data published 
expert investigators tests made under the best conditions for securing 
accuracy. Tests which have come the attention the speaker work 
with which has been connected have convinced him the uncertainties 
the results obtained when based the small number cylinders that would 
practicable make during the pouring floor building. 

hasty consideration the problem might lead the conclusion that the 
difficulty due the uncertainties cylinder tests could overcome pro- 
viding that only certain percentage the number tests made would 
required come the specified strength. Under such specification 
the contractor would required occupy the position gambler, for 
any small number tests, the uncertainties the testing cylinders might 
lead good results poor results, although made concrete equal 
quality. 

the results obtained compression tests cylinders 
days were not uncertain reliability, would illogical establish 
the strength cylinders days the sole criterion the quality the 
concrete. 

When concrete specified proportions, the engineer writing the specifica- 
tion have his mind not only the strength the concrete cylinders 
days, but strength the concrete will have later periods the 
structure. 

the speaker’s knowledge, comparative tests specimens cut from 
buildings are available, but tests, made the New York Subway, show the 
concrete cut from the structure 25% stronger than concrete cylinders 
made the time the concretg was placed and dried out two days before testing. 
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the cylinders had been tested wet, the difference strength would have been 
still greater. entirely logical suppose that excess water will drain out 
concrete after has been placed the forms and fact that the 
water does drain out before the concrete starts set, the excess water that has 
drained out has injurious effect the strength the concrete. 

cement that gives comparatively low results days may give satis- 
factory results later and more important periods. William Kinney, 
Assoc. Am. E., paper aggregates for concrete, read before 
the American Concrete Institute, 1912, gives series experiments five 
different brands cement. The brand cement that was the weakest the 
five days, was the strongest months, with difference about per 
cent. 

Tests the speaker, nine brands cement, all which satisfactorily 
passed the tests for cement, confirm the fact that certain brands used him 
his work with entire success for the past years, will not give high 
results days other brands cement. 

The speaker believes that should specification adopted that requires 
the guaranteed strength cylinders days, the sole measure the quality 
concrete, the inevitable result will that contractors will give preference 
those brands cement that give the greatest strength days, with 
such cements they can obtain specified strength with less cement and, there- 
fore, more cheaply. This, believes, will work great injustice brands 
cement that are slower picking strength but, shown Mr. 
Kinney’s tests, they sometimes later periods exceed the quick-hardening 
brands, strength. 

Section has already been pointed out, that the cylinders were 
dried three days before testing, the strength the shown the 
test would increased about per cent. laboratory investigations may 
desirable test the cylinders soon they are removed from the damp 
sand, order eliminate uncertainties the extent the drying, due 
variations the air which the cylinders would exposed for the 3-day 
period. 

Although from the standpoint the investigator, the testing the 
cylinders when wet may desirable, this Specification now written, the 
strength the wet cylinder becomes the basis determining the unit stresses 
allowed design, and, therefore, unless the cost work materially 
increased, will necessary provide that the cylinders shall dried three 
days before testing. 

The measure for the strength concrete has been made more and more 
restrictive. Twenty years ago, ideas the strength concrete were based 
tests made cubes. The next step was change tests cylinders 
which, engineering practice, were tested dry and gave strengths about 75% 
large had been obtained the cube. This change the form test 
piece was not made because any difficulty experienced with buildings 
which concrete had been passed the tests cubes. The 
change the cylindrical form test was made because, laboratory investi- 
gations, was found give more consistent results than could obtained 
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with cubes. now proposed specify that strength shall measured 
tests wet cylinders, which will mean further reduction indicated 
strength about per cent. The suggestion for this change not because 
any experience with concrete buildings, which would make necessary 
require richer mix concrete, but simply secure more uniform method 
testing. 

When the amount building that has been done with entire success with 
concrete, 2000 Ib. considered, and further noted 
that, through the more careful control the water ratio, concrete placed 
the future should better than that placed the past, difficult 
understand why specification should proposed which would make neces- 
intention increase the allowable working stresses proportionate amount. 
already stated, comparative estimates show that the allowable working 
stresses and assumptions made design have not been changed compensate 
for the proposed new measure adopted for the strength concrete and, there- 
fore, the specification stands, its adoption would lead unwarranted 
increase the cost buildings. 

Section attempts specify both the proportions which 
the concrete shall mixed and also the strength the concrete have. 
impossible specify both these conditions without first modifying the 
wording this alternate make equivalent the provisions now 
contained Alternate 

Alternate requires the contractor fix the proportions and guarantee 
that the concrete will have certain strength when tested wet cylinders 
days. must kept constantly mind that although this only one 
alternative method specifying proportions, still, left alternate, 
probably many architects and engineers will select Alternate the basis 
their specifications without appreciating the difficulties involved such 
selection. Among these difficulties are the following. 

will impossible for contractor estimate accurately, work 
new because will not know what proportions his concrete will 
have mixed. 

When the work progress, the tests the concrete placed floor may 
fail come the specified standard. this case, the Building Depart- 
ment may refuse post the floor for the live loads for which was designed. 
The contractor will claim that the concrete placed the building was good 
and that the fault lies with the making and the testing the cylinders, 
the engineers. Those who have studied the results obtained tests cylin- 
ders, know the uncertainties such tests, when made limited number. 

may taken general principle that any proper specification will 
drawn permit the engineer inspect the structural parts build- 
ing they are placed that may know the time the work done that 
will acceptable. The interests the owner, the contractor and 
the engineer all require that this condition insisted on. Under Alternate 
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the engineer would not know whether floor was acceptable until month 
after had been placed, until three four more stories had been super- 
imposed the floor question. Under such condition, the engineer who 
was compelled inform owner that the floor was rejected and then 
explain that his specification did not enable him know whether work was 
good bad until month after was placed, would occupy intolerable 
position. specification which does not permit the contractor inspect his 
material advance its use and then know complying with the 
specification when places the manner required the specification, 
also creates intolerable condition for the contractor, subjects him 
the danger unjust exactions. 

Instead operating the advantage the honest contractor and the 
disadvantage the dishonest contractor, Alternate would seriously hamper 
the honest and conservative contractor while assisting the unscrupulous 
careless contractor obtaining work competition. 

Everything that reasonable wish obtain the use Alternate 
can secured the use Alternate when modified provide that the 
engineer will specify the proportions which the concrete mixed, 
with the further provision that should the engineer, change the mix, 
result tests, adjustment the price for the work shall made equal 
the increased decreased cost materials, made necessary the change. 

Section 31.—Recent tests seem show that the gain strength due 
mixing min., instead min., probably about per cent. Such small 
gain strength does not warrant continuing the mixing beyond the minute 
period cases where the mixing water introduced promptly. Although 
fraction minute seems small matter, slight change the time 
mixing will frequently have important effect the amount plant re- 
quired. The mixers now used contractors large buildings are 
about large can placed basements and, therefore, the time 
mixing extended, will frequently mean placing less concrete per day 
cases where monolithic finish used, installing second mixer. 

reinforcing rod allowed near the exterior surface, moisture and air, 
penetrating the thin film mortar concrete that covers the bar, will cause 
the bar rust. The formation the rust scale will force off small sliver 
concrete which will then expose the bar more rapid corrosion. 

When signs this trouble develop, the steel rod should thoroughly 
cleaned, painted and recovered with mortar. 

recent years this trouble has been overcome exterior columns 
circular mortar blocks with hole the center which are called 
doughnuts. Enough these doughnuts are slipped the vertical column 
bars keep them least inch from the exterior surface and have 
trouble from rusting. 

Designers sometimes show longitudinal rods the small drip members 
cornices, belt courses, etc. “These rods serve useful purpose and may cause 
trouble rusting. 
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Assoc. Am. Soc. (by letter).t—The writer 
has been impressed the efforts made the last few years improve the 
theory used basis the design the arch dam. There probably 
engineering structure, considering the magnitude, which precedent plays 
such important part the design. The formula that most generally 
used proportioning arch dam, the cylinder formula. brief 
comparison the conditions under which this formula applicable with those 
existing arch dam, will show that materially defective. 

However, many dams have been designed the cylinder formula, and the 
arguments support its use are the ease with which may 
applied and the fact that arch dams designed have failed. The fact 
that these dams have been designed according defective formula does not 
necessarily infer that they are unsafe. large “factor safety” usually 
allowed that the unit stresses the concrete are much below those used 


building construction where the distribution the stresses can calculated 


more accurately. 

few years ago, the writer made study the arch dam and arrived 
conclusions, quite similar regards the requirements formulas cover 
the actual static conditions those developed Mr. Noetzli. 
believed that the author’s method sound from theoretical standpoint, 
although with such structure arch dam, which static conditions 
are completely indeterminate, would appear impossible develop 
from theoretical considerations alone, formulas that will apply accurately 
actual conditions. 


Discussion the paper Noetzli, Assoc. Am. Soc. E., continued from 
February, 1922, Proceedings. 


Asst. Engr., Haehl, San Francisco, Cal. 
Received the Secretary, January 27th, 1922. 
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Real progress can only made the method designing arch dams 
securing more deflection measurements and other tests existing structures, 
that sufficient data may collected enable engineers modify the 
theoretical formulas (in case such modification found necessary) 
certain empirical coefficients derived the result tests. The collection 
such data could probably best undertaken some department the State 
Federal Such observations would assured greater 
standardization method and greater uniformity results. 

The writer has not seen typical cross-sections dams designed according 
the author’s principles. believed that such presentation essential 
clear understanding the variations between his methods and the results 
obtained the cylinder formula. understood that the cross-section 
arch dam will vary with the height and radius, but the cross-section 
some existing dam were shown, together with design the author for the 
same location, interesting comparison could made. The Barren Jack 
Dam the Salmon Creek Dam which were shown, might used making 
such comparison, and the writer hopes that the author will include some 
such presentation his closing discussion. 


been much interested Mr. Noetzli’s further contribution the literature 
arch dams. Throughout, clear that one aim the author place before 
the Profession solution the arch dam problem, accurate possible, 
without involving laborious algebraic graphical operations. Although the 
writer has not especially considered the arch dam, has studied the arch 
rib structural element from this same aspect, and will contribute 
the discussion this paper quoting the results those portions his 
investigations that are relative the application the arch rib met with 
the arch dam. 

the same assumptions are made the derivation Equation (17) 
arriving Equation (10), then Equation (17) should read: 


9% 
(23) 


for the displacement the point application (that is, Point 
Fig. Mr. Noetzli’s paper, “Gravity and Arch Action Curved 
due temperature rise and, due acting the bending 


Lecturer Civ. Eng., Russell School Eng., Univ. Sydney, Sydney, New 
South Wales, Australia. 


Received the Secretary, January 31st, 1922. 
Transactions, Am. Soc. E., Vol. LXXXIV (1921), 27. 
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and due as, 


where the rigidity modulus the material, and taken here for con- 
crete 0.4 


due as, 


or, 


which for the constant, would take the form shown Equation (23). 
noted that the denominator Equation (24) the displacement 
due unit load acting and the line action H;; inde- 
pendent the loading the arch. The numerator the displacement 
due the applied loading or, this particular case, temperature change, 
that is, the displacement O’, due any loading whatever, then the 
thrust is, 


will clear that the author’s coefficients, are slightly error. Fig. 
shows the percentage error involved. The writer presents the foregoing, not 
with the idea emphasizing small matters, but rather make clear what 
follows. Considering the writer’s Equation (25) give the accurate value 
the thrust, then, 


when only shearing force deformations are neglected; 


f a . a 
when deformations due axial and shearing forces are neglected; 
‘ 
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neglecting only axial deformations; and using the approximation 
Mr. Noetzli’s Equation (17), 


For the rib found the arch dam the form Equation (29) equiva- 
lent using Equation (25), but substituting unity for the coefficient, the 
third term the denominator. 


Let span; 
the percentage overestimate the value using Equation 
(26) 
the percentage overestimate the value using Equation 
(27) 
the percentage overestimate the value using Equation 
(28) 
the percentage overestimate the value using Equation 
(29). 


Let denote rib having thickness equal the span, and let 
denote rib having thickness equal the span, and similarly, for 
other rib thickness; then Figs. 10, 11, and show values 
and p,, respectively, for series ribs having values ranging from 
and rib thicknesses varying from 10% the span; the axes follow 
closely the axes used Mr. Noetzli. 

The diagrams call for little comment they explain themselves. 
From Fig. clear that flexural deformations alone should considered, 
only for thin, high, rise ribs. Fig. shows that the neglect axial force 
deformations has little commend it. Fig. shows that including flexural 
and axial force deformations and neglecting those due shearing forces gives 
percentage error the value thrust, almost constant for variation rise, 
but increasing with increase rib thickness. study Fig. 12, however, 
shows that greater degree accuracy obtained the use Equation 
(29), which the same Mr. Noetzli’s Equation (17). Not only does this 
expression give the closest approximation the true value the thrust, but 
the calculations are much most desirable combination from the 


WERNECKE,* Assoo. Am. Soc. (by author’s 
appeal the Profession assist obtaining all possible data regarding de- 
flections, temperature variation, and conditions existing single arch dams 
should receive active support. Sufficient measurements arch dams should 
long way establish more accurate method design. Having such 


Assoc. Civ. Eng., Univ. Washington; Structural Designing Engr., Skagit River 
Power Development, Seattle, Wash. 


Received the Secretary, January 1922. 
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data, effective guidance could given further research with models. The 
degree which the principle similitude would apply, and the limiting size 
models for reliable results, could determined. Having thus established 
the reliability models, the design important structures might well 
made from them, and the influence the shape the canyon could de- 
termined most complete manner. The by-product value such work 
would considerable any particular case. Such method design might 
first seem costly, but view the possible saving important structures, 
the extra expense would well invested. Handling the problem this manner 
would far toward establishing faith the economical arch dam. 

There are two factors extraneous scientific considerations the design 
arch dam: First, psychological factor resulting from lack knowl- 
edge, and, second, political factor injected when there are active opponents 
the project the community. The first consideration partly basic 
the second. Engineers lack knowledge well others. not 
expected that the knowledge and faith the arch, applied bridges and 
buildings, will quickly transfer different use. expected that 
even for engineer architect whose knowledge the arch extensive 
and whose faith great, that will take some time for the same state 
mind form about the arch dam. For the average citizen, proper faith 
arch dam would have carefully formed well designed and honest 
propaganda. Otherwise, the second factor might cause considerable damage 
delay project entertaining the use such structure. Such was the 
experience 1904, with the Six-Mill Creek Arch Dam* for the water-works 
Ithaca, Y., wherein the design afforded sufficient reason for political 
filibuster obtain public ownership the water supply, and reduce the 
dam from ft. height ft. The proportions the Six-Mill Creek 
Dam were approved board consulting engineers, but this had little 
effect. 

would seem advisable initiate co-ordinated research which might 
well begin with thorough and impartial examination arch dams. 
gratifying note the interest the subject, measured the space given 
the publications the Society and other scientific journals. 


Transactions, Am. Soc. E., Vol. LIII (1904), 183. 
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Discussion* 


valuable contribution the theory arch dams, and hoped that 
tests will soon made order determine what extent the behavior 
arch dams agrees with exact theory. 

The study the problem arch dams, and with due consideration the 
historical development arch dam designs, has brought the writer the 
conclusion that the present state knowledge with regard modulus 
elasticity, range temperature, etc., the dam material, would just 
well use, beginning, approximations for the sake simplicity. More 
less, attempts toward correct solution have been made. Most 
these however, had their merits buried, for the average reader, 
higher and the new formulas, due their complicated 
nature, were ignored designer. 

The assumptions which, the present time, any theory arch dams 
has based, still involve considerable degree uncertainty. This is, 
the case large arch dams, particularly true with regard the modulus 
elasticity, range temperature, degree shrinkage concrete, “fixity” the 
arches, swelling, lateral expansion (Poisson’s ratio), secondary arch action, 
“wedge” action, that high degree accuracy the formulas used 
not much value. Before extensive tests have been made, the modulus 
elasticity can hardly judged and its uniformity guaranteed within 20% 
any assumption, and this also true the range temperature, well 
the degree shrinkage. Assuming for the other uncertainties involved 
another 20%, for all four assumptions together there probable error of, 


20? 20? 20? 20? 40% 


Discussion the paper William Cain, Am. Soc. E., continued from January, 
1922, Proceedings. 

Author’s closure. 

Engr., Beckman Linden Eng. Corporation, San Francisco, Cal. 

Received the Secretary, February 7th, 1922. 
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which probably conservative for thick dams. Consequently, approximate 
formulas are within 25% the theoretically correct values they may 
considered, for the present, sufficiently accurate compared the probable 
error 40% the assumptions. 

Theoretically exact formulas, however, are desirable long they can 
expressed simple form. Fortunately, the author’s final equations far 
toward this end, which makes his paper doubly valuable. 

Professor Cain has also included his investigation the thick and the flat 
arches, they may occur the lower parts arch dams. Mr. Mensch* has 
expressed doubts the correctness some the deflection formulas and 
certain Table There question that also considering 
the effect shear, larger deflections will found for short and thick arches 
than are obtained from the author’s Equation (15). 

However, rather questionable whether such thick and flat structures 
should classified arches. For instance, the author has calculated that for 
arch with radius 135 ft., with thickness ft., and central angle 
40°, only 24% the load supported what usually called arch action. 
The remainder the load, 974%, assumed, the author, carried 
beam action. 

Mr. Mensch has shown why beam action cannot relied carry the 
load. The writer wishes point out why “secondary” arch action within the 
masonry may prevail such From Mr. Mensch’s Fig. seen that 
there the possibility that within the large arch, secondary arch formed, 
approximately shown the dotted the size arch chosen 
the author, smaller arch with radius approximately ft. and thickness 
ft., may inscribed. According the cylinder formula, the stress 
the large arch would be: 


The stress the small arch for the same load would obtained 


even less than the large arch. Thus, the small arch, due the shorter 
radius, seems stronger than the large one. This reasoning indicates that 
secondary arch action will prevail such case. The size, shape, and stresses 
the secondary arch can determined Castigliano’s theory least 
work. For the present purpose, will sufficient indicate that arch 
formulas applied such “arches” shown Fig. may lead erroneous 
conclusions. Giving due consideration such limitations the author’s 
theory, seen that the discrepancies between his exact arch deflection 
formula and the writer’s comparatively small for all true 
arches may occur arch dams. 


Proceedings, Am. Soc. E., December, 1921, 796. 

this point, see also the writer’s dams, Trans- 
Am. Soc. E., Vol. (1921), 

“Gravity and Arch Action Curved Transactions, Am. Soc. E., Vol. 
LXXXIV (1921), 
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further interest note that the author’s method calculating 
the arch deflection stresses, due rib shortening and temperature changes, 
furnishes results that check almost exactly those obtained the writer’s 
method, using the coefficients from the curves Fig. and his recent 
paper “Deflections and Stresses Arch Dams”.* Consequently, the arch 
deflection stresses, calculated from measured deflections, will also about 
the same the same assumptions temperature, etc., are made. 

may not amiss warn against indiscriminate application the 
author’s well the writer’s “deflection stress” formulas. Those equations 
give reliable results for unreinforced arches only if, during the state the 
deformation considered, the arches have open tension cracks. the 
tions show tension dam such degree that the construction joints may 
open (for instance, tension lb. per sq. in.), these formulas can 
more applied directly. They then will indicate that the compression stresses 
are distributed unevenly over the arch. 

Mr. questions the correctness statement made the 
that “in fixed arch, the bending moments the arch abutments resulting 
from the thrust, are twice large the crown”. This doubt due 
misunderstanding the part Mr. Jakobsen, inasmuch the 
thrust, goes through the center gravity the and this one 
for arches central angle 120°, very nearly one-third the 
rise from the crown and two-thirds the rise from the abutments the arch. 
Consequently, the lever arm for the abutments, twice large 
the crown and, therefore, the bending moments also, due Mr. Jakobsen 
apparently mistakes the moment given the Equations (21) and (22), which 
include thrust and bending, with the moment from (Fig. 4), which due 
temperature rib shortening. 


Am. Soo. (by assist the practical 
engineer the solution “the circular arch under normal loads”, Tables 
and have been much extended, and are given Tables and The 
coefficients the starred rows were computed, the others being interpolated. 


effecting the interpolation, curves were drawn for constant, and 


variable, that separate curves were drawn for 0.00, 0.02, ..., 0.30, 


turn, from which the ordinates could be'obtained for given values 
Where the curvature was appreciable, the results, for the interpolated values, 
are approximate, since they depend how the curves are drawn between the 
points, given computation; but believed that the interpolated coeffi- 
cients are sufficiently near the truth for use practice. fact, most 


Proceedings, Am. Soc. E., October, 1921, pp. 281 and 282. 
Proceedings, Am. Soc. E., January, 1922, 92. 

Proceedings, Am. Soc. E., October, 1921, 266. 

See, also, Proceedings, Am. Soc. E., October, 1921, 298. 
Prof. Math., Univ. North Carolina, Chapel Hill, 

Received the Secretary, January 21st, 1922. 
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the interpolated values are practically exact. The regularity the curves 
drawn large scale the most proof the accuracy the 
computations, although the formulas were changed other but equivalent 
forms, for few independent computations, additional check. 


TABLE ARCH FIXED ENDS, UNDER NORMAL LOADS. 


2 


0.994 0.542 0.287 0.178 0.115 0.081 


starred rows were computed the other rows were interpolated. 
The curves for the coefficients Table for arch “fixed the ends”, 


and for various values are shown Fig. 


account the small scale used, the interpolated values are not shown, 
especially Table will generally consulted for any required coefficient. 

Table gives the deflection coefficients for arch “hinged the ends”. 
interpolated values are given, as, generally, was thought that the results 
would only apply the thinner arches. 


TABLE ARCH HINGED ENDS, UNDER NORMAL 


1.566 1.108 0.811 0.590 0.487 0.332 


values were computed. 
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either (for temperature changes), for arch “fixed the 

ends”, one without hinges. 
account the great variation the coefficients, Mr. Jakobsen’s plan* 


using semi-logarithmic paper for the complete graph, was adopted. 
shown Fig. 10.+ 


Table gives the values used the computation 


TABLE 
sin 
p o) D, p y? 
sin 
Values 
0.00 0.02 0.06 0.10 0.15 0.20 0.25 
021 750 600 872 461 278 184 130 
42.5 380 200 806 442 273 181 129 
884 776 424 268 178 128 
47.5 485 435 050 672 408 258 175 126 
235 188 909 618 881 248 171 124 
010 980 558 287 166 122 
821 678 508 334 227 161 119 
595 508 404 288 205 150 
440 386 320 246 182 137 105 
317 294 256 205 160 125 
246 244 280 208 172 140 112 
187 186 180 168 141 119 
150 149 142 130 117 101 


starred rows were computed; the others were interpolated. 


Mr. Noetzli has derived the formula 


Proceedings, Am. Soc. E., January, 1922, 94. 


include properly the interpolated values, Figs. and should drawn larger 
scales. very satisfactory size for the engraved part the semi-logarithmic paper in. 
Square, with two logarithmic scales the vertical direction. the upper limit marked 
1000, all values Table over will not represented; but such values are rarely 


heeded, since they correspond the smaller values coupled with the smaller central 
angles. 
Proceedings, Am. Soc. E., October, 1921, 282. 
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for the thrust the crown section, 
due temperature change de- 


grees, which the influences 

moment and tangential thrusts are 

The writer’s formula for the 


thrust due temperature change, 40° 


for arch without hinges, can Values 
expressed the form last given, ARCH FIXED ENDS 


that numerical values are readily computed utilizing the values given 


This was done for wide range values and The 


numerical results were compared with the corresponding ones taken from Mr. 
Noetzli’s Fig. and were found agree very well, thus affording valuable 
check the accuracy the computations. Mr. Noetzli’s Fig. would have 
extended cover the same range the writer’s Table Fig. 10; 
but, even then, compact and avoids the use paper, 
that there seems practical advantage expressing results terms 


corresponding table should preferably give three significant 


figures. will recalled that computed Equation (10) 
use the coefficients given Table includes the influence moments 
and tangential stress, the influence shear being disregarded. was 
originally assumed that the action the right half the arch the crown 
section the left half, was equivalent tangential thrust, P,, and couple, 


the moment which was M,. this moment, given Equa- 
tion (12), is, 


where, 
EC=r 


This moment is, therefore, always negative. The corresponding couple 
left-handed, that the original forces the crown, Fig. (a), can re- 
placed the forces shown Fig. cancelling the two forces, 
there left the single tangential force acting the left 
and the single force P,), acting the right (Fig. (c)); 
and these two forces are exactly equivalent the original couple (the moment 
which M,) and the tangential thrust, P,, both acting the crown. 

can shown similarly, for arch hinged the ends, that the couple, 
the moment which and the thrust, P,, both acting the crown sec- 
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tion, can replaced single force P,), acting the right along 
the span line, Fig. 11, and single force (pr), acting the left, 
the center the crown, tangential direction. 

Messrs. Jakobsen and Mensch* have called attention the desirability 
ascertaining the influence shear, especially for thick arches and small 
central angles. Consequently, has been thoroughly investigated, and some 
numerical results will shortly given show the decrease moment due 


shear for various values and ratio 


The formula for the elastic work due shear Bach (as quoted Mr. 
Jakobsen), for the half arch, is, 


y2 


For isotropic body (or one having equal elasticity all directions), 
the coefficient 3.00 used place 2.88. 


(a) (b) 
11. 


adding the expression just given the right member Equation (5), 
the symbol, will then represent the internal elastic work due moment, 
thrust, and shear. 

The shear, given Equation (14), is, 

Therefore, 

=0; 

Since the shear the crown zero, there are only two unknowns, P,, 
determine. the method least work, these can found elimina- 
tion between the two equations: 


The solution exactly before and very simple. leads 
the formula, 


sin 


(pr — Po), =" 2 


where, 


being given Equation (11). 


Proceedings, Am. Soc. E., December, 1921, 791. 
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The subscript, indicates that shear included. The term involving 
2.88 factor, expresses the influence shear. When 2.88 replaced 
3.0, for isotropic body, the value reduces that given Mr. 
Mensch. 

When the term involving the factor 2.88 omitted, the value P,), 
given Equation (10), where shear was neglected, derived. 

Let the moment crown when shear omitted designated M,, 
and when shear M,. Then, since Equations (7) and (12) 
hold, for the case when shear included replacing (pr 


sin 


therefore, 


The values and were computed for various values and 
and their ratio, which that M,, was inserted Table 


TABLE 7.—ARCH FIXED ENDs. 


feet. feet crease due shear. 
135 0.979 2.1 
40° 0.909 9.1 
40° 135 40 0.898 10.2 
800 0.952 4.8 
120° 135 0.997 0.3 


The decrease the moment the crown due shear seems negligible 
for central angles from 90° 120°, and only amounts 10.2% for 

The derivation the formula for deflection the crown, when shear 
included, involves long and tedious reductions, that only few steps will 
given. For arch without hinges, shear being included, Equation (14), 

When the small radial applied the crown, the shear is, 
adding the work due shear and proceeding 292,* derive, 


Proceedings, Am. Soc. E., October, 1921. 
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After substituting the values and integrating and reducing, the 


value (pr eventually introduced, and the equation solved for the 
deflection, giving: 


The influence shear represented the terms containing the factor, 
2.88, which, this case, are found both numerator and denominator. 
numerical illustration the influence shear, take arch for 
0.0008333. When shear included, the formula gives 
pr? 
omitting the terms containing 2.88 factor, the deflection, when shear 
neglected, found be, 


1.2963 


1.2772 


the influence shear adds 1.5% the deflection, this case. From Table 
for 60°, 0.1, there 1.277, which agrees with the 


coefficient just found, computed from equivalent formula. 

the accuracy the formulas, since most the steps have been given, 
easy for any one verify them. The writer has carefully checked them, 
and some errors have been noted, due errors copying. pages 291 and 
295,* the second examples given, for ft., ft., should have the 
central angle, 40° and not 120°. Among others, Mr. Mensch 
has properly called the writer’s attention these two errors. 

Mr. Mensch questions Equation (18), seems proper give some the 
steps the reduction, that any one can easily verify the result. From 
Equations (16) and (4), 

substituting these values Equation (17), and also the values and 
given Equations (16) and (4), derive, 


integrating and solving for (pr P,), Equation (18) readily derived. 

The denominator was first derived another form and then reduced the 
Proceedings, Am. Soc. E., October, 1921. 


Papers. 


THE CIRCULAR ARCH UNDER NORMAL LOADS 693 


form given Equation (18). instructive compute the stresses 
the flat arch, Fig. and compare results with those given Mr. Mensch for 
straight beam fixed the ends. The span, 100 ft., the thickness, 
ft., and the radius the center line the arch, measured, the draw- 


5 1 12 ( ) 


sin 


Also, from Table 


Mr. Mensch gives the pressure per square foot the extrados 10000 
therefore, the unit pressure the center line is, 


Equation (10), its equivalent, gives, 


whence, 33000 From Equation (12), 4840000 ft-lb. 
The unit stresses extrados and intrados are found from the formula, 


be, the crown, 


per sq. ft. compression extrados. 
220 per sq. ft. tension intrados. 

the abutment, the moment, M,, found from Equation (13), for 
¢,, 613 000 and the tangential thrust, P,, computed 
from Equation (4), 136000 lb. The resulting unit stresses are; 

400 Ib. per sq. ft. compression the intrados. 
600 Ib. per sq. ft. tension the extrados. 

For the straight beam, fixed the ends, the extreme fiber stresses are, 
Ib. per sq. ft. the crown, and 30.000 per sq. ft. the 
abutments. 

The radial deflection the crown the arch given the formula: 

where interpolation from Table found nearly, 0.115. 

The deflection for the straight beam, subjected the uniform loading, 

000 per ft., can found the well known formula: 


The computations have been given full the hypothesis that the concrete 
could stand the tension. Since this not true, the arch would crack, about 


whence, 
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illustrated Fig. 5.* The comments Mr. Mensch relative Figs. and 
are instructive, and the writer glad note that endorses the reinforcing 
arch dams and the tying them the rock walls the abutments. The 
writer does not think that “stresses can found from deflection measure- 
ments the arch”, where the dam has vertical cracks, unless the deflection 
and temperature the dam, the time closing the dam, are recorded. 
has made reservation that effect discussing Mr. Noetzli’s paper, and, 
addition, has referred the uncertainty relative the modulus elasticity. 

The subject inclined dams, commented Mr. Mensch, important, 
known from study multiple-arch dams, and will well repay careful 
investigation. 

Mr. Jakobsen’s discussion not only interesting, but helpful. taking 
the span constant and developing the formulas for moments, for arch 
fixed the ends, into series, and, ultimately, taking the limit, the central 
angle approaches zero and the radius increases indefinitely, the arch approaches, 
limit, the straight beam with fixed ends, and the formulas for moments 
crown and abutments are found reduce the corresponding moments for 
the straight beam the center and ends. “deadly” test that 
exact formula can stand and one that approximate formulas generally fail 
meet. test easily made and will doubtless send the scrap heap 
number formulas confidently proposed. All the formulas for moments and 
deflections the writer’s paper meet this test; and, that extent, they may 

the solution, just given, pertaining the flat arch, Fig. was found 
that the stresses the crown and abutments, well the crown deflection, 
approach the corresponding quantities for the straight beam. Further, the 


center pressure the crown section 146.7 ft., from its center, 

the extrados side. the central angle tends toward zero, this center 


pressure should recede indefinitely from the crown. test this, the formula 
for was expanded series, after was expressed terms the span, 
and was found approach zero decreased indefinitely. Hence, since 


reached for the arch hinged the ends, where the bending moment the 
crown, expressed series, is, 


the uncracked portion the arch, Fig. supposed constitute another arch. 
the dimensions (as roughly measured from the drawing) will follows: Radius, 
center line ft., span center line ft., thickness arch, ft. The central 
angle is, consequently, 114° 18’. solving before, found that there 
tension anywhere this new arch, and that the greatest compression 956 Ib. per sq. in. 
the intrados the abutment. The large central angle accounts mainly for the great 
difference the results. 
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beam, supported the ends, when uniformly loaded. has proved first, that 


for deflection afford equally satisfactory checks. Thus, substituting, 
Equation (15), for arch fixed the ends, and expanding, 


omitted. When shear included, compare with the usual formulas, replace 
the factor 2.88 3.00 the formula for deflection given previously. 
find the deflection due shear only, use only the terms the numerator 
having the factor 2.88, now replaced expansion derive. 


for straight beam, when shear 


which reduces, for the exact expression given textbooks 


for straight beam uniformly loaded. 


The total deflection, when shear included, for straight beam, uniformly 
loaded and fixed the ends is, thus, 


Apparently, the influence shear, 


increases, more pronounced for 


the beam than for the arch. 


The deflection arch hinged the ends, given Equation (19). 
When this expressed terms and expanded, there found, 


1 -_) 2 
= E i 4 t? 2 2 ) 
which, when reduces to, 


the known formula for straight beam. 
The value (pr P,) given Equation (10) for fixed ends, and 
Equation (18) for hinged ends, does not lead known formulas but 
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sin ¢,), 
equation gives, the limit, 

Finally, Equations (10), (15), (18), and (19) were deduced independently 
for degrees. The results checked with those given these formulas 
for this angle. 

The writer’s paper was prepared for the practical engineer and every care 
was used insure accuracy both the formulas and the tables. They are 
believed accurate for the following reasons: 


dividing putting the right member, and 


formulas for temperature thrust, H,, for either fixed hinged 
ends, agree exactly with those deduced Professor Church different 
procedure. 

(2).—The D,, appears the denominators the formulas for 
(pr P,), and the deflection, for the arch with fixed ends. The 
expression designated appears, similarly, the denominators the 
formulas for (pr P,), and for the arch with hinged ends. 

(3).—As the central angle diminishes, the formulas for moments and de- 
flections for arch with fixed span—whether with fixed hinged ends— 
approach indefinitely the corresponding formulas for straight beam, and 
the center pressure the crown recedes indefinitely. 

(4).—As the central angle diminishes, the two members the formulas 

(5).—The formulas for P,) and for deflection, for both fixed and 
hinged ends, for the special case, 90°, were derived independently. The 
results agreed with those given the general formulas for degrees. 

(6).—As the tabular quantities, the regularity the corresponding 


curves the most convincing proof their accuracy, though few check 


computations were made use the formula, written different but 
equivalent form. 


coefficients Table when expressed terms are found 


agree fairly well with those Mr. Noetzli’s Fig. 5*, thus affording mutual 
check results. Also, the coefficient Mr. Noetzli’s formula for deflection 
gives rough check many the figures Table The computations 
the quantities Tables and and and was formidable task, but 
systematic procedure lightened the labor and insured greater accuracy. 


Mr. Mensch states that “questions Equation (18) and some the 
deflection formulas and many the figures Table 1”. hoped that 
the reasons given favor their accuracy, may incline Mr. Mensch check 
the various steps the analysis; when, perhaps, all doubts their accuracy 
may removed. When possible, desirable for the sake scientific 
verity, that objections should specific, that the author may know what 
point meet. this way, the truth more quickly attained. 


Proceedings, Am. Soc. E., October, 1921, 282. 
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Mr. Jakobsen seems under the impression that the expanded formulas 
may best for computing moments. The writer has not found that the 
case for any the formulas. After deriving the formulas for thrusts, mo- 
ments, and deflections, they were once expanded, hope, that, using 
the expanded form, numerical computation would easier; but was found 
that too many terms the series would have taken give sufficient ac- 
curacy and the method was abandoned. 

may seem superfluous some that the writer has introduced into the 
discussion curved dams the arch hinged the ends. Smith,* 
Am. Soe. E., says: 

“Unless extraordinary precautions are taken fix direction the ends 
the arch, and there will deflections these points which will cor- 
respond very nearly the deflections due bending moment and B”. 

there sound rock the hillsides the ends the successive 
horizontal arches, and these ends are fixed the hillsides with the same 
care used with reinforced concrete bridge, then any arch may re- 
garded “fixed the ends”. would instructive constructors would 
state the actual conditions. very doubtful “extraordinary precautions” 
fix the ends the arches are generally taken, and yielding abutment 
will invalidate any theory. 

Some years ago, Professor Malverd Howe, Am. E., con- 
structed experimental reinforced concrete archt test the reliability 
his summation formulas. The measurements were such refined char- 
acter that and abutment, could accurately ascertained; but, 
first, the measurements did not correspond with the computations for 
arch fixed the ends. Although the fixed abutment was the usual design, 
was eventually found move; but the movement was small that was 
difficult determine that did move. However, when the abutment was 
thoroughly tied the masonry walls the house rods, the larger errors 
were corrected, theory and observation were reconciled, and the results were 
regarded very satisfactory. 

For arched dams, the theory for hinged ends may only apply very thin 
arches; but, the thicker arches are only loosely connected with the hill- 


sides, the moments, thrusts, and deflection may intermediate value 


those for fixed and hinged ends. 

well state again what was emphasized the first page the 
writer’s paper, that the part the normal load any horizontal arch, 
determined correct analysis, that figures all the computations. Thus, 
for water pressure, (except one point) not the unit pressure due 
the depth water the arch the extrados, but supposed the 
value given Mr. Smith’s analysis, Mr. Noetzli’s tentative method, 
when applicable. have then, normal unit pressure the center line 


the arch value the crest, where the water pressure 


nil, often very 


Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), 2030. 

See description arch, apparatus, and measurements, with discussion results, 
Railway Age Gazette, March 26th, 1909. 

See the writer’s discussions Am. Soc. E., Vol. LXXXIV (1921), 
Pp. 74, 88; also Proceedings, Am. Soc. January, 1922, 75. 
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Thus, for the Wooling Dam fixed the base, with reservoir full, the 
greatest unit stress horizontal arch the crest, where 363 per 
sq. whereas, for the same dam, not fixed, but simply supported, the 
base, the greatest unit stress arch about ft. below the crest, where 
755 per sq. ft. The full water pressure the base the dam 
062 Ib. per sq. ft., and seen that nothing like this pressure exerted 
any arch the dam. Another caution refers temperature stresses. The 
horizontal thrust, deduced this paper for temperature change, per- 


_tains only arch perfectly free move except for the restraints the 


abutments. For the actual horizontal arch curved dam, the movement 
the arch under temperature change resisted the acting 
cantilever. Both influences must considered for arch regarded part 
the dam. This done the notable paper Mr. Smith “Arched 
and also the discussion the writer Mr. Noetzli’s paper 
“Gravity and Arch Action Curved The analysis approximate 
and not exact that pertaining water pressure. 

the basis this normal unit pressure the extrados 
the horizontal arch, considered from the water load and temperature change 
combined, and using Smith’s formula for deflection, the total deflection, 
feet, due both causes, is, 


—er 


coefficient expansion for Fahr. 0.000 0055, and 


change temperature, degrees, positive for rise, negative 
for fall temperature. 


using the writer’s more general expression for deflection, where the 


regarded fixed hinged the ends, have, 
2 
D=c 


7 pl 


where the normal pressure, pounds per square foot, the 


center line the arch, being the radius that center line, before. 
solving for (pr), 


being positive for rise, and negative for fall, temperature. For 
arch that not cracked, observed deflection, the formula will give the 
value (pr), provided the arch compression. will tend give confi- 
dence the results if, for observed deflections, computed deflections are sub- 


Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), 2027. 
Transactions, Am. Soc. E., Vol. LXXXIV (1921), pp. and 90. 
Transactions, Am. Soc. Vol. LXXXIV (1921), pp. 
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stituted, for the thoroughly worked out case the Wooling Dam, simply 
supported the base.* 

The computed values are follows, for the crest: Water pressure: deflec- 
tion 0.362 in.; 94600 lb. per sq. ft.; temperature fall 20° Fahr.; 
deflection 0.270 in.; 23170 lb. per sq. ft. Both deflections are down 
stream and compression exerted both cases. 


0.632 
The combined deflection thus 


thrust 117 770 lb. 

The computations were based Smith’s formula and value 1.50; 
hence, compare results properly, write for or, what amounts the 
same thing, the last formula, let 135 ft.; then, for 2.2 
20°, 144 000 per sq. ft., derive, 

which compares very well with 117 770 the thrust for the combined 
water pressure and temperature change. 

the discussion the writer, previously cited, the formula for deflec- 
tion, including the cases where either tension compression, discussed 
fully prove that the last formula general attention paid the 
signs: positive when down stream and indicated. The applica- 
tions the Barren Jack Dam and the Salmon Creek Dam will show the 
method follow when deflection observations are given, provided there are 
cracks and the arch compression. 

case vertical cracks, observations should made temperature and 
deflection the time the complete closing the cracks. Then, similar 
observations are made subsequent period, and the difference the 
temperatures will represent and the difference the deflections will give 
the value insert the formulas. The uncertainty with regard 
what value and the fact that the temperature dam not 
uniform, particularly for thick dams, will render only approximate solu- 
tion the general case. However, the deflection observations are taken 
the same time the temperature, large part the uncertainty eliminated 
particularly the air temperature, the time the two observations, has 
not varied for several days the periods considered. From the value (pr), 
computed for any dam, since known, the value can formed. 
this happens greater, even nearly large as, the unit water 
pressure the base the dam, the results should rejected, for would 
indicate, either that there were vertical cracks the dam, that there was 
lack sufficient precision the observations, that the temperature was 
far from being uniform throughout the dam. 

complete the analysis, reference will now made Table with the 
accompanying formula for the moment, M,, the crown the horizontal arch 


ft., and the combined tangential 


The revised computation for this dam, using 8-place logarithmic tables, given 
the writer’s discussion Mr. Noetzli’s paper Relation Between Defiections 
Stresses Arch Dams’’, Proceedings, Am. Soc. E., October, 1921. 
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where the deflection, positive for either water pressure fall 
temperature, and negative for rise temperature. 

Continuing the solution for the Wooling Dam, supposed not fixed 
the base, 

Let, 
0.362 


therefore, 


0.632 


and, 


Suppose the very thin arch regarded hinged the ends; then, from 
Table for 120°, 0.083 for water pressure, and 0.121 for 
temperature change, 20°, therefore, 


derive, 
ft-lb. 


For dam, for which and have not been and only 
estimated. Some information for such estimate can had from the com- 
puted values the Wooling Dam. From Equation (16), for the Wooling 

1774 


therefore, 
The unit stresses, pounds per square inch, the crown, are: 


compression the extrados. 
358 compression the intrados. 


effect the solution for the arch fixed the ends, the proper values 
must taken from Table and the value computed before. Then, 
from Equation (12), (pr P,) can found and the value computed. 
desired, the value the abutment, can found from Equation (13) 

The deflection lines for the Barron Jack Dam are given Mr. Noetzli’s 
paper “Deflections and Stresses Arch Dams”,* the greatest deflection 
0.58 in. occurring May 25th, 1909, the crest, with reservoir full, the 
air temperature being 47° Fahr. December 24th, 1908, with empty 
reservoir, the temperature was 87° Fahr., and the deflection zero the crest. 


Proceedings, Am. Soc. E., October, 1921, 271. 
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0.58 

Assuming this thin dam hinged the ends, from Table 
144 2500000 lb. per sq. ft. 


0.0483 ft., 40°; and, using the 


Therefore, 


From Table the used are 0.083 and 0.121, respectively, 
Therefore, 


P, = 


324 =125 500 Ib. 


The corresponding stresses the crown this arch are, 


517 lb. per sq. in. compression the extrados. 
354 per sq. in. compression the intrados. 


the modulus, reduced, the stresses will reduced nearly the 
ratio the two moduli. 

The deflection lines May 25th, 1909, and-of August 10th, 1909, for this 
dam, are crossed, which throws doubt the the observed deflec- 
tions. course, there were any cracks not entirely the time 
the observation, when the reservoir was empty, which was probably the 
the results given are misleading and should rejected. 

With regard the supposed flow plasticity concrete, and its varying 

modulus, hoped that curved dam will built thoroughly 
reinforced and tied the hillsides, that cracks can form. Then, precise 
observations deflections and temperatures are taken, should possible, 
the use the given formulas, reliable results, provided the 
value known. determine that would require complete solution 
the dam, such has been effected for the Wooling Dam, that the value 
for any horizontal arch known; then solving the equation, 
p 
for its numerical value could ascertained. preferable, course, 
eliminate temperature change using observations for deflections, for 
different heights water, when the dam the same temperature. 

has been stated that the solution Mr. Smith,* pertains strictly 
thin dams. This evident from the derivation Equation (1) the 
paper cited, 


Transactions, Am. Soc. E., Vol. LXXXIII 2027. 
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When the shear, between the successive horizontal arches, ignored, 
this reduces the ordinary cylinder formula, which only true 
for the linear arch, practically true for thin arch. number ex- 
amples thick arches with small central angles, discussed the writer, 
the arch represented Fig. has been seen that the cylinder formula 
totally inapplicable. 

such thick arches, with small central angles, only occur near the base 
V-shaped valley, possible that Mr. Smith’s method may lead prac- 
tical results. other rational method has yet been proposed for the dam 
not fixed the base. For the dam fixed the base, the tentative method 
will apply, since the coefficients, Tables and take account the 


deflections, and the central angle vary. This true the shear be- 


tween the horizontal arches can practically ignored, which can done, 
proved the writer, for thin dams, such the Wooling Dam. 

The subject very complicated one and the writer returns sincere thanks 
those who have kindly assisted discussing it. 
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REVIEW IMPORTANT DEVELOPMENTS 
THE SCIENCE CADASTRAL RESURVEYS 
EXECUTED THE UNITED STATES GOVERNMENT, 
WITH ETHICAL DISCUSSION THEREOF 


Discussion* 


lands the United States presents interesting development. 
fortunate that the author has seen fit call the attention the Engineering 
Profession large the results the evolution exhibited the work the 
cadastral engineer engaged the resurveys. 


all other branches science, that cadastral engineering, when 


applied resurveys, has been gradual and extended development. The 
first efforts light present-day practice appear crude. great 
advance was made the survey when the Government changed from 
the contract system the direct method executing the work. The wisdom 
the change has been fully justified the results obtained period 
more than eleven years. One the advantages was providing the oppor- 
tunity for more deliberate effort field work, notwithstanding the increased 
expense. 

may interest the Profession call attention the general 
progress resurveys Wyoming. Among the earliest attempts resurveys 
were those authorized 1891, under Contract 238, the Valley the North 
Platte River what now Converse County. Some the cardinal principles 
the resurvey were overlooked that time, and the work led much 
confusion that was discontinued. these lands have been resur- 
veyed, however, conformity with the most up-to-date practice. 

Later, 1899, resurveys were again undertaken Wyoming lands 
along Fontenelle Creek Lincoln County. This work conformed the 


Discussion the paper Howard Richards Farnsworth, Assoc. Am. Soc. E., 
continued from February, 1922, Proceedings. 
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essential principles necessary for the preservation the rights the settlers, 
and fairly acceptable results were obtained. 

Owing the large extent inexcusable error and fraud the original 
surveys the early Eighties, Congress Act approved May 29th, 1908, 
authorized the resurvey 871 townships, nearly 7800000 acres land, 
various parts the State. Thus far, only part this work has been 
accomplished. 

has been suggested times that topographic features should deter- 
mined connection with cadastral surveys and that only one party the field 
should charged with the execution all this work the same time; but 
the fact that the requirements the two types surveys vary many 
particulars seems overlooked some, that carry both systems 
the same time clearly increases the expense and delays the ultimate accom- 
plishment. 

radical difference which not always appreciated, exists between the 
field and office work necessary depict the physical characteristics the 
country and the intricate work involved the proper establishment the 
division and subdivision lines the survey called for the rectangular 
system, especially the re-establishment, restoration, and fixation section 
and property lines dependent the former position lost obliterated 
corners. 

the latter case, there desired the correct location the legal posi- 
tion the section corners and lines basis for the proper adjudication 
conflicting claims. 


know, even this late date, that the surveys the public lands are now 
being made real surveyors, and are really made and not “fudged”, 
scamped. Every one, particularly the people the West, know the shameful 
history these surveys. 

The basic plan the surveys was conceived wisdom and sound technique, 
but the method administration was disgrace the nation, and has re- 
sulted untold confusion and needless litigation and has foisted 
unsuspecting and innocent public about 6000000 homesteads with insecure 
and faulty titles, and, too often, titles whatever, owing erroneous delin- 
eation boundaries and, consequently, erroneous areas the sections and 
subdivisions into which the land was divided. 

This era mal-administration past, and the members the Engineering 
Profession can obtain some comfort from the thought that devoting them- 
selves the rectification these errors, they can much assist the unfor- 
tunate victims pernicious system. 

About forty years ago, while building railroad Florida, the writer was 
where land had rapidly appreciated value, and where the 
public land surveys, which had been made about thirty forty years before, 
the usual condition uncertainty and inaccuracy. The writer spent 
some his spare time trying re-locate last corners and decide the 


Cons. Engr., Essex, Mass. 
Received the Secretary, Feb. 15th, 1922. 
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location many disputed lines between valuable orange groves. was 
appointed Deputy and also Mineral Surveyor survey some 
military reservations and phosphate mining claims. 

Later, removed Jacksonville, Fla., and was engaged establish the 
lines the five old Spanish grants which that city built. About 50% 
these grants were, that time, covered with commercial and residential 
buildings. The corners all these grants had long ago been destroyed 
the growth the city, but all the land titles the city were based these 
grant lines and corners. was easy task, but after nearly year’s work, 
they were re-located satisfactorily. 

recovering several the old corners outside the compactly built 
city (Jacksonville), the tap-roots the hard pine witness trees were found. 
The writer has often found old well blazed section lines leading point 
ft. from the established corner, which corner might also identified 
other blazed lines leading from other directions and well marked 
and identified witness trees. Generally speaking, the distances from the 
corner the witness trees were not measured, but were either paced esti- 
mated, although the courses given the original field notes were generally 
correct. Lengths section lines generally overrun links, making the 
areas the sections larger than the acreage given the official plats. 
would interesting know how many acres land the Government has 
lost this error the whole the public lands. safe say would 

The fraudulent surveying shore lines rivers and other bodies 
water has worked serious harm. Intending settlers purchasers, deceived 
the officially certified plats furnished the Government, have selected 
lands, paid for them, and often settled them, only discover the shore 
line mislocated and possibly bay other body water where the Govern- 
ment plats showed high land, and their acreage thus reduced, oftentimes, 
acres. 

1876, the surveys had been completed ten States and Territories, and 
were progress twenty others. They are now practically completed, 
except Alaska and Utah, and resurveys some States. Omitting Alaska, 
the arable acreage which unknown, there remains acres 
surveyed Utah. 
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THE FLOOD SEPTEMBER, 1921, 
SAN ANTONIO, TEXAS 


Discussion* 


most interesting flood. The writer had occasion visit San Antonio 
shortly after the flood, and read the paper carefully connection with his 
own observations and commends the author for and accurate 
statement. 

this case, the reason for anticipating large flood had been pointed out 
professionally the city Messrs. Metcalf and Eddy, who had studied the 
conditions only short time before. The lesson learned from this and 
other floods that growing cities must give more attention flood channels 
that are being closed bridges, buildings, and encroachments all kinds. 

The San Antonio flood and other floods sometimes far beyond pre- 
vious experience suggest that there law flood frequencies that 
governs. The writer does not believe that this view can supported. 

Engineers are learning more every year about the laws that govern the 
frequency floods. Each new record helps. may expected that the 
continuous records gauging stations will ultimately more useful 
establishing these laws than records destructive floods that occur now 
and then where there continuous gauging. These extreme floods serve 
support and emphasize the conclusions that may deduced from the study 
records from regular gauging stations that much larger floods are 
logically anticipated infrequent intervals. 

There flood expected each year. There greater flood 
expected average once years, and there still greater flood 


expected average once 100 years, and on, and with innumer- 


able intermediate The chance only one-hundredth that the 


Discussion the paper Terrell Bartlett, Am. Soc. E., continued from 
December, 1921, Proceedings. 
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000-year flood will occur any one place any one year, but when the 
whole country considered, sonie cities will suffer from such floods with 
frequency well within the experience human life, and the possibility 
their occurrence any place any year must taken into account. 

The writer hopes that some day there will evolved much better basis 
for estimating these probabilities and for determining how much may done 
preventing them without, the other hand, going unreasonable extremes. 


(by paper contains excellent ac- 
the San Antonio storm and its relation the general terrain, 
well the local conditions, particularly was written soon after the 
storm and probably before all possible data could obtained and digested. 
The records the Engineer Office Fort Sam Houston agree sub- 
stantially with those presented the author and only few slight differences 
are worthy mention. 

Some slight differences data were observed, regarding the amount 
flow the various streams, which are submitted here, they show slightly 
more constant maximum discharge per square mile. The maximum discharge 
from the Olmos, computed the office the Engineer, Eighth Corps 
Area, was sec-ft., which would give estimated flow this basin 
about 930 sec-ft. per sq. mile. For Apache Creek, estimate fixed the 
maximum discharge 947 sec-ft. per sq. mile. the Martinez- 
Alazan, the maximum flow estimated was 000 sec-ft., 1223 per sq. mile. 

The flood was the result rain storm, which the zone greatest 
precipitation lay easterly and westerly across the head-waters these streams. 
San Antonio the flood peaks the Alazan and Apache Creeks arrived 
different times. The peaks both had passed before the slower gathering 
flood from the San Antonio River arrived. Had combination circum- 
stances made the crests the various creeks arrive simultaneously, the 
damage the lower part the city, undoubtedly, would have been much 
greater. was, the river, the southernmost part the city, overflowed 
its banks only slightly. 

Since his paper was written, the committee engineers which Mr. Bartlett 
mentions, has recommended methods prevent future recurrence these 
floods. This plan provides that the channels the Pedro, Alazan, and 
Apache Oreeks widened, deepened, and straightened, that the grades along 
the banks generally raised, and that strip varying width, on. these 
streams reserved through the town. This part the city not nearly 
thickly settled and the land less valuable than that valley the 
San Antonio. 

the San Antonio, where the land too valuable allow purchase 
wide enough carry the full flood flow, the Committee recommends 
straightening the river the elimination several large bends within 
the city and slight deepening and widening the channel. This channel 
now: has. capacity approximately 000 sec-ft. its improved parts, and 
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will have its capacity increased addition, the Committee 
recommends constructing retention dam form dry reservoir 
point near the mouth the Olmos and about 000 ft. north the north- 
ern boundary the city, where borings indicate good foundation. This 
dam provided with permanent openings allow the discharge 
sec-ft., retaining all peak water excess that quantity until the 
channel can carry it. The estimated cost this construction 500 000. 
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THE AREA WATER SURFACE CONTROLLING 
FACTOR THE CONDITION POLLUTED 
HARBOR WATERS 


(by paper, dealing with re-oxygenation 
the polluted waters New York Harbor, much interest, but sufficient 
controlled observations not seem available which base definite 
conclusions. Other factors than wind action may responsible for great 
fluctuations the oxygen content the harbor waters. The author mentions 
three sources oxygen, namely, the sea water, water tributary streams, 
and the atmosphere. Granting that oxygen undoubtedly does accrue the 
harbor waters from all these sources, the writer, who biologist, desires 
call attention another probable source. 

The author makes mention the presence—or the absence—of aquatic 
plants the waters studied. Unless the situation totally different from that 
which ordinarily found along the seaboard, especially the more shallow 
waters, there is, all probability, considerable growth various alge 
“sea weeds”, green, brown, red color, also eel-grass, and Ceratophyl- 
lum “fish-moss”, commonly used aquaria. Finally, practically certain 
that diatoms and other the microscopic plants are present. 

Practically all these plants give off oxygen waste product their 
metabolism the presence sunlight. This oxygen, which produced under 
water, naturally taken largely the surrounding water, until, some 
cases, the latter becomes supersaturated with oxygen. would interesting 
have detailed record the amount sunlight exposure such days 
when large increases oxygen content was noted between morning and after- 
noon observations. close correlation increase dissolved oxygen and 
sunlight available would doubt observed. 


This discussion (of the paper Richard Gould, Assoc. Am. E., published 
December, 1921, Proceedings, but not presented any meeting the Society), printed 
Proceedings, order that the views expressed may brought before all members for 
further discussion. 

Special Plankton Expert, Public Health Service, Cincinnati, Ohio. 


Received the Secretary, February 10th, 1922. 
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The net result this production oxygen submerged plants some- 
times not enly the, oxygen but also 
the evident increase the capacity this water dispose organic 
matter. the investigation the Potomac River,* was found that 
aquatic plants were largely responsible production oxygen, sufficient 
assist reduction the 000 000 gal. sewage emptied 
daily into the river the City Washington. 

unpublished study the effect diatoms plant microscopic 
size) the oxygen content water the Ohio River, was found that when 
diatoms the extent about parts. per million (by 
volume) per cubic centimeter water, the oxygen content increased consider- 
ably more than the same water from which the diatoms had just been 
removed filtering. similar increase was noted over the oxygen con- 
third sample the same water which contained the diatoms, but was 
kept under which conditions the plants could not function 
properly. 

given water, these organisms will credited with the oxygen that they must 
necessarily contribute the water. would seem illogical take account 
the layer atmosphere above the water body, only one-fifth which 
oxygen, and ignore the visible producers practically pure oxygen, which 
may, great extent, carpet the bottom shallow waters, and those invisible 
but numerous oxygen producers, the microscopic alge, which are usually 
present unless the water too deep too turbid for the light penetrate. 


Hazen,t Am. Soc. (by letter).t—In drawing attention 
the re-aeration water New York Harbor the air, especially under the 
influence wind action, the author has rendered great service. This 
important. matter; and sufficient attention has given past 
studies harbor conditions. 

The the harbor receives the sewage the city. 
contains.a large amount organic matter which decomposing and oxidizing. 
Oxygen is, required order that these processes may on. there 
enough oxygen, the are comparatively unobjectionable and free from 
the production nuisance; if, however, the supply oxygen 
overtaxed, other processes set in, that are offensive. The presence absence 
oxygen corresponds closely with conditions that are offensive, 
essential, therefore, for the comfort the communities about the 
harbor, that enough oxygen the water. 

air. Ordinarily, the water coming down the Hudson River and the sea water 
the. ocean are saturated, nearly saturated; with oxygen. 

The quantity water each tide definitely known, and the new water 
forming part computed approximately, The computation 


*U. Public Health Service, Hygienic Laboratory Bulletin No. 104, Supt. Docu- 
ments, Washington, 


Cons. Whipple, and Fuller), New York 
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approximate, because the percentage néw water the water coming back 
with the tidal flow must estimated, and chemical analysis furnishes 
tolerably definite basis: for this estimate. The new water entering the harbor 
from the sea and from the river, estimated this way, equal 
tinuous flow about 76000 ft. When the rivers are flood, 
the quantity of.fresh water entering the harbor greatly increased and tends 
take the place and keep out equal volume sea When the 
flows rivers are low, the sea water enters full quantity, and almost 
the entire mass water the harbor composed it. annual 


average, approximately one-third the new water from the rivers and two- 


thirds from the ocean. River water carries somewhat more oxygen per unit 
than sea water, and cold water winter carries more than warmer water 
summer. 

Without attempting refinements, the average quantity oxygen carried 
the new water, average temperature 50°, Ib. per 000 
gal. This increased 110 winter and decreased about 
68°, which may taken summer temperature for sea water entering the 
harbor. 

New water the rate 000 cu. per sec. equivalent 200 000 000 
gal. daily. The average quantity dissolved oxygen carried this new 
water approximately 400 000 Ib. per day annual average. The sum- 
mer quantity amounts per day. 

The demand for oxygen rapid summer, because oxidation goes 
more rapidly then, and changes take place the harbor which other 
seasons are completed remote places where other supplies of. oxygen are 
period, therefore, the critical and summer 
quantities only need considered. 

The summer quantity estimated, equal 0.4 lb. daily (or 180 grammes) 
for each person now living the Metropolitan District, and sufficient 
oxidize the sewage much larger population. order utilize its 
fullest extent, however, necessary that the sewage completely mixed 
with all it. Such distribution not obtained and not possible. There 
are places local concentration sewage and, these places, the supply 
oxygen drawn lower than elsewhere. 

The secondary source oxygen, the author has pointed out, the 
atmosphere; thinks this greatest source. 

When the water the harbor saturated with oxygen, there 
tion oxygen from the air it. soon the water any part the 
harbor becomes less than saturated, the absorption oxygen air 
begins, and the oxygen thus absorbed adds the supply otherwise available. 
The absorption oxygen from the air water, other things being equal, 
directly proportional the amount the saturation point. 
twice much oxygen used the sewage any locality, there will 
twice the degree: depletion that locality, and, with it, 
absorption from the air will doubled. 


Transactions, Am. Soc. Vol. LXXVI (1913), 2094. 
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Oxygen derived from the air, therefore, greatest amount exactly 
those places where the need greatest; and for this reason the value 
the oxygen derived from the air the greatest value keeping the harbor 
water sweet. 

Some early studies oxygen absorption started with the assumption that 
oxygen absorbed the surface layer water must carried lower layers 
diffusion. this was the case, the slowness the diffusion process would 
limit the amount oxygen that could absorbed this way. Fortunately, 
there are other means distributing the oxygen. The tides keep the water 
the harbor always motion, and there mixing that many times more 
powerful than diffusion carrying the re-aerated water below the surface, and 
bringing water that néeds aeration from below the surface, where 
alone can aerated. This movement due tidal action always going on. 

Wind action still more potent when available, but intermittent 
its action. heavy wind brings all the water into contact with air, and 
results great increase the rate absorption. This increase fairly 
comparable that which takes place when bellows applied bed 
coals. 

The absorption oxygen, other things being equal, greater shallow 
parts the Bay, where the surface exposed, proportion volume, 
greater than elsewhere, as, for instance, Newark Bay. 

How far the absorption oxygen from the air the exposed surface 
the harbor will add its capacity receive and dispose sewage, not 
known. The matter progressive; the need oxygen any part the 
harbor increases, the rate absorption increases with it. Only the future, 
with greater populations, will disclose the limit. 

the meantime, such studies that presented the author, bring 
notice these important fundamental actions and will tend better under- 
standing what taking place. 


Warren Borst,* (by author’s observations the 
fluctuation dissolved oxygen values the Arthur Kill, Elizabeth, J., 
are special value and interest the Borough Richmond, especially so, 
the observations made waters adjacent Staten Island shores seem 
confirm the investigations with regard the absorption oxygen made 
the West Brighton Sewage Experiment Station, 1916, under direction 
the President the Borough Richmond. would not seem 
possible determine quantitative relation between wind velocities and dis- 
solved oxygen content, unless was possible determine the depth the 
influence wave action caused the wind. From past experience and data 
hand, would seem that the depth the oscillation penetrates below the 
surface the water depends the violence with which the surface the 
water disturbed. 

The experimental work the absorption oxygen the West Brighton 
Sewage Experimental Plant verified, large tank, the results which Mr. 
Adeney found true glass tubes, namely, that the oxygen gravitated 


Asst. Engr., Borough Richmond, West New Brighton, 
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downward rapidly that was impossible determine the rate, and, for 
practical purposes, the writer’s observations, was considered instantaneous 
for the full depth ft. The velocity with which this diffusion gravita- 
tion oxygen takes place will better appreciated the following state- 
ment taken from the Fifth Report the Royal Commission Sewage Dis- 
posal Great Britain: 


his work the diffusion coefficients gases water met with 
the phenomenon the comparatively rapid downward passage streaming 
the dissolved gas, and, consequence, found that was impossible 
study the diffusion gases water when the gas was placed above the 
liquid, and was compelled employ for his experiments thin plate the 
porous mineral hydrophane hold column water experimental 
tube, and provide the means introducing the gas the bottom 
the water and studying its upward diffusion through the water. 

“Experiments for determining the amount dissolved oxygen absorbed 
sewage from fresh water and sea water, well the rate re-aeration 
water with its dissolved oxygen content depleted sewage, were made the 
tanks, each which had dimensions ft. long, ft. wide, and ft. 

eep. 

“These experiments may subdivided follows: 


Dissolved oxygen absorbed dilutions sewage with fresh water: 
(a) Without surface agitation. 
With slight surface agitation two electric fans. 


Dissolved oxygen absorbed dilution sewage with sea water: 
(a) Without agitation. 
With slight surface agitation electric fans. 
(c) With the surface agitated, making wave, without splashing, 
about in. high. 


“3. Rate re-aeration produced surface agitation mixture 
sewage and sea water containing dissolved oxygen.” 

the writer’s observation, simultaneous samples, taken each foot 
depth through galvanized pipes projecting through the sides the tank, 
almost every instance, gave the same amount dissolved oxygen, the 
amount depending solely the violence the agitation the surface. 

When the surface was quiet the absorption oxygen was small and seemed 
due change temperature. The slight ripple the surface obtained 
the wind from two electric fans was sufficient produce considerable 
absorption atmospheric oxygen. still greater absorption oxygen was 
obtained disturbing the surface with 4-in. wave movement, produced 
(without splashing) vertical reciprocating action horizontally dis- 
posed furring strip the center and right angles the length 
the tank. 

was noted that fresh water, salt water, sewage, diluted with 
either fresh salt water, the downward diffusion gravitation oxygen 
was practically instantaneous. 

Neither the temperature the water, nor the percentage dilution 
the sewage seemed factors the rapidity with which this gravitation of. 
the oxygen took place. The more violent the agitation the surface, the 
greater the amount dissolved oxygen was present. The amount oxygen 
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eapable absorbed depended salinity, and per- 
centage saturation the liquid the beginning the agitation. 


The tanks used were ft. depth and the observations were limited 


depth ft. extensive studies made Duluth, Minn., Milwaukee, 


Wis., New York City, and other places, would appear that the effect 


the wave action may extend depth from that the depth 
which this gravitation takes place would. practically the same. 


the experiments mentioned the change temperature the liquid was. 
rapid. many cases the temperature the liquid the tanks was. 


raised 25° cent. (77° Fahr.) heating with exhaust steam. The tempera- 
ture the atmosphere was 10° cent. (50° Fahr.). such cases, the tem- 


perature the liquid did not reach the temperature the atmosphere 


the hours which the observations were made. the bottom the tempera- 
ture was from warmer than the surface. 


The rate which the dissolved oxygen was reduced the demand 


organic matter present the liquid, depended the temperature maintained 


the tank. Where the temperature the liquid was reduced from 20° cent.. 
13° cent. within hours, the rate which the dissolved oxygen was reduced 


was practically the same for liquid that was maintained 20° cent. through- 


out the hours. Where the temperature was higher than 20° cent., the 
rate which the dissolved oxygen was reduced was much greater, but no. 
time was the reduction greater than the oxygen obtained from the surface. 


when agitated in. height. 


with ripple, was found that after the fourth hour the rate absorp- 
tion oxygen was about 0.18 million per hour. With 
salt water the rate was 0.085 parts per million per hour. 


Another observation was made with mixture sewage and salt 
which was devoid of: oxygen. The surface was agitated with wave and, 
the end hours, was found that the dissolved oxygen, all 
had increased from 6.56 parts per million, the rate 1.64 parts 


million per hour. the end the fourth hour, the agitation was stopped, 


and the mixture allowed remain quiet for hours. the end this. 


period, the dissolved oxygen had decreased 4.50 parts per million, 
rate 0.1 parts per million per hour. 
Diagrams and tables containing the detail the studies the absorption 


oxygen were published “Report Sewage Experimental Investigations. 
West New Brighton, Staten Island, Y.”, the writer and issued the 


the Borough Richmond, City New York. 


The author concludes that the rapid increase dissolved oxygen polluted’ 


tidal waters, when roughened the wind, caused the increased area 


exposed the air. The experiments 1916 West New Brighton seem 


indicate that the rapid increase dissolved oxygen polluted tidal waters 


when roughened the wind, due the the waves breaking: 


through the layers the water various depths. 
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Joun Grirrin,t Am. Soc. (by subject stream 
pollution and sewage disposal particular interest the writer this 
time, that the City Los Angeles confronted with the necessity 
resorting emergency measure cope with its overtaxed outfall sewer. 

Los Angeles one the largest cities using separate system sewers, 
and the sewage relatively sewage. The diversion disposal 
thereof into relatively small creek which contains, the dry season, 
limited quantity water, might tend intensify the pollution the creek. 
Practically, water supply derived from this creek and only few wells are 
proximity thereto. The level the water the creek slightly lower 
than the ground-water the surrounding areas, which would tend drain 
waters from the land and wells the creek rather than pollute the wells from 
the stream. However, pollution any marked degree would become objec- 
tionable, due the fact that the course the creek through rapidly 
growing suburb. 

The isolation the creek other points than Culver City, its use, 
emergency measure, safe and justifiable, although well recognized 
that dilution from cu. ft. water per sec. per 1000 people 
sewered necessary prove satisfactory under ordinary conditions, yet the 
writer believes that much smaller dilution factor can resorted with 
safety this instance. experience should demonstrate otherwise, will 
only necessary discharge the head-waters this creek, sufficient fresh 
water from the Los Angeles domestic supply bring the dilution factor 
point within the limit safety. 

The rapid growth the city has brought about that causing 
much trouble. The outfall sewer the sea, constructed 1907, has become 


Continued from January, 1922, Proceedings. 
City Engr., Los Angeles, Cal. 
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overtaxed the extent that, the dry-weather period, sewage has begun 
flow out the manholes into the streets and the wet-weather period the 
discharge into the streets enormous. This condition was anticipated nearly 
two years ago, and bond issue was submitted the people. This bond issue 
was defeated June 7th, 1921. 

With the overflow from the manholes into the public streets thickly 
populated section, came the apparent menace epidemic and the necessity for 
immediate action. Although this overflow ultimately found its way into 
Ballona Creek over improved streets, was necessary provide means 
divert the surplus sewage the creek without allowing flow along the 
streets. Permission make this diversion has not been granted the State 
Board Health for the reasons previously mentioned, that is, the pollution 
the small quantity creek water, nor has sanction permission been 
given for the use the streets natural channels lead the sewage the 
the absence such authority, was necessary, from public 
health standpoint, choose the lesser two evils, and tap the outfall sewer 
near the head-waters Ballona Creek permit the surplus flow directly 
thereinto without rising the streets. This was done January 4th, 1922, 
with the result that injunction suits have been filed people down the 
creek. 

The writer thinks that members the Society may interested the 
peculiar position the State Board Health, that is, grant permit use 
the creek for sewage disposal, even emergency measure, means the 
creating nuisance, with possible damage suits, whereas the ordering the 
city not utilize the creek, would result using the public streets sewage 
channels, with the consequent menace the health considerable population. 

The time required put through any semi-permanent relief will more 
than two years, The outlook not good for quick relief, and although the 
writer has recommended that extensions the sewer system made and 
that house connections existing sewers disconnected and cesspools 
resorted until permanent relief provided, doubtful whether this 
program can effectively executed, due legal and other difficulties. 

Bacteriological tests the water Ballona Creek, Culver City, indicate 
considerable pollution even with raw sewage being discharged the head- 
waters. When the sewage fine screened and small quantity chlorine 
added, anticipated that menace health will exist. This meager 
emergency treatment will carried until permanent relief has been pro- 
vided for the outfall. The time required for the sewage flow from the pro- 
posed plant Culver City six hours and, under normal weather conditions, 
oxidation will material factor its purification. Beyond Culver City 


practically nuisance will exist with ultimate disposal the tide-waters 
Del Rey Beach. 


discussions this subject contain many points interest. The paper 


Asst. Designing Engr., Sewer Div., Highways Dept., Baltimore, Md. 
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should appeal those charge the maintenance sewerage systems. 
Baltimore, Md., striking example city with separate system 
sewers, where efforts have been made successfully the city authorities 
have these sewers put their proper use. This condition accomplished 
co-operation between the Sewer Division and the Health Department 
the city, and the Master Plumbers’ Association. 

The municipal laws require that, before the plumbing system house 
connected the city sewers, permit must obtained from the Health 
Department. The connection the sewer made master plumber and 
inspected authorized city employee. found that there are any 
rain leaders emptying into the sanitary sewers, they are immediately ordered 
disconnected. those parts the city that are unsewered, the sewage 
usually collected cesspools. When sewers are built sections the 
city this character, usually necessary re-arrange the plumbing 
the houses; and before this work finally completed, inspections are made 
see that done properly. Occasionally, brought the attention 
the Sewer Division that either cellar drains rain leaders are connected 
the sanitary sewers. Under such conditions, investigation made, 
and the work was done master plumber, warned not 
again, and, did, his license would revoked. 

addition laws governing the control rain water entering sanitary 
sewers, there are other laws which make illegal dispose gasoline, kero- 
sene, germicides, solid wastes into these sewers. Mr. Dittoe has stated, 
more required than the passing laws governing the misuse sewers. 
essential that these laws are enforced, and until this done the best 
results will not usually obtained. 

One thing which should provided for cities law requiring prop- 
erty owners connect their plumbing the sewers. Quite often, when 
sewerage system built, there will few property owners who for one 
reason another either will defer making their connections the sewers 
not all. Baltimore, the property owners are notified when the 
sewers adjacent their houses are completed; and they are given thirty days, 
with reasonable extension time, connect their plumbing these sewers. 
Usually, there trouble getting them this. case they should 
make any prolonged delay, however, the work done the city authorities, 
and the property owner billed assessed for the improvement made. 

the paper George Hammond, Am. E., “Tanks and 
Fine for Treating speaks the use separate sludge 
digestion tanks the treatment sewage. generally known, these 


tanks have been use Baltimore for about years, and great 


deal information has been collected date. However, much additional 
work will have done before the design sludge digestion tanks 
perfected. The first tanks built Baltimore were shape, each 
being 140 103 ft. plan and from ft. in. ft. in. deep. The 


Proceedings, Am. Soc. December, 1921, 642. 
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sludge enters these tanks through 12-in..cast-iron pipe the top the 
tanks. Three inlets are provided for each the opposite side from 
the inlet pipe, there are three outlets the bottom the tank. these 
tanks were designed, was thought that, the sludge digested, would settle 
the bottom, while the undigested sludge would remain the top. Until 
August, 1920, the reverse condition prevailed. all the digested 
sludge collected the top, the form heavy scum which was fairly dry. 
fact, times was sufficiently hard bear the weight person 
walking. top this scum, grass, weeds, and other vegetation grew 
height foot more. The sludge entered the tank sank through this 
scum, and flowed under directly the outlets. The horizontal distance 
flow was about 100 125 ft. figures are available showing the time 
took for the sludge arrive the outlet, but, many cases, was only 
partly digested. The moisture content the scum was approximately 70%, 
whereas that the sludge beneath was approximately per cent. order 
move the sludge from these tanks through the 1100 1900 ft. 12-in. cast- 
iron pipe line the sludge drying was necessary break the 
scum with stream water. 

addition these rectangular tanks, there are sixteen cylindrical tanks, 
each ft. diameter and ft. in. deep. tank has capacity 
610 cu. ft., with inlet and outlet pipes, in. diameter. The inlet pipes 
are the tops the tanks, and the outlets are the bottom. the 
rectangular tanks, the digested sludge forms scum the top, and the 
undigested sludge remains the bottom. Within the last few months, 
additional sludge digestion tank has been built, which various improvements 
over the old tanks have been embodied. 

the problem stands date, possible formulate certain. principles 
pertaining the design sludge digestion tanks the Baltimore plant. The 
depth the tanks does not govern the degree and speed sludge digestion. 
present, designs are under way for three additional tanks which will have 
approximate capacity 650000 cu. ft. the future, likely that the 
tanks will have depth varying from ft. natural 
that the topography the location sludge tank should one feature 
governing the depth these tanks. Where there sufficient. land available, 
and conditions warrant it, there reason why long shallow tanks, such 
those Birmingham, England, cannot 

One fact that has impressed itself those connected with the 
the sludge tanks Baltimore that the inlets should far away 
possible from the outlets, order prevent the short circuiting the 
sludge, which condition has frequently occurred. One obvious and simple 
around which the sludge can flow the outlet. The inlets should designed 
that the incoming sludge can enter below the surface the sludge the 
tanks. This because the incoming undigested sludge al- 
lowed spill through the air, disagreeable odors will disseminated. 
the last sludge tank built, the outlets were placed various elevations 
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that there would possibility drawing off the digested sludge dif- 
ferent elevations. 

The capacities sludge tanks should depend largely the quantity 
material handled. The cylindrical tanks, which there are sixteen 
Baltimore, are thought too small for the large plant there. The 
maximum size sludge tanks will depend the quantity sludge 
handled. Baltimore, not likely that tanks will built having ca- 
pacity more than 250000 cu. ft. One necessary appurtenance sludge 
tank flushing water line that water can added, case forms, 
and the scum broken. 

About four five months ago, unexpected condition occurred the 
sludge digestion tanks Baltimore. one the rectangular tanks, gas 
action which was prevalent over the entire surface the tank took place, 
and, short time, all had sunk. Sludge from this tank was im- 
mediately put into the other two digestion tanks, and, before cold weather 
began, the scum had settled the bottom, and gassing was occurring all 
three tanks. When this gassing started, there seemed intimate 
mixture the digested and the undigested sludge, with consequent in- 
digestion. One other condition noted was that this material flowed 
readily through the 12-in. cast-iron, pipe line the drying beds, frequently 
without having pumped. Furthermore, was longer necessary 
add water order break the scum that would flow the pump. 
Whether this gassing action will start again the spring problematical, 
but every effort will made study its causes and have occur possible. 
Much remains done the investigation sludge digestion, fact, 
various experiments have been conducted for the past months sludge 
digestion Baltimore. 
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Discussion* 


Am. Soc. E.—Considerable has been said, 
the relations between the carrying capacity the American sea-going 
merchant marine and the exports and imports. There must some legitimate 
ratio between the tonnage exports and imports which from and come 
the United States and the proportion which its marine entitled carry, 
assuming that each nation the world has its share. The world gradually 
coming the point when one nation will permitted take all the 
profits any particular line business. obvious that the United States 
cannot expect carry all its exports and its imports, because did, there 
some nations that would have nothing carry. the United States 
has the right carry its exports, then every nation which would export 
this country has right carry its exports. merchant marine cannot 
which has cargoes only one way; portion the imports must 
carried well the exports. The statisticians should determine just 
what proportion the imports and exports the United States ration- 
ally, legitimately, and fairly entitled carry, justice its neighbors 
this world, and how far that proportion from the amount carried. every 
nation were carrier, the answer would one-half each, but some nations 
are not carriers, hence there problem solved. 

the Great Lakes, has been found that certain speed vessel was 
the most economical for the service required there; or, rather, that, for par- 
ticular services, vessels certain speeds are the most economical. That same 
condition must exist the ocean. Probably that has been investigated, but 
the speaker does not know where find the figures. regard the matter 
subsidy, seems that subsidy should only used where the conditions 
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the service require that the constructors the maintainers that service 
should depart from that which most economically profitable; other words, 
necessary that ships higher speed than economically profitable 
are introduced into the service, then the Government should countribute 
that; but not the ships should built for any more 
than the most economical operation, then seems that questionable 
whether subsidy should granted. Many believe that the Government 
will remove some its restrictions, private industry will overcome the re- 
mainder the difficulties. Conditions exist this country, that not 
appear all the countries abroad. perhaps unfortunate that the 
American wants live such high plane or, perhaps, good thing 
that does; but there are times when militates against the prosperity 
the whole, insists having things which are not necessary. 
These are, however, problems that probably Government cannot handle; but 
the United States cannot maintain merchant marine without bringing 
greater burden itself than the benefit which the marine will bring, true 
statesmanship would decide that normal industry must take its course. 


Am. Soo. speaker agrees with the 
views expressed that the Federal Government should render some aid the 
shipping, but such aid should not rendered coastwise ves- 
sels, because will subsidizing those vessels the injury the coast-line 
railroads. 

The speaker has the impression that there are, the statute books, various 
laws with respect wages and working conditions that make for waste 
marine service, and his opinion that the attention ship owners might 
properly directed the repeal those laws, well subsidies, which 
are necessary make the merchant marine success. The railroad 
with speaker connected has long worked co-operation with 
certain coast-line vessels distributor interior points traffic from the 
North Atlantic ports those the South Atlantic. the past, success has 
been made that distribution and will continued. there has 
been established, compliance with the orders the Interstate Commerce 
Commission, certain rates that affect traffic between the ports mentioned, and 
these rates will cause the abandonment the railroads the 
between those ports (other than such will distributed interior points), 
and establish the carrying that traffic coastwise vessels the cheapest 
routing. Transportation under the new rates between the port the 
South and North much cheaper water than rail, that the 
railroads are abandoning the carriage certain commerce. 


portation”, indicate that interests exists, not only between water 
and rail transportation, but between these two combined, or, briefly, “capital” 
third. 


Engr., Atlantic Coast Line Railroad, Wilmington, 
Philadelphia, Pa. 
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For instance, Dr. Johnson* states that American ocean shippers are 
disadvantage, compared, with those Europe, reason the higher 
wages prevailing here; and although the fashion deprecate Govern- 
mental interference with “business”, looked to, come 
the aid the impoverished American shipper, against the American laborer. 

long economy remains based the obsolescent profit system, the busi- 
ness structure necessarily pyramid standing its apex; and the 
delicate task the Government prevent from toppling over, one direc- 
tion the other, and crushing this that “interest” its fall. 


Am. Soc. remarks Mr. Williams and 
Mr. Trautwine have made the speaker realize that his business, which 
fabricating structural steel, related some way with this matter water 
transportation. 

The speaker has his library book, entitled “Tales Old Sea 
Port.” The stories are famous American voyages and ships that sailed 
from Bristol, I., and carried the American flag all the “seven seas.” 
outstanding feature that, those days, the crews from captain cabin 
boy, participated the profits the voyage. Much the same economic 
arrangement exists to-day the fishing industry Gloucester and elsewhere. 

The speaker offers the thought that might possible stimulate Amer- 
ican shipping anew this old co-operative basis was again adopted, having 
legislation amended, necessary, that when owners and crews choose, 
they might share the profits voyage. 

Thus, method computation might estimate vessel worth 
many thousands dollars, seaman worth, say, captain, say, 
and on, placing capital value every one the ship’s com- 
pany. When the ship returned its home port, the profits would divided 
according the “invested capital”. such basis, vessel earned fuel, 
for the crew the voyage, and the necessary repairs and maintenance, 
there would “loss”, and men the business fabricating structural 
steel shore would not have called make good any deficit. Such 
voyages would appeal the spirit adventure all young men and would 
attract good American blood and might well yield handsome profits. 


Am. Soc. the foundation all sound engi- 
neering lies economics, and his training and experience, the engineer 
fitted lead the way rational economic policy which regulation 
transportation and expenditures public money for any purpose should 
based. Speaking from the standpoint the great industries the country, 


the time has come when strict attention must paid conserving public 


funds and restoring private enterprise reasonable freedom action. 
serious difficulty arises when Government undertakings compete with private 
enterprise the field transportation, other business, for, once, the 
normal economic balance upset. This mainly because public money 
not used, and there not sufficient. incentive its use, with the same strict 
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insistence proper financial returns that obtains when private capital 
utilized. The latter must earn dividends driven bankruptcy, whereas 
the Government enterprise can always, but improvidently, dip more deeply into 
capital account make deficit earnings. 

invidious application the operations the Shipping Board 
intended. too well known that the Board inherited economically 
monstrous condition the end the World War. should considered, 
however, what would have been the course had business man found himself 
confronted with the same state affairs private enterprise. good 
business man, would unquestionably have made his inevitable losses 
promptly possible and started afresh sound, economic basis. there 
any reason why the same course should not have been followed 
the Government? industries and agriculture are prosper, they must not 
forced maintain, through false National pride, merchant fleet which 
cannot furnish them transportation rates low their competitors can 
obtain. Nor can this fictitious rate, with resulting into the 
tax bill. Nothing but really economical transportation will permanently help 
the industries. Competition has now become international, and business 
thrive, must able command the markets the world. 

short time ago became necessary, connection with industrial opera- 
tions, make some forecast the future level wages and prices, question 
which often presents itself the engineer his work. was determined 
that one the most important factors which will influence that level, 
public expenditure. The effect reckless use public money National, 
State and municipal governments, that the average worker the United 
States must now produce $200 year for Government expenditure. There are 
000 000 workers engaged gainful occupations the United States, and 
well known students economics that their average earnings 1915, 
just before this country went into the war, only amounted $680 yearly. 
investigation covering sixty years reveals the fact that time has been 
found possible collect directly indirectly from the worker more than one- 
seventh his earnings for Government use. Consequently, the 1920 basis 
public expenditure, must earn not less than $1400 annually, more 
than twice much before the war. Many workers are being paid this much, 

but are they earning it? not coming out the stored National 
wealth and the country growing poorer. Some economy has recently been 
effected the National Government, but State and municipal expenditures 
still tend increase, and the blame for this rests more often with the people, 
who advocate every conceivable project requiring public money, than with the 
holder. Due mainly the scale public expenditure, seems impossible 
that wages will drop lower level than 45% over pre-war figures, which 
means that prices all commodities will not fall permanently below the 

same level, wages will always controlling factor costs. 
Unfortunately, large number people believe that taxes can col- 
lected from the rich alone. still more remarkable, notwithstanding has 
become established principle that utility rates are determined 
cost, that the people believe that these enterprises can taxed without the 
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bill coming back them rates. most important that engineers, who 
know better, shall all their power correct these errors, for long 
they prevail, the nation will never come sound, economic basis. When 
every one realizes that every dollar public money must contributed from 
private funds, the public will insist that such money shall used with the 
same care and shall produce the same financial and economic result that 
insisted when private capital utilized enterprise. may easily 
shown that the rich the provident alone were called pay all the 
taxes, their liquid assets would exhausted the end two years, and when 
that point was reached, the remainder their assets, with most the National 
wealth, would become worthless for lack purchasers. Again, taxes cannot 
come out the industrial transportation enterprises, for there hardly one 
them that could survive more than three years could not recover its 
taxes through increasing the prices its product. Many the great trans- 
portation companies are paying taxes from cents out every dollar 
which they collect rates, and should self-evident that both these and 
the public utility companies must increase their charges the public 
provide the money pay these taxes. 

useless for the Government build fine highways, other public 
works, conduct shipping industry, other transportation enterprises, 
thereby takes from the worker much his earnings that his purchasing 
power greatly reduced, destroys manufacturing and agricultural 
interests through excessive taxation. Consider for moment the effect the 
smaller industries, for will illustrate the harmful results. Assume concern 
beginning with capital, and manufacturing, perhaps under patents, 
useful product which enables, given year, profit 100% realized, 
and some them are fortunate enough so. During the next year, their 
growing business will certainly require twice much capital, but their 
profits are largely locked additions plant and book accounts. 
theless, conditions have been recently, the Federal and local governments 
call them for perhaps taxes, which must paid out liquid 
assets: Bankers not care loan them money pay taxes, and, conse- 
quently, these young concerns are deprived capital which they need 
provide for their growing business, and they cannot employ labor, expand, and 
produce. such healthy young enterprises that the best business the 
country has been built up, and prohibit their activities, causes serious loss 
the wealth the nation large. These are the enterprises which will 
furnish freight the railroads and ships the future, and which must 
able obtain their ocean rates basis that them compete 
with the other industrial nations the world. 

this connection, the effect unwise Government regulation railroads 
upon the industrial situation may also considered. better illustration 
known than the story freight carload lots steam coal New England, 
for the cost coal most important factor the future industries. 
From 1895 1916, the average level wages and prices was increasing the 
10% compounded every years, but through ill-advised Government 
regulation, freight rates had not been allowed advance and were slightly 
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lower 1916 than they were 1900. New England industries had accom- 
modated themselves these fictitious low rates, and much money had been 
invested thereon. was found, when the Government faced war, how short- 
sighted this crippling the railroads had been, and the rate from the Cumber- 
land District points near Boston was suddenly jumped from $2.95 $5.28 
per ton. This sudden advance has been most disturbing industry, and, 
particularly, since the level prices has fallen and business has come again 
strictly competitive basis. Because the great economies effected 
railroad transportation, would not have been necessary increase the rates 
rapidly the average wages and prices. Had this been done, would 
have brought the rate coal $4.20 1916 instead $2.95. perfectly 
apparent, however, that the rate 1915 should have been 25% higher than 
was, or, say, $3.75 per ton. Had this been permitted, industry would have 
accommodated itself thereto, because the increase would have been gradual 
and proportional all over the United States, could have been easily 
absorbed. would seem best come back the old principle charging 
what the traffie will bear, for destroy all industries remote from the coal 
fields unthinkable. necessary and just, however, that the railroads, 
their present condition, shall allowed somewhat higher rate than 
$3.75, order that they may make for past deficiencies, due unwise 
Governmental interference. 

Past experience shows, therefore, that dangerous the business 
the nation when the Government enters competitively therein; there is. also 
limit the taxes which can imposed industry furnish money for 
unwise undertakings. Although the principle public regulation utilities 
has been accepted correct, way has yet been found apply wisely, 
and now practiced also menace the whole business the country. 
Last, but not least, the merits all proposals expend large amounts 
public money should most carefully examined and from this examination 
should exeluded all mere pride achievement ends that will not 
produce direct and certain profit the average worker whose earnings the 
Government investing. Whether such expenditures public would 
entered into with private capital, reasonably conservative business men 
must considered seriously. not, there should sound reasons 
justify them, before they are undertaken. Everybody knows many things 
they would like, but for which they cannot pay; the nation now the same 
condition. 

The trained minds the Engineering Profession are needed concen- 
trate patriotically and these great questions, and their 
duty good citizens they can the establishment 
wise, conservative, economic policy, for stated previously, the basis 
true engineering, real accomplishment, and prosperity the profession, 
must have sound economics, matter whether the funds invested 
public private. 


believes nearest the hearts those interested water 


Civ. and Hydr. Engr., Pittsburgh, Pa. 


| 
| 


7 
7 
q 


Papers. DISCUSSION WATER TRANSPORTATION 


namely, the question subsidy. general rule, the speaker con- 
stitutionally opposed subsidies, but seems that American merchant 
marine exception this The United States has compete with 
the remainder the world, and the remainder the world can bring 
commodities cheaper than this country, when measured dollars and cents, 
which not always safe measure, then favor the subsidy. 

There are many ways granting subsidy. example the price 
water power will illustrate. The water-power policy this country seems 
demand that such power sold less price than steam power the 
same character. the case steam power, certain supply may had 
from given plant, which not the case with water power. River flow 
variable, and one cannot afford, all cases, spend money enough regulate 
the river completely. Therefore, there are two kinds water power, con- 
tinuous and variable. The continuous water power like steam power, 
always available. The variable kind may divided into two parts, 
kinds, one which will called dependable seasonal power and the other 
mere surplus power which comes varying quantities and for variable periods, 
sometimes lasting for months, even years, only vanish unexpectedly 
appeared. 

the case continuous power, there should not any difference between 
the price water power and that steam power, assuming open market, 
just there should difference the price commodities from one 
section the country compared with the price similar commodities 
from another section, because one farmer can produce his crops more cheaply 
There market for such things. the case water 
power, however, the policy seems compel the sale water power for 
less than the market price steam power. 

What the For example, take large manufacturing establish- 
ment which can obtain supply water power price lower than the 
market price steam power. That establishment immediately has the ad- 
vantage subsidy would give. Such subsidies are granted such manner 
that they are frequently unrecognized such the grantor, and thus some 
great industries have been subsidized. one examines the development 
water power Niagara Falls, will appreciate this fact. The manu- 
facturers get the power comparatively low rates. The manufacturer has, 
subsidy, and granted substantially the manner described. 

With merchant marine, not only question economic advantage 
maintain it, but, certain extent, also one patriotic pride. One 
may say that patriotic pride not economic force, but the speaker con- 
vineed that is. Who will belittle the economic value having the Amer- 
ican flag flying every harbor the world? 

Only one other point will and this was touched Mr. 
Williams and others, that is, the best speed ship. The speaker does not 
believe there any such thing, that is, when one takes into account all the 
variable factors one period and under one state economic and mechanical 
conditions, there will one speed, and under changed conditions there will 
different speed. Here, again, the same thing found water power. 
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There said best speed for water-wheel, and yet, when one tries 
apply that principle practically, will find difficult problem. The 
best speed varies from day day, according mechanical and hydraulic 
well other conditions; and the speaker thinks the same thing must 
true ship speeds. 

seems not unlikely that ships should have different types propellers 


meet varying conditions, especially the economic conditions. The speaker 


would not dare say that conditions will not arise requiring that 
sort thing, although aware the nature the difficulties over- 
come providing suitable marine power plants for such purposes. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


SOME NOTES THE LOCATION AND CONSTRUCTION 
LOCKS AND MOVABLE DAMS THE OHIO 
RIVER, WITH PARTICULAR REFERENCE 
OHIO RIVER DAM NO. 


Discussion* 


Roberts, Past-President, Am. Soc. E., the author states that Mr. Roberts 
recommended locks with movable tops Ohio River dams. The fact is, 
never recommended “movable tops” dams, such term understood 
river engineers. 1839, report the Monongahela Navigation Com- 
pany, advocated the extension locks with fixed dams for the Ohio River, 
such was constructing the Monongahela. Later, 1857, paper 
published the Franklin Institute, Mr. Roberts repeated more fully the same 
recommendation. 1866, was made one the two Civil Engineers, 
authorized Act Congress, and assigned the Ohio River complete 
the survey that stream from Pittsburgh, Pa., Cairo, and under- 
take minor improvements for the immediate betterment navigation. The 
object his employment was obtain his views 


the various schemes, projects, which had been referred the Chief 


Engineers for the radical improvement the Ohio. 

his final report, dated April 21st, 1870, Mr. Roberts, referring the 
dams was recommending, sanctioned the idea placing them “chutes” 
300 ft. wide, for the benefit descending coal fleets, and thus make navigation 
practicable for them, even during moderate rises the river. The chutes 
were not described detail his report, but, the writer, stated that 
chute shutters might made, say, ft. deep dams ft. lift, such 
were contemplated him. The shutters were raised shaft operated 


*This discussion (of the paper William Hall, Am. Soc. E., published 
January, 1922, Proceedings, but not. presented any meeting the Society), printed 
order that the views expressed may brought before all members for further 
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from the lock wall, the shaft turning geared wheels proper intervals 
beneath the shutters. The time required raise them against the water pres- 
sure. was matter of. indifference, the longer the time, the less the power 
required. clung this idea even after meeting the late Col. William 
Merrill, Corps Engineers, Am. Soe. E., his successor charge 
the Ohio River, who had but recently returned from France, where had 
seen and was greatly pleased with the Chanoine wickets the Marne and 
Upper Seine Rivers. Concerning the project Mr. Alonzo Livermore who 
constructed the locks and dams the Green River, Kentucky, Mr. 
Roberts made objection placing contrivance the form down- 
river extension chutes dams, arranged that current velocities could 
reduced sufficiently enable ascending steamers pass through the chutes. 
Mr. Livermore was demonstrate the feasibility his project, which, although 
theoretically practicable for clear water, might not have been advisable for 
rivers which snags and drift complicated the problem during floods.. 

historical review other ‘projects for river improvement, submitted 
Mr. Roberts for his opinion, may permissible refer briefly some 
them. The most important these was suggested, years prior the Civil 
War, Col. Charles Ellet, distinguished writer river hydraulics, well 
railroads and bridges. 

Based ten years’ records rainfall river discharge Wheeling, 
Va., made under his personal supervision, Col. Ellet demonstrated that 
6-ft. minimum 9-ft. maximum stage could permanently maintained 
the Upper Ohio, provided the excess flood water tributaries could 
stored reservoirs. This project was ably set forth Col. Ellet and Mr. 
Morris, attract much public attention and was even favorably 
considered Congress which was about appropriate large sum for start- 
ing surveys for reservoirs, when Mr. Roberts, almost alone his opposition, 
interposed with his pamphlet entitled, “Practical Views Ohio River Im- 
provement”. showed that, 1847, have had full control storm 
waters, the reservoirs above Wheeling should have had capacity over one 
trillion feet. His strongest point was that the records indicated the 
that some the more important reservoirs would have been full 
when certain floods Other river engineers, including Col. McD. 
Townsend, (Retired), Am. Soc. E., formerly President the 
Mississippi River Commission, have since demonstrated that, great river 
floods frequently originate from comparatively limited areas, for instance, 
such have created very high floods Cairo, such floods might aggravated 
waste waters from reservoirs the head the Ohio, ete. has been 
proved that reduce materially the height great fleods Pittsburgh, re- 
straining reservoirs should near possible the city, for the flood- 
producing storms reaching Western Pennsylvania are only rarely more than 
miles width excessive precipitation. However, rare occasions, Nature 
doubles, even trebles, what termed her excessive precipitation, appeared 
1913 over Northern Indiana and Ohio, just covering about one-eighth 
the Allegheny River water-shed. That one-eighth, however, with precipita- 
tion from in., produced flood which Pittsburgh, 100 miles below, 
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was greater discharge than any preceding flood developed from more than 
triple the same storm area. Had the 1913 storm moved eastward only miles 
farther, careful study indicates that, Pittsburgh, the flood would have been 
least ft. higher than the record flood 1907. useless attempt 
estimate the damages which would have resulted from such flood the 
towns, bridges, etc., above Pittsburgh. The 200 acres low land embraced 
the business that city, with currents from miles per 
hour, from ft. depth, through its streets, can imagined not 
described. What would have been left for salvage the city would have 
been chiefly steel beams, protruding from great area gravel, building 
materials, etc. talk restraining reservoirs for such floods, least for 
the area above Pittsburgh, waste time. From the evidence the topog- 
raphy the Allegheny Valley, glacial drift remains, such flood has 
Pittsburgh since the last flood waves the glacial epoch passed 
along the Upper Ohio Valley not less than 10000 years ago. 

Wrong impressions the transportation capacity the Ohio River, 
when finally improved, should not perpetuated the publications the 
Society. the first importance that Congress should not vote away 
public funds projects that will not adequately benefit the public interests. 
More and more being demonstrated that without the utilization the 


inland waterways cheapen transportation the seaboard, all hope 


world-wide extension commerce must abandoned. The railways now 
staggering under the loads imposed them, would greatly relieved 
some, such coal, and other items low intrinsic value, could taken 
from them. 

unfortunate that the river engineers the United States competent 
portray the advantages waterways are, way, debarred from promul- 
gating their views, but must usually confine themselves the engineering 
duties assigned them. the subject the real potential capacity the 
Ohio when improved throughout its entire length, Mr. Hall writes* follows: 

“The capacity the river for package and barge freight, when the im- 
provement completed, would easily 000 000 tons annually and possibly 


double treble that quantity. However, during the months the dams are 
up, the lockage capacity would much below that rate.” 


From such statement the inference that locks 600 ft. long 110 ft. 


wide (the same width provided for the Panama Canal), and feet 


gate-sills, would “much below” capacity 000 000 tons annually. 
the Pittsburgh Engineer District there are included ten locks 600 ft. 
110 ft. the Ohio, three locks and dams the Allegheny River, and fifteen 
locks and dams the Monongahela River. Six the dams the Monon- 
gahela, next order above Pittsburgh, are provided with twin parallel locks 
averaging lift about ft., with available chamber dimensions 360 ft. 
ft., with limiting depth, one lock, 9.2 ft. gate-sills, to, and includ- 
ing locks, Dam No. Yet, during 1920, with practically all the traffic being 
compelled pass through the locks, there was accommodated 000 000 tons. 
Proceedings, Am. Soc. E., January, 1922, 


| 
| 
| 


734 DISCUSSION: LOCKS AND MOVABLE DAMS OHIO [Papers. 


The lock most used was Dam No. where for three months during 1920, the 
traffic was confined one lock chamber. During this period three months, 
there were passed through the single lock one day 93000 tons, with not 
quite all the time available for locking utilized. The tonnage was nearly all 
down stream, while empty fleets (which might well have been loaded) 
passed upward. Upward bound fleets meeting descending fleets have both 
been passed through Lock No. min., although min. are usually 
allowed (single steamers, course, both directions considerable less 
time). this traffic through single lock Dam No. been maintained 
for year 280 days, would have amounted nearly 000 000 tons. 

Only stern-wheel boats equipped with balanced rudders are used the 
Monongahela. When backing their wheels, these boats develop enormous 
steering power, and are capable doing such business safely the narrow 
confines lock approaches. Collisions vessels serious damages lock- 
gates are rare occurrences the Monongahela. boats”, inde- 
pendent double-screw boats, will probably never built for the rivers about 
Pittsburgh, they are all deficient steering power. Pittsburgh the seat 
inland waterway transportation, more than equalling the present tonnage 
the entire Mississippi and its tributaries below the city. Here, also, were 
made, much cost, experiments with bear-traps, Chanoine wickets, roller 
lock-gates, leading further improvements elsewhere the river. 
There better school than “the school experience”. 

Monongahela locks will now compared with those built, process 
construction, the Ohio. Fleets 9000 tons have been frequently passed 
down the Ohio through Locks Nos. and which locks have the same 
dimensions all locks the river below Louisville, Ky., 600 miles below 
Pittsburgh. These fleets were passed through these locks, generally min., 
and ascending fleets meeting descending fleets, including the time required 
filling the lock chambers, were passed min. Considering adverse winds, 
and contingencies freshet currents approaching locks, considered safe 
say that fully 10000 tons per min. could passed down the river, and 
theoretical tonnage nearly equal amount might passed up. Therefore, 
min. would permit twenty-eight down, and twenty-eight up, lockages 
per diem. Ignoring up-stream tonnage and restricting down lockages 
000 tons would make possible down tonnage 224000 tons daily, com- 
pared with the 93000 tons daily for single lock the pre- 
viously referred to. 

The writer has been charge for more than years locks 
and dams and fully aware the liability locks being closed for repairs, 
necessity for which times may put lock out commission for extended 
periods. The Ohio locks, however, have important advantage over those 
the Monongahela, where there navigation, the fact that, 
the Ohio, repair work often practicable during the periods open-river 
navigation, when the locks would not used passing vessels. Doubtless, 
however, Ohio River dams, due time, necessity arises, will provided 
with second locks, such are already constructed the Emsworth Dam 
the Ohio, miles below Pittsburgh. 
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open-river conditions will maintained longer the Ohio River below 
Wheeling, miles below Pittsburgh, than above that point, there will 
greatly lessened dependence locks below the river Cairo. With open- 
river conditions, the capacity the Ohio for traffic, course, would exceed- 
ingly great, but one must not unmindful the fact that, for regular 
annual traffic the Ohio, the worst low-water conditions should assumed, 
for the traffic not dependent weather conditions, but comes from human 
needs—“the law supply and demand.” can depended that the 
capacity the river when the growth traffic demands it, can made con- 
ssiderably over tons per annum passing any given point, more 

four times the present annual traffic the Monongahela River with its 
small locks and open-river navigation. 

the risk unduly prolonging this discussion, the writer urges atten- 
tion important topic raised Mr. Hall the last paragraph page 8.* 
concerns, says, the “fallacy free rivers” improved and maintained 
the Government and left for “Tom, Dick, and Harry” rival each other 
picking package freight and cutting each other’s throats with lower and 
lower rates, until finally profit possible. present, the Ohio is, 
considerable extent, only playground for the owners small locally owned 
boats engaged short-distance transportation. Under such circumstances, 
responsible companies will undertake construct large scale, first-class 
terminals and operate steamer and barge lines schedule time, and never 
will, until something done under the auspices the Government. The 
writer saying this does not wish discredit several small companies re- 
cently organized place steamers the river above Cincinnati Pittsburgh. 
They are doing well and their business increasing. 

time there must come the Ohio, steel barge lines towed fleets for 
long-distance transportation, that is, freight towed fleets separate from the 
miscellaneous light traffic possible for fast passenger boats, before traffic 
worthy attention will developed. The barges will have loaded the 
mills and mines 500 1000-ton lots, otherwise, the old low ton-mile rate 
will never revived. Rivers this respect are way different from 
railways. However, with rivers, maintenance “roadbed” necessary. 

The writer, several years ago, stated published article that the freedom 
navigation the Western rivers had led almost the entire extinction 
traffie them. Nevertheless, best that the rivers left free, for 
other than physiological reasons. charter companies, would lead the 
development animosities fraught with mischief. 

revive interest the rivers, the writer proposed plan somewhat 
follows: First, the appointment commission the Government directed 
every important commercial manufacturing community along the 
rivers (say, for trial section the Ohio between Pittsburgh and Louisville, 600 
miles), the navigable tributary streams included, obtain information 
their commercial manufacturing resources, tonnage traffic, 
Second, that the commission authorized meet boards trade promi- 
nent business men and inform them that for the cost modern terminals 
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and railway connections the Government would subscribe 51%, provided the 
citizens the locality subscribe 49% said cost, the Government guaranteeing 
34% all private investments (approved the commission, and, later, 
course, indorsed the National authorities). Third, that boat lines, steamers, 
barges, repair yards, etc., organized the large cities the same basis, 
profit the operation boat lines terminals excess 34% 
the total investment capital including maintenance, renewal plants, 
ete.; any further profit desired private subscribers found only the 
extension their business trading with distant markets secured them 
the boat lines. 

The writer’s conviction, was and that this the best and surest method 
interesting vast numbers people the benefits inland navigation. 
Any small companies desiring compete with the semi-national boat lines 
should allowed so, except that they should pay proper charges, where 
they utilize the National terminals. All the Government desires develop 
the usefulness the rivers. private boat companies can organized 
business, reasonably large scale along the rivers, rates lower than the 
official rates, then the “official” boats can withdrawn from the trade and 
utilized elsewhere. terminal landings, where such would 
abandoned for lack income, should refunded. 

With this proposition nothing would done the Government unless 
was amply assured the data secured the investigating commission. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Acting Secretary prior the final publication. 


HUBBARD MOYLAN FEILD, Am. E.* 


11TH, 1920. 


Hubbard Moylan Feild was born Petersburg, Va., June 4th, 1872. 
was the son Colonel Everard Meade Feild, old Virginia stock, and 
veteran the Confederate Army, which served throughout the Civil 
War. His mother was Maria Louisa Fox, Pennsylvania. 

Mr. Feild was one family five boys and five girls, being the third 
eldest the boys. said that was real boy, with strong body and 
active mind, much interested everything pertaining Indian lore 
and outdoor life and adventure. was leader his school days and apt 
his studies, qualities which acquaintances and comrades his later life 
recognized his maturity. 

When was about eighteen, received appointment the United 
States Naval Annapolis, where spent about two years. His 
next experience was railroad work, the State Texas, for the Brazos 
River Channel and Dock Company, and the Terminal Railway, dur- 
ing which time took special course the University Texas. 

Shortly after this, Mr. Feild’s career tropical work began Costa 
Rica, Central America, where was employed Locating Engineer the 
Banana River Railway. was this time that the well-known developer, 
Mr. Minor Keith, proposed and made contract for the sanitation of, 
and municipal works for, Port Limon, Costa Rica. The execution this 
work was entrusted Feild, who carried out prompt and 
cient manner, exhibiting executive qualities which led further responsi- 
bilities entrusted individuals and companies undertaking that very diffi- 
cult task construction, under tropical conditions. remained Costa 
Rica until 1906, Superintendent and Maintenance Way Engineer 
the Northern Railway. 

Mr. Feild’s later enterprises included railway building the Republic 
Panama, Honduras, and Cuba, for the United Fruit Company and its allied 
corporations. also had the contract for the sanitation Port 
Almirante the Republic Panama. 

The writer intimately acquainted with most the work done Mr. Feild 
and can state that much was carried out the face the same difficul- 
ties which confronted the builders the railroad the Isthmus 
Panama. Later years, course, brought relief from the menace yellow 
fever with which his earlier labors were involved. 

Mr. Feild had the capacity the loyalty his men the last 
degree, quality without which impossible execute tasks amid the dis- 
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couragements and natural depressions obtaining these latitudes. 
The writer, from his intimate acquaintance with Mr. Feild, would bear 
testimony the winning and staunch qualities which were part him. 
was always ready lend hand, indeed his purse, when call deserving 
need came him. never lost his faith human nature, and his entire 
career furnishes example optimism which may well model for his 
fellow members. 

his later life, Mr. Feild made his home New Orleans, La., where his 
house was ever open his friends. His last days, though clouded with suf- 
fering, were made bright heroic fortitude and the loving care his 

survived his wife, who was Miss Edith Sears, Boston, Mass., 
son and daughter. 

Mr. Feild was elected Member the American Society Civil 
October ist, 1913. 


SIR JOHN KENNEDY, E.* 


Diep 25TH, 1921. 


Sir John Kennedy was born Spencerville, Onf., Canada, September 
28d, 1838, the son William Kennedy Dumfriesshire, Scotland. the 
age sixteen, came Montreal, Que., Canada, and entered the employ 
the late Thomas Keefer, Past-President, Am. Soc. E., who was con- 
the first system water-works for the city. was this practical 
manner, together with supplemental study, that the boy obtained his knowl- 
edge engineering, but steadily advanced his Profession until 
became one its leading authorities this Continent and was also recog- 
nized the Engineering fraternity abroad. served Chief Engineer 
the Great Western Railway System, and 1875 until 1907 the Chief 
Engineer the Montreal Harbor Commission. From 1907, until his death, 
was the Consulting Engineer that body. was also member 
many important Royal Commissions and was widely consulted engineering 
matters. 

was knighted New Year’s Day, 1916, recognition his 
tinguished services, and March, 1917, McGill University conferred him 
the degree LL.D. May, 1921, received the degree from 
McMaster University, and these are only few the many honors bestowed 
him recognition his marked ability and sterling qualities. 

Sir John was married 1865 Miss Louise Scott, Montreal, and 
Lady Kennedy, together with two daughters, Lady Ames, Geneva, Switzer- 
land, and Mrs. Kennedy, Montreal, survive him. 

the funeral service, his pastor, the Rev. Orchard, paid the fol- 
lowing tribute respect and love the memory Sir John Kennedy, and 
his greatness mind and simplicity character during life time 
years: 
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“There is, great scholar has pointed out, philosophy history. 
spread the broad expanse centuries before the mind, strong leaders 
stand out here and there like great rocks relieve the dreary wastes and 
the shadow their strength and courage the multitudes have been sheltered 
from the storms superstition, vice, and ignorance. There sense which 
all humanity rests the shadow its great 

“The natural thing say first tribute the life Sir John Kennedy 
that was genius the realm Engineering. The divine and human 
factors that entered into the endowment his mind, made him easy 
master the intricate tasks and problems that calling. was his playful 
boast that began his engineering career the age thirteen and indeed 
did, that age, run the engine his father’s mill Aylmer. was 
not graduate the schools universities. Knowledge acquired, but 
genius gift, and Kennedy was genius. Despite his modesty, 
recognized his gifts, regarded them holy trust, and from first 
last, sought use them the interests his fellow men. How well 
succeeded indicated the opening words editorial that appeared 
yesterday’s press: ‘Sir John Kennedy dead, but imperishable 
remains—the Harbor Montreal. him more than any other man, the 
country owes its great National harbor’. his death Montreal lost one 
her most widely known and most greatly loved and honored citizens.” 


the meeting the Engineering Institute Canada October 27th, 
1921, the writer, after the following remarks: 


“There are few who have had the opportunity intimate and long 
engineering professional connection with the late Sir John Kennedy 
the speaker. 

“Thirty-eight years ago, was good fortune join the Staff the 
Harbor Commissioners, whose Chief Engineer was John Kennedy. During 
the whole the thirty-eight years, connection with the improvements 
the River St. Lawrence Ship Channel, the development harbors 
Canada, and especially the development the Port Montreal, has been 
good fortune associated with the great Engineer who has to-day been 
laid rest. 

1886, was small thing employed under John Kennedy. 
Until the day his death, was small matter professionally associ- 
ated with the great consulting engineer, whose loss will loss this city 
and this country. 

“Sir John Kennedy was eminently engineer. personality, courage, 
industry, and skill, combined all the essentials that great Pro- 

ession. 

“When was first privilege know him, was profound student 
engineering, and until the very last still continued so. Many pro- 
fessional men have received inspiration from Sir John Kennedy, and now 
gone, has left monument integrity, skill, and which 


will inspiration all, and especially the members this Institu- 
tion.” 


proposed the following regolution: 


“Resolved: That the Chairman, Executive and Members the Engi- 
neering Institute Canada deeply mourn the death Sir John Kennedy, 
but that they feel consolation the thought that their late friend and confrére 
was spared ripe old age, give the benefit his sound advice and counsel 
the Institute, well the members personally. The Montreal Branch 
the Institute desirous putting perpetual record some the notable 
acts its late friend, both his public and private life, that his career 
will inspiration those who come hereafter: 
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“Sir John Kennedy was eminent engineer, both the Continent 
America and abroad, and his sound professional judgment was invoked 
many occasions and his suggestions carried out successful issue. the 
field hydraulic engineering, mechanical, and construction problems, his 
genius was outstanding. 

“Notable among his successes was the deepening the River St. Lawrence 
and the development the Port Montreal, under the Harbor Commis- 
sioners. The manner which out the improvements the River 
St. Lawrence Ship Channel outstanding, and the methods adopted and 
the mechanical means that end are still, many particulars, followed 
successors. 

“In paying this last tribute our departed friend and counsellor, can- 
not forget the part took the inception this Society, and the constant 
attention gave its problems and welfare. 

“As citizen was beyond criticism, and although took active 
part civic government, his advice was often sought and freely given. His 
Christian character without reproach, and his domestic relations were 
the happiest. 

“The members the Montreal Branch the Institute offer their heartfelt 
sympathy the family and relatives, and pray that consolation will af- 
forded them dwelling the record left him after long and suc- 
cessful career. the partner his life’s joys and sorrows, especially 
tender our sympathy, and trust that Lady Kennedy will yet long spared 


Sir John Kennedy was elected Member the American Society Civil 
Engineers September 1875, and served Director the Society 
from 1898 1900. 


JOHN CHARLES QUINTUS, Am. Soc. E.* 


Diep NoveMBER 27TH, 1921. 


John Charles Quintus, the son Jacob and Catherine Quintus, was born 
Sheboygan, Wis., October 8th, 1856. His parents were Hollanders, who 
came the United States 1847, his maternal ancestors having been French 
Huguenots who fled Holland religious persecution. 

1858, the family Grand Rapids, Mich., where Mr. Quintus 

received his elementary education. entered the University Michigan 
1875, and was graduated 1879, with the degree Mining Engineer. 
practiced mining engineering for about one year after leaving college, 
and then entered the Government service with the Mississippi River Com- 
mission St. Louis, Mo., and for about six yearg was employed principally 
triangulation work the Mississippi and Missouri Rivers. 1886, 
was transferred the Lake Survey, and was stationed Grand Rapids, 
Mich. 1887, began work the Buffalo District, Engineer Department 
Large, Erie, Pa., where remained for eight years, local charge 
harbor improvement work, consisting dredging, pier and jetty construction, 
and shore protection work. 
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1895, was transferred Buffalo, Y., and shortly after the transfer 
became Principal Assistant Engineer the Buffalo District, which posi- 
tion served until February, 1915. February 26th, 1915, Mr. Quintus was 
promoted, and appointed Assistant Engineer the office the Division Engi- 
neer, Lakes Division, Buffalo, Y., aiding the supervisory charge all 
the harbors and connecting channels the Great Lakes and tributaries, from 
Duluth, Minn., Ogdensburg, Y., which position served until his death. 

December 24th, 1886, Mr. Quintus was married Miss Nellie Nellis, 
Mount Clemens, Mich., who, with one daughter, Katrina, survives him. 

Mr. Quintus designed the rubble mound breakwater for the extension 
the Buffalo Breakwater System Stony Point. This structure, with its 
closely paved top large stone and long sloping lake face, and will remain 
monumental structure. also designed the Black Rock Ship Lock and the 
steel sheet-pile coffer-dam that was used the construction the lock. 
believed that this was the first time that this type square, clay-filled, 
connected pockets steel sheet-piling was ever used for coffer-dam. 
modified form this type was used later for raising the Maine, 
Havana Harbor, and has subsequently been used quite extensively where 
limited room makes expensive type dam necessary. 

Mr. Quintus was member the Chi Psi Fraternity and the Westminster 
Club, and, one time, was also member the University Club Buffalo, 
but being home-loving man, did not maintain his membership this 

was quiet, kindly man who, though decided his opinions and 
exact his methods, was never harsh his treatment his subordinates. 
was remarkably well versed the laws and regulations pertaining 
the Engineer Department Large, both letter and spirit, well 
the design and construction work for the improvement the harbors 
and connecting channels the Great Lakes; and this knowledge was great 
value his superiors, whom was thoroughly loyal, faithfully carrying 
out their ideas, even though times they were variance with his own, and 
was highly esteemed all of. them. 

His unswerving fidelity the Department which served for more than 
forty years can said his outstanding characteristic. the words 
one the Senior Colonels the Corps Engineers, with whom Mr. Quintus 
had served continuously for the past eleven years, “He was most valuable 
servant.” 

Mr. Quintus was elected Member the American Society Civil 
Engineers January 2d, 1889. 


ANSON MORSE Assoc. Am. Soc. E.* 


Diep January 5TH, 1922. 


Anson Morse Blenus was born Worcester, Mass., 1873, where 
received his common and High School education. Later, this was supple- 
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mented special courses the Mechanics Institute and Columbia 
University. 

His early days were spent the employ contractors Time Clerk, 
Material Clerk, and Foreman. 

During the Spanish War, Mr. Blenus served aboard gunboat the 
United States Navy Assistant Engineer. the following year, went 
South Africa and, during the Boer War, served with the British forces, 
the Royal Engineers, developing and operating the emergency water supply 
for the garrison during the siege Ladysmith. 

the following year, Mr. Blenus returned New York City and entered 
the employ the George Mulligan Company, which firm sent him Cape- 
town, South Africa, where was charge its work for several years. 

1909, entered the employ Jones, Civil Engineer, and took 
part the power development and the construction the underground 
conduit system for the City Reading, Pa. During this period, also had 
charge the underground system for the New York, Westchester and Boston 
Railroad Company. 

During 1912-14, Mr. Blenus was employed the capacity Designer 
the offices the Pearson Engineering Corporation, and took part the 
Sorocaba Paulo), Brazil and Ebro (Spain) Projects. 

1914, entered the Engineering Department the Interborough 
Rapid Transit Company the Manhattan Elevated Improvement, and 
1917, joined the Construction Division the Texas Company Designing 
Engineer. 

entered the employ the Foundation Company, 1918, Designer 
and, 1920, joined the Canadian Engineering Agency, Incorporated, 
like capacity. held this position the time his death from toxic 
poisoning supervening fever which had contracted while South Africa. 

Mr. Blenus was married October, 1905, Clara Mabel Baker who, with 
daughter, Madeline L., survives him. 

was man pleasing personality and social disposition, who made 
friends easily and was liked and respected all his associates. 

Mr. Blenus was elected Associate Member the American Society 
Civil Engineers July 6th, 1920. 


FRANKLIN LINCOLN GIBBONEY, Assoc. Am. Soc. E.* 


Diep 20TH, 1921. 


Franklin Lincoln Gibboney was July 15th, 
1882. received his early education the schools his native 
town, and was graduated 1904 from the Virginia Polytechnic Institute, 
Blacksburg, Va., with the degree Bachelor Science Civil Engineering. 

May, 1904, accepted the position Assistant Engineer the City 
Roanoke, Va., which capacity had charge street and sewer im- 
provements for that city. 
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September, 1909, Mr. Gibboney was elected City Engineer Roanoke, 
and was re-elected such for nine consecutive terms, until 1918. was, 
also, for short time afterward, connected with the State Highway Com- 
mission Virginia. 

1919, was appointed Material Engineer the State Highway 
Commission North Carolina, which position held the time his 
death Charlotte, C., November 20th, 1921. 

survived his wife and one son, William, and his parents and 
two brothers sisters. was happy disposition and drew around 
him wide cirele friends who mourn his loss. 

Mr. Gibboney volunteered for service and was commissioned First Lieu- 
tenant the Engineering Department the American Expeditionary Forces, 
having been ready for duty when the Armistice was signed. 

was consistent and faithful member the Protestant Episcopal 
Church, and was prominent Fraternal circles. was member the 
American Association Engineers and the North Carolina Society 
Civil Engineers. 

Mr. Gibboney was elected Associate Member the American Society 
Civil Engineers October 31st, 1911. 


RICHARD TUGGLE GOODWYN, JR., Assoc. Am. Soe. E.* 


1921. 


Richard Tuggle Goodwyn, Jr., was born Montville, near Aylett, Va., 
June 23d, 1892, the son Richard Tuggle Goodwyn and Sally (Aylett) 
Goodwyn, both Virginia. 

Trained the preparatory schools St. Charles Military Academy and 
Rugby Military School St. Charles, Mo., entered the University 
Georgia 1909 and was graduated 1918, with the degree Bachelor 
Science Civil Engineering and with notably fine record. 

undergraduate, Mr. Goodwyn held-commissions Second Lieu- 
tenant, Company (1912), and Captain, Company the University 
Battalion. was Secretary-Treasurer the Engineering Society, mem- 
ber the Sine and Tangent Club, Editor Chief the Annual, 
and Vice-President the Senior Class. 

the fall 1913, Mr. Goodwyn began his professional career Civilian 
Assistant the United States Engineer Corps, Brunswick, Ga., river and 
harbor work; and shortly afterward accepted service Valuation 
with the Interstate Commerce Commission, with headquarters Chattanooga, 
Tenn. 

remained this service, with rapid promotion, until the United States 
entered the World War. His first effort enlist volunteer the Army 
was barred unfavorable medical report; but, further effort, secured 
transfer Private into the Fifth Regiment, Engineers, A., and was 
shortly afterward commissioned Second Lieutenant Engineers. 
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Having received his discharge from the Army December, 1918, Mr. 
Goodwyn resumed his position with the Interstate Commerce Commission. 
January, 1920, was appointed the State Highway Department 
Georgia charge the State highways the Eighth 
Congressional District, with headquarters filled this position 
with exceptional efficiency until his tragic death November 8th, 1921. 
While the discharge his duty, was accidentally killed, his automobile 
having overturned from embankment, dark rainy night, the 

River Bridge, near Covington, Ga. 

was member the American Association Engineers and the 
Society Military Engineers. was associated with the Chattanooga 
Branch the American Legion, and was faithful and active member 
Emmanuel Church, Athens, Ga. 

Young years, Mr. Goodwyn had, singular degree, won the confidence 
his professional associates and the public with whom his large 
responsibilities brought him contact. 

Under the most difficult post-war conditions, charged with the detailed 
planning and construction about 500 miles main State highways, involv- 
ing large expenditures funds arising co-operation from the Federal 
Government, from various counties, and from the State Georgia, estab- 
lished reputation for sound engineering and executive judgment, for untiring 
energy and singleness purpose, for scrupulous integrity and effective per- 
formance which exemplify the finest and best ideals the Engineering 
Profession. 

Distinguished fine intellect and high personal character, pleasing, 
quiet, but firm bearing, habit thorough mastery facts and details, 
unswerving sense duty, sympathetic understanding men and 
power leadership, unassuming but controlling religious spirit, Mr. 
Goodwyn leaves record professional and personal worth which keenly 
emphasizes the sadness his untimely death and the loss his chosen 
profession. 

Mr. Goodwyn was elected Associate Member the American 
Engineers September 12th, 1921. 


RALPH EWART ROBSON, Assoc. Am. Soc. E.* 
Diep 1921. 


Ralph Ewart Robson was born Sioux City, Iowa, June 27th, 1886. 
His father was John Ewart Robson, Engineer and Contractor, whose 
sudden death 1899 placed the boy the duties contributing the 
family support and securing education for himself. Principles industry 
and activity had been early him both his parents, and these 
principles adhered with unflagging energy his death. 

The boy attended Grammar and High School Sioux and was 
graduated from the latter 1904, President his Class. Although 


Memoir prepared Thomas Means, Am. Soc. 


Memoirs. MEMOIR RALPH EWART ROBSON 


was far from robust lad, found task too difficult, labor too 
arduous, long meant continuance his education. After his 
graduation, joined surveying party with the late Brig.-Gen. (then Col.) 
summer and early fall Yellowstone National Park. was ill after his 
return and, the spring 1905, his health not being good, went Cali- 
fornia. After more than year hard work various parts the State, 
entered the University California, from which was graduated 
1911, with the degree Civil Engineering. was member 
the Delta Tau Delta Fraternity. 

help out his and enable continue college, Mr. 
Robson went Alaska the spring 1908, with the Fremont-Morse party 
establish the boundary between the United States and Canada. While still 
college, wrote and had accepted for publication various periodicals, 
articles the work Alaska, illustrated with his own photographs. 

After his graduation from the University California, Mr. Robson 
entered the employ Sloan and Robson and while with this firm worked 
designs for water and sewer systems for various California municipalities. 
was also Superintendent Engineer Charge several projects, 
Fullerton, Anaheim, Tulare, and other places. 

January, 1914, became interested the plan the Atascadero 
Colony near Paso Robles and there, under Cory, Am. E., 
who was Chief Engineer, stayed two years, becoming Resident Engineer 
the project before left 1916. 

Maintaining the interest military affairs which began when was 
child, Mr. Robson attended the first Civilian Training Camp held Monterey 
July, 1916. the late summer the same year, went Utah for the 
Utah Copper Company, superintend the construction leaching plant. 
returned California and, January, 1917, went the Anderson-Cot- 
tonwood Irrigation District, where remained until May that year, 
when entered the First Officers’ Training Camp, the Engineering Section, 
the Presidio San Francisco. The Engineers were transferred Van- 
couver Barracks, Washington, complete their course, and there Mr. Robson 
was graduated, August, 1917, with the rank Captain Engineers and 
was once assigned Commanding Officer Company 316th Engineers, 
Camp Lewis, Wash. was training troops and preparing for overseas 
duty until June, 1918, when with the remainder the regiment, together 
with all the 91st Division, left for France, where his company joined 
the American Expeditionary and received the final training which was 
prepare for active combat work the front line. 

Mr. Robson’s part the World War, fellow officer, Captain Ross 
Mahon, has the following say: 

“From the day which Company was Ralph Robson 
evidenced the characteristics and attributes which are required for the highest 
type American officer. Through the long, hard weeks the early training 
period, applied himself untiringly the work building the most 


efficient kind organization. Night and day labored overcome 
the difficulties which presented themselves. detail was small un- 
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important that could overlooked. who knew him realized 
that Ralph Robson was, perhaps, the most sincere and thoroughly earnest 
officer the regiment. Again, for six weeks the hard grind 
training continued French soil and the love and loyal devotion that Captain 
Robson received from the men and officers under his command, did more, 
perhaps, than any other one thing produce efficient fighting unit from 
the 250 untrained men who had reported him twelve months earlier. 

Robson, with his company, took part the St. Mihiel Offensive 
and the Meuse-Argonne Offensive, after which the 316th Engineer Regiment, 
with the 91st Division, was shifted the Flanders front. October 
and just before his company went into the front line the Ypres-Lys 
Belgium, Robson was detached from Company and, although 
still Captain, was given command the First Battalion during the interval 
when was actively engaged combat, from November November 
10th, 

November 10th, received his promotion Major and from that 
date until the final mustering out service May, 1919, retained com- 

“All who knew the man through those two years have only the highest 
words praise for Major Robson. His devotion duty, his absolute 
sincerity, his love and regard for his fellow men, his square dealing, and his 
unfailing good nature, will live long the memories his comrades arms.” 


The award the Belgian War Cross the Belgian Government was 
made Major Robson for the following services rendered, the citation read- 
ing follows: 


“On October 31, 1918, and November 1918, handled his Battalion 
very efficient manner the reconstruction roads and bridges the 
vicinity Waereghem, Belgium, permitting the early advance the Divi- 
sional Trains and Artillery.” 

After his return from Major Robson became Manager the 
American Seedless Raisin Company’s vineyard near Livingston, Calif., where 
his tireless energy and ambition enabled him perform his duties the 
most satisfactory manner, study and review his French, and take Exten- 
sion Course Viticulture and one Military 

February, 1921, became associated with the Cope Rand Means 
Company, San Francisco, Calif., and made his home Berkeley. put 
forth all his efforts toward making place for himself the engineering 
world, making every minute count, studying irrigation engineering, writing 
paper the “Work the American Divisional Engineer France,” 
and renewing college friendships and making new ones. 

September, 1921, was appointed Resident Engineer the Tule and 
Baxter Creek Irrigation Districts, Lassen County, California. While per- 
forming his duties for the Irrigation Districts, was killed instantly, 
October 14th, 1921, when the car was driving ran into guy wire which had 
been stretched from haystack across public road. 

The news his sudden death came appalling shock his host 
friends the United States, France, and Belgium. seemed queer turn 
Fate that man vital, forceful, who had faced death battle 
front and come through unscarred, should lose his splendid life such 
accident. 


His magnificent physique, won his outdoor work and his clean living, 
made him ideal figure the best type American soldier, and those 
who saw him his unform, will remembered Major Robson, the 
tall, fine-looking officer with his erect carriage and soldierly bearing, his 
rare personal magnetism, and, the end, his military funeral Berkeley 
where his brother officers performed their last service for their beloved com- 
rade. most his friends will always “Ralph Robson”, which 
would have it. all who knew him, was unforgettably gracious 
friend. 

“F’en trod that day God walked from his birth, 
simpleness and gentleness and honour and clean mirth.” 

June 30th, 1913, Mr. Robson was married Berkeley, Calif., Miss 
Barbara Reid, classmate the University. survived his wife, his 
mother, two sisters, and brother, Robson, Assoc. Am. Soc. 
was member the Paso Robles Lodge Masons. 

Mr. Robson was elected Junior the American Society Civil En- 
gineers, October 3d, 1911, and Associate Member June 3d, 1915. 


ELIOT NICHOLS SMITH, Assoc. Am. Soe. E.* 


1921 


Eliot Nichols Smith was born East Hartford, Conn., August 6th, 
1878, English ancestry. His father was John Smith and his mother, 
Lucy Nichols Smith. The family was long settled New England, and 
Eliot Smith’s youth was spent Connecticut. great-grandfather named 
West served the Revolutionary War; entered private, was afterward 
made Sergeant, and, finally, became surgeon. 

Both Eliot Smith’s grandfathers were ministers. Grandfather Smith preached 
only being interested medicine and farming well. Grand- 
father Nichols was Congregational minister Connecticut for many years. 
His salary was only $450 year, was necessary not only that should 
practice rigid economy, but that should raise much possible his 
few acres. Eliot Smith was thought resemble this Grandfather Nichols. 
had the same instinctive hatred waste, equally strong love hospitality, 
and steady, practical intelligence. 

His father, John Smith, did not have much formal education, but 
studied the Sheffield Scientific School for few months. was always 
prominent Sunday School and temperance work. was eager, impulsive, 
full new and old ideas, and always bursting with his passionate beliefs. For 
most his life, was market gardener and had fine orchards where the boys 
the family worked during the summer, not always, perhaps, their complete 
satisfaction. Indeed, summer was Eliot Smith, the oldest son, distinctly 
was like his mother temperament, and the bond between them 
constantly stronger. 
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the family group there were six girls and three boys, and many were 
their good times, with games, inpromptu entertainments, and music. One 
the sisters, Laura, went missionary South Africa, and brother, 
Harry James, was always interested writing. became well known 
playwright, and was killed during the World War, while Red Cross Service. 

With nature strong and fine like that Eliot Smith, the influence 
the different members the family group with interests diverse, was not 
much specific, general broadening outlook. 

His common school education was received the Model School connected 
with the State Normal School New Britain, Conn., and prepared for 
college Williston and afterward Oberlin Academy, and was graduated 
from Oberlin College 1900. Oberlin, was able satisfy, somewhat, 
his deep love for music. sang the choir, and was the leader the Col- 
lege Mandolin Club. His happiest student days, however, were those the 
Lawrence School, Harvard, from which was graduated with 
honors 1904. 

Mr. Smith’s studies Harvard were interrupted 1901, when accepted 
railroad position Pittsburgh, Pa. contracted typhoid fever while 
this work, from which his recovery was slow trip Colorado was 
deemed advisable. His brother Roy, who was student that time 
Colorado College, writes: 


“During Freshman year was greatly thrilled Eliot’s visit, you may 
sure. lived together the same the time, getting our 
own breakfast, and went off with one two kindred spirits long tramps 
the various mountains and canyons the neighborhood. gained much 
health, got little valuable surveying experience, and returned Harvard 
finish his course.” 


His return Harvard was characteristic. not think will ever make 
any more money going back”, said, “but think life will better 
worth living”, and never regretted his decision. 

Herbert Hale, Am. Soc. E., writes: 


first knew Eliot intimately when and were Assistant Instructors 
surveying the Engineering Camp Squam Lake. had way with 
him that made the students under his care really like the work. That.was just 
prior our Senior year.” 


The following quoted from letter Dean Edwards, Am. 
Soe. 


“Eliot was graduated with our class Civil Engineering 1904 and very 
pleasant relations were established among Cambridge. Eliot took the 
camp courses Squam Lake the summer 1903, and remember par- 
ticularly, great event, the long hike and climb Mt. Whiteface over the 
4th July that year. Eliot was one our party twelve bunking 
barn one night before the Fourth, and carrying his share the baggage 
and enduring the blistered feet with the good nature that made the party 
success and the occasion memorable.” 


After his graduation from Harvard 1904, Mr. Smith went New York 
City and began work Assistant Engineer the new subways, remaining 
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the service the Rapid Transit Railroad Commission until the spring 
1906. Mr. Edwards writes: 


group met again New York after graduation August 1904, 
when entered the employment the Rapid Transit Commission. Seven 
us, Eliot Smith, Sprague, Hogan, Hale, Hanavan, Gilman, and myself leased 
apartment 118th Street, opposite Columbia and lived there together for 
and played the violin our ‘apartment orchestra’, with Hale and Gilman 
assisting artists, back 1904 and 1905.” 


1906, Mr. Smith entered the employ the New York Board Water 
Supply and continued the Catskill Aqueduct work until 1914. The fol- 
lowing quoted from letter John Hogan, Am. E.: 


“Eliot was one the few who passed all three examinations for the Board 
Water Supply with flying colors; was, therefore, one the first 
the Board Water Supply work, and memory not fault, was 
with Sanborn both Hurley and High Falls. was then New Paltz 
for while, and was graduated from there the Poughkeepsie office, coming 
back High Falls assistant after White left. was very hard 
worker and had exceptionally keen and analytical mind. was very 
actively concerned the location the Esopus the 
estimating side. all know that was personally very fine character, 
absolutely honest, both morally and mentally, with very high ethical standard. 
could counted for not only official loyalty, but also for very strong 
personal loyalty. had pleasant manners, ready wit, and keen sense 
humor. associations with him were always most pleasant, and learned 
admire and respect his high gifts character and intellect.” 


this work, Mr. Smith was first engaged Assistant Engineer 
location studies for the Esopus and Wallkill Divisions and was stationed 
New Paltz, Y., for about year. was then transferred the Depart- 
ment Office, Poughkeepsie, Y., and was employed great variety 
problems concerned with the location studies and estimates and the prepara- 
tion information for the construction contracts for the sixty miles 
aqueduct the Northern Aqueduct Department. 

1911, Mr. Smith was assigned the Esopus Division Assistant 
the Division Engineer, and remained this position about year. During 
several months this period, was charge the engineering work the 
Division, which included the first twelve miles the Aqueduct below the 
Ashokan Reservoir and which cost about construct. the 
practical completion the work this Division 1912, Mr. Smith was 
transferred the office the Northern Aqueduct Departinent, which had 
been moved from Poughkeepsie Cornwall-on-Hudson, acting Assistant 
the Department Engineer. During the time was Cornwall, practically 
all the work the Northern Aqueduct Department was brought suc- 
cessful completion. The writers are familiar with Mr. Smith’s ten years 
the Catskill Aqueduct and know how much himself put into this work. 

1914, feeling that the work ‘the Board Water Supply was nearing 
completion, and that his best efforts would forth some new piece 
work engineering, Mr. Smith resigned from the Board, and took his 
residence Nutley, For several months, was engaged the prepara- 
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tion contracts and designs for number projects the vicinity New 
York City, notably new pipe line for Jersey City, 

During these years, began more and more identify himself with the 
first interests the community which lived, longing which his constant 
change residence heretofore, had given little opportunity satisfy. 
became member the Board Trade Nutley, was for four years leader 
troop Boy Seouts connected with Grace Protestant Episcopal Church, 
building from sparse, uninterested membership flourishing organ- 
ization for town service, and served Treasurer the Campaign Committee 
which helped elect Emil Diebitsch, Am. Soc. E., Mayor the town. 

Mr. Smith was appointed the first Town Engineer Nutley, July 
10th, 1916, and served the community that capacity for more than three 
years. was placed the head the newly created Bureau Engineering 
and had responsible charge the inspection buildings under construction 
and the issuance building permits, the maintenance roads and side- 
walks, and the laying all new pavements, the maintenance the water 
system, the extension mains, the making house connections and the 
reading meters, and the construction sewer system covering the entire 
town and estimated that time cost $350000. Starting with less than 
nothing, with patience, perseverance, and industry, Mr. Smith soon systema- 
tized the activities placed his charge and developed effective organization 
which functioned intelligently and economically. introducing the latest 
methods and processes the repair and resurfacing the macadam roads, 
greatly improved the highways without increasing the cost maintenance. 

The work municipal engineering, with all its complex phases, was par- 
ticularly appealing Mr. Smith. liked the personal contact with fellow 
townsmen, the frequent necessity delving into legal matters, and the diverse 
municipal questions connected with economics, study which was 
particularly sound. great aspiration his was serve some community 
the capacity City Manager. 

1919, the regret the Mayor and all others acquainted with his 
work, Mr. Smith resigned Town Engineer and moved Lisbon, 
where home and engaged the wood-turning business. 

was married 1909 Keene, H., Miss Margaret Pollard who 
was Instructor English Vassar College, and woman unusual 
quality. They had four children, two girls and two boys. 

Mr. Smith’s sister Edith writes: 

“There was singular unity about him, utter freedom from self-con- 


sciousness all did. was his job, did with uniform standard 
excellence and thoroughness.” 


“He scarce had need doff his pride slough the dross earth, 
trod that day God walked from his birth, 
simpleness and gentleness and honor and clean mirth.” 
Mr. Smith was elected Junior the American Society Civil Engineers 
April 2d, 1907, and Associate Member June 30th, 1910. 
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The Proprietors the Locks and Canals Merrimack River were incor- 
porated 1792 for the purpose making the stream navigable from tide- 
water the New Hampshire line. The development the water power 
available the Pawtucket Falls, Lowell, Mass., was commenced them 
1821, and since that time this power has been utilized increasing amounts 
the almost continuous addition new and improved water-wheels. Much 
water-wheel history was enacted there during the Nineteenth Century. The late 
James Francis, Past-President, Am. Soc. E., was connected with the Pro- 
prietors the Locks and Canals from November 22d, 1834, until his death, 
September 18th, 1892, and was their Chief Engineer from 1845 his son, 
the late Col. James Francis, Am. Soe. E., followed him that position, 
until Uriah Boyden was closely connected with the developments 
Lowell and the first Boyden wheel was placed the plant the Appleton Com- 
pany, that city. Asa Swain was pattern-maker the Lowell Machine 
Shop and, later, developed and built the Swain wheel, North Chelmsford, 
Mass. The late Hiram Mills, Hon. Am. Soc. Col. 
Francis Chief Engineer the Proprietors the Locks and Canals), first 
came Lowell test wheels for the Swain Company, and James Emerson was 
engaged design Prony brake and, subsequently, began his wheel testing 
there. Herschel, Past-President, Am. Soc. E., various times, 
worked under the late James Francis, Lowell, and Hydraulic Engineer 
the Holyoke Water Power Company, from 1879 1889, built the Holyoke 
Testing Flume 1881. 
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The library the Locks and Canals contains wealth early water- 
wheel history; and view the present interest high-speed and high 
efficiency water-wheels and their settings, particularly for hydro-electric de- 
velopments, has seemed, the present Chief Engineer, that review the 
development the turbine runner and water-wheel settings may timely. 
Many the so-called modern features are from quarter half century 
old, and were common knowledge the men that time. also hoped, 
this paper, call particular attention the splendid work the early 
hydraulic engineers and millwrights. 

review shows that the modern high-speed runner the result 
gradual development brought about ever-increasing demands for more 
power, speed, and efficiency. wheel the high-speed propeller type was 
patented and the market fifty years ago, but the mechanical connections 
through crown gears and belts favored wheels slower speed, and was not 
until the development generator the umbrella type that the high-speed 
wheel came into its own. 

Such review also shows that the desirability of, and the reasons for, 
smooth and easy passages for water-wheel channels were fully appreciated. 
Diffusers and draft-tubes excellent design were use, the scroll was well 
known, excellent settings were often used, and numerous examples relatively 
high efficiency are record. 

During the lattér part the Nineteenth Century, quantity production with 
“eut and dried” installations became all too common, and too frequently the 
value the proper design the waterways and draft-tubes was overlooked. 
The boiler-maker ruled instead the hydraulic engineer. Hydraulic practice 
during the last few years represents some improvements and return many 
the good features developed the middle the last century. 

The writers have not had the benefit the recent experimental work 
wheel design, made the water-wheel builders and their engineers, except 
the results their Holyoke tests, which usually have been available. This 
paper does not attempt discuss the low-speed, high-head runner, nor the 
remarkable development very large units, such some the recent in- 
stallations Niagara Falls. these installations, however, hydraulic condi- 
tions differ but little from those smaller units, and the difficulties are 
usually mechanical and structural. hoped that the subject this paper 
will sufficient interest bring out many additional data that the 
history water-wheel design and practice the United States may better 
known than the present time. 


AMERICAN WHEELS 


The grist-mill.and the saw-mill came this country with the first settlers. 
One water-power developments was built Israel 
Stoughton, 1634, lower falls the Neponset River between Milton 
and Dorchester, Mass., where was about ft. succeeding years 
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now owned the Walter Baker Chocolate Mills. Mill Creek Boston 
Neck, there probably were tidal mills somewhat earlier date, but the 
Neponset development interesting that has been constant use for 
almost 300 years. The mill moved westward with the early farmer, hard 
the trail the frontiersman. The grist-mill was most important com- 
munity center, and many town grew around its water power. All these 
early wheels must have been overshot, undershot, breast-wheels, although 
there may have been flutter-wheels later days. One may read wheels, 
the buckets which were made ox-horns. All these old wheels were built 
the spot meet the conditions the place. 


Fic. BREAST WHEEL, LOWELL, 1844. 


With the coming the Nineteenth Century, the growth the factory 
system began call for power quantities unthought hitherto. first, 
this was met developing the large rivers New England more less 
co-operative basis. The breast-wheel was used almost entirely, and its 
diameter was determined limitations fixing the 
former—the rivers usually were developed stages ft. 
increase their capacity, the wheels were lengthened axially and various me- 
refinements were developed. 1840, these wheels were the common 
prime movers the big textile corporations New England. They 
gave good efficiencies, but were very slow, and were particularly liable 
trouble from ice. They were basicly the same those which had been used 
from time immemorial. more power was required, attention was turned 
toward the turbine, then existing crude state. 
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There had been use France from very early times—Buchetti gives 
the dimensions one the Département Gard 1620*—an early form 
turbine known “roue “tub wheel”, shown Fig. This 
was true reaction turbine. 1804, Benjamin Tyler, Lebanon, 
patented what was known the “Wry wheel. The wording the 
patent obscure, but would appear that the wheel was basicly the same 
its continental ancestor. The remains old wheel saw-mill, Bow, 
(Fig. 3), seem comply closely with the the “Wry Fly”. 
Another early American wheel was the Parker, invented about 1828,+ which 
was adaptation the Barker Scotch Mill. does not seem have 
come into any very general use. 

the same old mill Bow there was pair spiral wheels, installed 
horizontal shaft. (Fig. were reaction wheels, 
cause the rather flat blade angle, gave comparatively high speed under 
low head.t These wheels were replaced pair Rose wheels (Fig. 5), 
which were the impulse type, driven double jet. Rose wheels were 
common the Northern States the early half the Nineteenth Century.§ 

1838, Samuel Howd, Geneva, Y., patented inward discharge 
turbine. seems doubtful whether appreciated the value centripetal 
flow, since, 1842, patented outward-flow wheel. 

Such were the early American wheels. The period the spiral and Rose 
wheels cannot fixed definitely and they may not have been old the 
others mentioned, but that they existed previous 1840. 

Transportation was very limited the first half the Nineteenth Century. 
1840 there were few railroads, and considerable network canals 
over large part the North States. many ways, communities, 
particularly those the interior and the more inaccessible parts the 
were largely self-sufficient, and many the needs were met locally. The 
result was that the water-wheels the period and for some time afterward 
were local origin and more less restricted certain communities. 

This well shown the fact that Howd, instead trying manufacture 
his wheels, licensed builders various localities make them their dis- 
tricts. His agents sold the rights for Middlesex County, Massachusetts, 
the Proprietors the Locks and Canals Merrimack River for about 200, 
and this corporation sold permission use single wheel Solomon Dutton, 
Sudbury, for $20. 

1840, find few large corporations using overshot and breast wheels 
considerable capacity, and great number small mills all over the settled 
districts using undershot, overshot, and breast wheels and various forms 
crude turbines. (Fig. 6.) The need for power was growing, and with the 
development many rivers, the question wheel efficiency was 
beginning attract attention. 

Buchetti, Moteurs Hydrauliques Paris, 1892. 

Hughes, “The American 48, Phila., 1856. 


David Craik, “Practical American Millwright and pp. 145-149, Phila., 1870. 
Ibid., 149. 
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Fic. 5.—FLUTTER-WHEEL AND ROSE 
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Fic. 6.—FLUTTER WHEEL. 
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country, formerly devoted farming, and importing many its neces- 
sities from abroad, was fast spreading westward, and manufactures were 
developing very rapidly meet the growing domestic needs. Since steam 
was still its infancy, and water power was common throughout large part 
the country, the early factories were built where power was available. 
the present time, interesting study the location the manufacturing 
towns New England and note how very many have grown the 
natural falls the various rivers. the large rivers, many the devel- 
opments took place where crude dams and canals had been originally built 
for the purpose inland navigation. 


THE AND JONVAL TURBINES 


Fourneyron installed his first turbine Pont sur (Haute 
France, 1827. (Fig. 7.) was outward discharge wheel which 
the water was admitted axially, turned outward through 90°, and discharged. 
This was the first modern turbine and was very successful. number were 
built, including 14-in. wheel under 354-ft. fall, installed St. Blasier 
the Black Forest Baden 1837.* 


Fic. TURBINE, 1827. 


The Fountaine turbine, was improved Jonval and constructed 
Koechlin, was generally known thereafter the Jonval 
(Fig. 8), and was true axial flow turbine, with the guides plane parallel 


Glynn, “Power Water”, 57. 1853. 
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the runner. was equipped with straight draft-tube and was well 
adapted low heads. 

For many years these two were the principal turbines used 
the latter part the Nineteenth Century, the inward flow turbine, de- 
veloped Francis and Swain, was designed and built highly scientific 
lines Germany and Switzerland. 


8.—JONVAL TURBINE, 1841. 


about 1840, there were, America, number embryonic turbines and 
growing need for prime mover larger capacity and better efficiency. 
1842, Ellwood Morris, paper published the Journal the Franklin 
Institute,* described the Fourneyron turbine then use France. Tur- 
bines had been mentioned the Journal and 1840, but the paper 
Morris 1842 seems have been the first real announcement the outward- 
flow turbine this century. 

1844, Uriah Boyden designed, for the Appleton Company, 
wheel along the lines the Fourneyron turbine. (Fig. 9.) improved 
and refined the foreign wheel both mechanically and hydraulically. His first 
wheel developed efficiency 78%,+ and before many years this type 
turbine was the favorite many the large corporations and was much 
used throughout New England. 


Vol. IV, Third Series (October, 1842), 217. 
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Fic. First TURBINE, 1844. 


Fic. First EXPERIMENTAL WHEEL, 1847. 
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the early part his life, Boyden was one time leather splitter and 
had shop Cambridgeport, Mass. was interested science, and 
1826 the New Jersey Eagle published article him entitled “An Attempt 
Explain the Cause the Warmth the Poles the Earth”. 1838, 
was Engineer the Nashua and Lowell Railroad, but after about 1840, 
his main work was hydraulics. Boyden was the inventor the hook- 
gauge and accumulated considerable fortune from the sale his patents 
water-wheels, which, during the later years his life, enabled him 
devote his time the study pure science, without consideration financial 
return. was particularly interested the velocity light, the compres- 
sibility water, and the study When died 1879, his 
fortune about $230000 was left Harvard College and was used for the 
founding the Harvard Observatory Peru. 

Concerning three Boyden wheels built for the Appleton Company two years 
later, Francis* states: 


“The wooden flume, conducting the water immediately the turbine, 
the form inverted truncated cone, the water being introduced into the 
upper part the cone, one side the axis the cone (which coincides 
with the axis the turbine) such manner that the water, descends 
the cone, has gradually increasing velocity, and spiral motion; the 
horizontal component the spiral motion being the direction the motion 
the wheel. The guides, leading curves, are not perpendicular, 
but little inclined backwards from the direction the motion the wheel, 
that the water, descending with spiral motion, meets only the edges 
the guides.” 


The Appleton wheels were suspended from overhead bearing. Mr. 
Francis states: 


“This had been previously attempted, but not with such success war- 
rant its general adoption. has been accomplished with complete success 
Mr. Boyden, whose mode cut the upper part the shaft into series 
necks, and rest the projecting parts upon corresponding parts box. 
will readily seen that great amount bearing surface can 
easily obtained this mode, and also, what equal importance, 
may near the axis. The cast-iron box suspended gimbals, 


For the diffuser which Boyden fitted most his wheels, 
Francis may again quoted: 


“The object this extremely interesting invention, render useful 
part the power otherwise entirely lost, consequence the water leaving 
the wheel with considerable velocity. consists, essentially, two sta- 
tionary rings dises [there was least one example diffuser built 
integral with the runner] placed concentrically with the wheel, having 
interior diameter very little larger than the exterior diameter the wheel; 
and exterior diameter equal about twice that the wheel; the height 
between the their interior circumference, very little greater than 
that the orifices the exterior circumference the wheel, and the 
exterior the discs, the height between them about twice 
great the interior circumference; the form the surfaces [of the 
disks] gently rounded, There is, consequently, be- 
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tween the two surfaces, aperture gradually enlarging 
essential the proper action the diffuser, that should entirely under 
water; and the power rendered useful it, expended diminishing the 
pressure against the water issuing from the exterior orifices the wheel; 
and the effect produced, the same the available fall under which the 

“The action the diffuser depends upon similar principles that 
diverging conical tubes, which, when certain proportions, well known, 
increase the discharge; 

“Experiments the same ‘turbine, with and without diffuser, show 
gain the coefficient effect, due the latter, about per cent. the 
living forces, and assuming that the motion the water free 
from irregularity, the gain should about per cent.” 


later years, the Boyden wheels placed the bottom heavy 
cast-iron quarter turn. These wheels were big and heavy, and were usually 
set massive cut-stone pits. They were very expensive; 9-ft. wheel built 
1861, for the Nashua Manufacturing Company, cost $19 375.32,* about 
$26 per 

1851, Francis made test the power and efficiency Boyden wheel, 
built for the Tremont Mills Lowell, which was the first scientific wheel 
test large scale. The wheel showed efficiency 79%; efficiency 
88% was claimed for two the turbines built for the Appleton Company, 
but the test was not accurate. However, certain that the Boyden 
wheel, its best form, showed efficiency more than per cent. 
had low capacity for its size, and was very low speed. The Tremont 
turbine had specific speed 26. The part-gate efficiency this type 
wheel was very low. The one important factor which the Boyden wheel 
differed from the Fourneyron, was that its design was scientific, and every 
effort was made secure hydraulic and mechanical perfection. Boyden ap- 
preciated the fact that some energy remained the water the time 
its discharge from the runner, and remedy this devised the well known 
Boyden diffuser. 

The guides and buckets Boyden wheels were often made composition 
bronze, which prolonged their lives considerably. the plant the Merri- 
mack Manufacturing Company, Lowell, there Boyden wheel which 
was installed 1853, and which excellent condition still used 
certain times year. Sixty-nine years long life for prime mover, yet 
this wheel, except for its low speed, much better than many wheels much 
more modern design now use New England and elsewhere. 

From consideration the Boyden wheel and the earlier Howd wheel, 
Francis became interested the inward flow turbine. The Proprietors 
Locks and Canals, which Company was Engineer, secured the patent 
rights for the Howd wheel for the locality which Lowell was situated. 
Francis first built and experimented with small model wheel which developed 
efficiency 71% and specific speed 19. (Fig. 10.) 1849, 
designed center vent wheel for the Boott Mills, which gave efficiency 
almost per cent. wheel this type, installed 1847, still used 
operate the head-gate hoist the Northern Canal Gate-House Lowell, and 


Francis, Papers, Vol. 18. 
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there another (Fig. 11) the grist-mill belonging the Proprietors. This 
wheel, although theoretically better than the Boyden, was true inward dis- 
charge wheel, and, such, was restricted power. its original form, 
was little used this country and soon disappeared, but was the foundation 
which the modern American water-wheel was built. 

These two American wheels—the Boyden and Francis—marked great 
step forward. They were designed scientifically, full-sized drawings were 
made the guides and buckets, and the path particle water was studied 
for different relative velocities under given head. 
Trowbridge states that all the principles which wheels had been designed, 
previous this period, were wrong,* and that Boyden and Francis broke away 
from tradition and established entirely new methods. Volson made 
complete computations for the original Francis wheel (Boott) and came 
the conclusion that the design was excellent. The computed efficiency was 
79.31 and the observed per cent. The result this period scientific 
design has been the production one thoroughly American wheel, the Howd 
wheel, developed Francis. This wheel was the forerunner all 
modern reaction wheels, and the next step will trace its development 
into the mixed-flow turbine. 


Tue “Cut Try” 


The period after 1860 was marked the development great number 
wheels all types and combinations types, good, bad, and indifferent, 


but mostly very bad. The sentiment the period has been well expressed 


“There use denying that our object was make money. had 
seen these parties build ordinary casting weighing about 300 lb. and worth 
when finished $30, and charge for $231. Such profits that were well 
worth working for, made the 

happened that, obtaining efficiency only 51%, they were honest 
enough give the attempt, but other makers, turning out even worse 
wheels, were less scrupulous, and continued foist their wheels mis- 
guided public. 

Another remark typical the period one attributed Swain, inventor 
the wheel that name. Before test one his wheels Lowell, when 
some one said that the wheel bound its bearings, “guessed would go, 
only put the water it”. did not take many years testing Holyoke 
banish that idea, and nowadays some manufacturers even have special ball- 
bearing bridge trees made for their Holyoke tests. 

Crude and unscientific this period was many ways, gave, its 
result, the modern American mixed-flow turbine, and well worth while 
examine closely the various elements that went into the melting-pot. Since 
this period, almost every wheel has been combination the tub wheel 
its many forms, the center-vent Howd-Francis, and the axial-flow Jonval. 
would seem, perhaps, that little too much credit was given the Jonval, 


“Turbines”, Transactions, Am. Soc. Mech. Engrs., Vol. XVI. 
Emerson’s Turbine Reporter, January, 1876. 
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since almost every wheel, except the true Jonval, merely combination 
some form other the first two named. All the scientific teachings 
Boyden and Francis were thrown the winds, and the great god, “Cut and 
Try”, came into his own. wheel did not come expectations, its 
buckets were chipped back, up, down, its blades pounded, until gave 
something better. Such period could hardly avoided, since mathematical 
analysis and design turbines were unknown the majority early 
wheel makers. The beginning the testing system Lowell, and, later, 
Holyoke, did much relieve the situation. Before many years, 
manufacturer could not avoid wheel test and sell wheels, with the result 
that poor wheel was either improved abandoned. For long time few 
makers managed avoid public tests, but gradually they were forced 
so, and 1890 most the wheels the market were more less satis- 
factory. During this period, combinations all kinds were tried, and great 
ingenuity was shown, with the result that, 1873, reported efficiencies 
90% had been reached. 

One the early wheels was the Warren scroll, which dated from about 
1853. was slightly modified Francis runner placed wooden scroll 
case without any guides. was merely offshoot the Howd-Francis 
wheel and, except for its casing, was little importance. 

1858, Swain made his first 6-in. model. This wheel was much like 
the Howd-Francis, except that its buckets were deeper, many number, 
and curved outward from the inner discharge edge, that the-discharge was 
inward and downward. The diameter the Swain wheel was still large for 
its capacity, and its buckets were rather shallow, but was really good wheel 
and was the direct predecessor the modern low-speed reaction wheel. 
1870, the advice the late Mr. Mills, the bucket entrances were deepened 
and the capacity was somewhat increased. test 72-in. Swain wheel 
Francis, the Boott Mills, 1874, showed efficiency almost 84%, 
with specific speed 40. this time, the wheel had draft-tube. 
1909, Allen, Am. Soc. E., tested the power this wheel, after 
draft-tube and bevel crown-gears had been added, and the efficiency, measured 
Alden dynamometer the jack-shaft and current meter, was 86.1 
per cent. 

power test made July, 1921, which small generator was driven 
belt from the jack-shaft, showed over-all efficiency, the switch- 
board, 73.9 per cent. After almost fifty years use, this wheel seems 
still good ever; its bronze buckets are almost perfect condition, 
and, all appearances, capable running for another fifty years. 
set wooden flume, and the water enters eccentrically, the Appleton 
wheel previously mentioned. 

The Swain wheel, although one the first this was modern 
every way far the runner was concerned. (Fig. 12.) The gate was 
cylinder and rather clumsy, but the part-gate efficiency was very high for that 
time, perhaps because the gate opened downward rather than upward. This 
wheel was direct development the Francis runner, probably “cut and 
try” methods, the inventor was pattern-maker. However, was really 
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Fic. 12.—Swain 
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excellent wheel and was the father the modern wheel, just the Howd- 
Francis was the grandfather. About 1871, number these wheels were 
installed Lowell, replacing Boyden, center-vent, and breast wheels, and 
several are still use. all the Swain wheels, great attention was given 
the smoothness the water passages, and hydraulically they were nearly 
perfect. The lower step bearing, shaped inverted cone, diverted the 
downward discharge horizontal direction with smooth and easy transi- 
tion. 

The “American” water-wheel was patented February, 1859. was 
Francis runner, modified give inward and downward discharge. Its 
buckets were shallow, and the size was still large for the capacity. (Fig. 13.) 
This wheel had attained wide distribution over the United States 1870, 
particularly small saw-mills and grist-mills. was the first stock wheel 
and marked the beginning the period quantity production standard- 
ized wheels. wheel capacities were increased, the “American” was de- 
veloped, through various stages the “Improved New American” wheel, 
made recent years the Globe Iron Works, Dayton, Ohio, successors 
the original firm Stout, Mills, and Temple. The first “American” wheel, 
tested Emerson 1872, showed efficiency about 80% with 
specifie speed 25. 

The firm James Leffel and Company began building wheels Spring- 
field, Ohio, 1862, and has continued the present time. The first Leffel 
wheel was double; that is, combined inward discharge Francis runner, 
with another the inward and downward type, built together one solid 
piece. (Fig. 14.) This wheel attained even greater distribution than its 
contemporary, the “American”. Equipped with wicket gates, patented 
Elijah Roberts, Rochester, H., 1854,* gave efficiency about 
74% and specific speed 30. 

Many manufacturers built the double wheel during this period, but all 
them soon died out, except the Leffel. understood that the makers say 


‘that they not quite know why the double wheel works, but does, 


shown the fact that the double discharge Leffel Type has recently shown 
efficiency 93% Holyoke. rather interesting note that Leffel 
Company still sell considerable number their original model, although 
they make several types wheels, including one specific speed 102. 

The Houston wheel had runner resembling somewhat bevel gear, the 
inlet edges the buckets being angle about 45° with the shaft, the 
bottom diameter being the greater. This wheel was one the better tur- 
bines this period, showing efficiency much 88%, with specific 
speed did not have much with the development the modern 
wheel and gradually disappeared; however, some modern high-speed wheels, 
especially recent continental one, show return this shape tilted 
bucket. 

The Risdon wheel (Fig. 15) which attained efficiency more than 
90% 1878, marked the high point the slow-speed, low-capacity period. 
Despite the fact that had cylinder gate, showed efficiency 73% 


Emerson’s Turbine Reporter, January, 1876. 
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half load, the highest attained far. was inward and downward 
flow wheel, and differed from the Swain mainly that its discharge was 
wholly axial. The Risdon Company was the first, since Boyden, appreciate 
the diffuser draft-tube, and apply its wheels. The wheel tested 
1873 gave efficiency 90.5% with the diffuser, and 88.8% without it. 
The design the Risdon was excellent, and seems have been 
satisfactory mechanically, although one time, some trouble was had with 
the gate mechanism. 


Fic. 15.—RIspON WHEEL, 1873. 


Many pages required describe some the other wheels 
the period such the Angell, Barber, Blackstone, Bodine, Case, Curtis, Cook, 
Geyelin, Humming Bird, Humphrey, Luther Scroll, Tyler, Upham, Whitney, 
and others. However, they had little with the further development 
the turbine, and, with the coming the later wheels, soon disappeared. 
especially interesting wheel this time was the Wynkoop, combination 


impulse wheel discharging into reaction wheel. Its conservative makers 
claimed mere 175% efficiency, but test showed about per cent. 
this time, the idea was prevalent that double wheel would give very high 
efficiencies, and many the ideas conceived bordered perpetual motion. 
all the combination wheels, the Leffel was the only one which continued 
beyond the end this period. 
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Recently there has been placed the market propeller type runner, 
for which many advantages are claimed, chief which high specific 
speed. proposed demonstrate again the truth the old adage, “there 
nothing new under the sun”, and show that wheels almost exactly the 
same were used many years ago, and that their high speed was appreciated. 
claimed that the modern propeller wheel axial flow. Exception 
taken this, difficult understand how, the matter direction 
flow, the propeller wheel can different from any modern high-speed 
reaction wheel. The propeller wheel, commercially installed, set 
wheel-case the Francis type, the water being admitted through the usual 
wicket gates, direction approaching the tangential. 

True axial flow presupposes axial delivery the water the casing, 
the Jonval wheel. The propeller wheel must depend the principle 
the vortex, which formed the tangential admission the rapidly moving 
water. only step farther imagine wheel setting which, guides 
being eliminated, scroll may substituted, such dimensions give 
the same direction and velocity flow the wheel. granted that this 
will hold under only one condition speed and discharge. The wheel 
still propeller wheel, and still operating the same principle 
did when equipped with wicket guides. 

The old tub wheel merely consisted vertical shaft carrying number 
blades lying planes inclined the wheel axis. The water was admitted 
the wheel with more less downward direction, and eccentric the axis. 
Under such conditions, somewhat vortex action must have resulted. This 
type tub wheel was true reaction turbine. How, then, but for the addi- 
tion the draft-tube, the modern propeller wheel different? both 
cases, the water admitted practically perpendicular the shaft, and dis- 
charged axially, and the runner the same type. 

July, 1860, Truax, Richford, Vt., patented water-wheel 
known the “Green Mountain”, which, manufactured 1876, was 
shown Fig. 16. was four-bladed wheel vertical shaft, set eccen- 
trically wooden flume. The runner had band around it, which were 
attached number small, inclined plane saw teeth, designed make the 
leakage work, but this does not change the fact that here runner 
identical principle with the propeller wheel made the present time. 
Other than the maker’s circular, little information can found regarding 
this wheel. Apparently, its use was largely local, most the known installa- 
tions having been Vermont. Truax, his March, 1876, states: 

“What has the skill and ingenuity inventors, has been produce 
wheel that would use large quantity water and obtain corresponding 
power for the water used, and, the same time, attain sufficient speed 
the wheel itself allow the power the wheel transmitted with con- 
venience and small outlay light falls. These points are obtained with 
this wheel.” 

further states that the speed wheel this type depended the 
incline the blades. Not only did Truax appreciate what had, but 
also knew how got it, which was unusual this time. 
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Unfortunately, tests this wheel are available, and the only record 
the maker’s wheel-table, which claimed the result actual 
measurements. gives 30-in. wheel speed 126 rev. per min. under 
head ft. Assuming that the measurement the revolutions per minute 
and the water was correct, and, furthermore, assuming efficiency 
60%, which seems fair and reasonable the light the performance 
similar wheels the same period, speed 125 obtained. 
the efficiency had been only 40%, the specific speed would still more 
than 100. 


Fic. 16.—GREEN MOUNTAIN PROPELLER, 1876. 


June, 1884, the Holyoke Water Power Company’s flume, test (No. 
256) was made Chase Special wheel (Fig. 17), built the Chase Tur- 
bine Manufacturing Company, Orange, Mass. This wheel had eight- 
bladed propeller runner, set, without any guides, iron scroll case. Here 
another wheel, somewhat modern, operating the same prineiple. 
The buckets were less flat than the “Green Mountain”, with consequent 
reduction speed. showed good efficiency, 78.9%, with 
speed about 50. 

the Jonval, the blades were set radially around the periphery 
disk which left circle dead area around the shaft. This meant that the 
effective lever arm the runner was large, with result that the speed was 
necessarily low. Both the Chase wheel and the “Green Mountain” differed 
from the Jonval, that their blades were directly attached small hub, 
with almost dead area. The blades were effectively acted the water 
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point very close the wheel shaft, which meant that, for given diameter 
wheel, much higher speed could attained. 


With regard “spiral, screw flood wheels”, David Craik,* 1870, 
stated: 


“Their principle action the same the screw propeller, which has, 
measure, superseded the paddle-wheel steamboats—the difference being 
while the water wheel driven revolved the force 
the passing current against its oblique vanes comprehend this 
similarity better, take screw propeller, and place its axis upon suitable bear- 
ings, and parallel with the stream strong, uninterrupted current, and 
entirely submerged, and will furnish motive-power 


SPECIAL RUNNER, 1880. 


further states that, this, does not advocate using the common 
type propeller for wheel, since, being driven rather than driving, “it re- 
quires structure and details”. This refers, course, 
wheel with true axial flow, and one which the water approaches without 
any whirling motion. 

Horton, Am. Soe. C..E., states 

variation the Jonval turbine, which the buckets was 
reduced two, was extensively used saw-mills northern New York. 
Owing the large openings the buckets, ice, drift, and other obstructions 


could pass through this wheel without injuring it. The vanes were nearly 
horizontal, giving high speed rotation. The efficiency was very low.” 


This was the Austin wheel, one similar the Truax. 


Mopern 


1876, number 24-in. wheels, invented John McCormick, 
Brookville, Pa., were sent Holyoke tested. They were the develop- 
ment type large capacity wheel, invented John and Matthew 
Obenchain, and were the first the famous “Hercules” type. One them, 
tested Emerson, showed efficiency 89.2% with specific speed 


Practical American Millwright and 150, Phila., 1870. 
Water Supply Paper No. 180, Geological Survey, 13. 
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48, which more than the highest previous wheel, the Risdon. 36-in. 
“Hercules”, tested the present Holyoke flume 1883, showed efficiency 
87% three different tests. The flow was inward, downward, and slightly 
outward. The buckets were much deeper than any previous wheel and 
protruded below the band, thus allowing the outward discharge. (Fig. 18.) 
The wheel was the cylinder gate type and the blades had fins parallel 
the line flow, that were supposed improve the which 
was 73% half power. 

The production the “Hercules” ushered 
new period wheel design. The inward flow 
principle the Howd-Francis and the down- 
ward discharge the tub and Jonval wheels had 
been combined the correct and, 
aided good mechanical construction, there had 
been evolved the American mixed-flow turbine. 


ginning had been made, and, with few exceptions, 
all subsequent design was merely improvement RUNNER, 
over the type. 

One must not forget the generations millwrights who had worked 
make this possible. was not sudden invention; was merely the 
and modification principles toward which all had been 
working. Many old, self-trained contributed his mite the 
development this new type. This was real American production, the 
result evolution during changing period American history. The need 
arose, made itself felt, and eventually was met, not the work one 
great scientist, but the multitudinous efforts army old Yankee 
millwrights and machinists, many whose names are either unknown 
forgotten. 

The year after the introduction the “Hercules”, Stilwell and Bierce, 
Dayton, Ohio, placed the “Victor” turbine the market. This wheel 
was much like the “Hercules” and had very deep buckets which hung even 
farther below the band than the earlier wheel. Built with register gate, 
was very simple and solid construction, and, although little below the 
efficiency, also had specific speed 48. (Fig. 19.) 

Both the “Hercules” and the “Victor” were later modified somewhat; 
the “McCormick” wheel was placed the market several makers, and the 
improved Leffel, double-discharge wheel, the “Samson”, appeared. Until 
about 1900, these were the usual types wheel and practically every condition 
necessarily was met the selection some one the stock models the 
several types then available. Such was the state affairs the beginning 
the period electrification, when higher speed and better regulation became 
growing importance. 

During the last few years, all effort has been devoted toward increasing 
the specific speed the mixed-flow runner, without suffering loss 
ciency. The bottom, discharge, diameter has been greatly increased, with 


High speed was yet developed, but the be- 
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the result that the modern high specific speed runner with nominal diameter 
in., has maximum diameter more than in. The buckets 
longer protrude much below the band, and the inlet edges the buckets 
usually slant, that the clearance between the guides and the buckets 
considerably more the top than the bottom. Fig. shows one the 
best the modern high-speed runners, which gives efficiency more 
than 90%, and specific speed 102. 

the United States there seems general belief, especially among 
some the large water-wheel manufacturers, that practically all the develop- 
ment the modern water-wheel has taken place within the last twenty years 
and has been the result the introduction foreign practice water-wheel 
design. Practically all development abroad has been Switzerland and 
Germany. France, where the first turbines record are found, compara- 
tively little has been done toward the development the modern high-speed 
wheel. 

The Germans developed the mixed-flow turbine some extent, but they 
did not create it—that honor belongs the United States. The turbines 
Fourneyron, Fountaine, and Jonval were all French conception, although 
has been said that Henschel, Cassel, Germany, deserves the credit for the 
axial flow wheel, rather than Jonval, whom may have preceded year 
two. The Fourneyron and the Jonval were, for long time, the only 
turbines used Continental Europe. Meanwhile, the idea was exported 
America, where Howd and Francis developed the forerunner the mixed- 
flow turbine. This, turn, was sent back Germany and Europe took 
the inward flow principle about the time the development the “Hercules” 
introduced new period wheel design this country. 

Swiss engineer, Mr. Streiff,* states: 


“Tt matter fact that every marked improvement the design 
pressure-type wheels originated America. The classic investigations 
James Francis his water-wheel the Boott Cotton Mills 
Lowell the year 1850, are the foundations the modern Francis 
turbine. Prasil, Ziirich, his theoretical investigations 
published the year 1905, did not hesitate illustrate his conclusions with 
examples taken from the original Lowell experiments. is, perhaps, not 
regretted that the Francis turbine was not reared the same scientific 
atmosphere which was born, since this might have stifled the innum- 
erable original creations the inventors who followed. Each small foundry 
and machine-shop, speak, manufactured water-wheels based Francis’ 
principle, and hardly any new form runner can conceived that 
has not been made the past, and perhaps still running some New 
England mill. was not until the year 1875 that the Voith Company, 
Heidenheim, Germany, took the Francis wheel, and 1876 that the 
Escher Wyss Company, Ziirich, Switzerland, followed suit”. 


Mr. Streiff further states that, 1914, American practice the con- 
struction high-speed, low-head runners far surpassed the best that could 
produced Europe. Table gives the characteristics American water- 
wheels, for the period 1847-1900, the basis 30-in. wheel. 


Engineering and Hydro-Electric Transactions, Inter. Eng. 
Cong., 1915, 498. 
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FAMILY TREE MIXED-FLOW TURBINE 


TUB WHEEL 


WRY FLY 


EARLY AMERICAN 


Spiral 

Parker 

Rich FOURNEYRON 


Rose 


JONVAL BOYDEN 


HOWD-FRANCIS 


MIXED-FLOW 


Leffel 


Houston 
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Risdon 


\ 
Chase 


MODERN PROPELLER HIGH-SPEED LOW-SPEED 
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Francis 1847 
0.2 
Modern 
3.3 
American 1859 
HP, 0.4 
Swain 1858 
HP, 0.6 
Modern 
Risdon 1873 4.5 
0.5 102 
Green Mountain 
Hercules 1876 
Modern Propeller 
£150 
Modern 
2.8 
BUCKET OUTLINES 
RUNNERS APPROXIMATELY 


THE SAME RATED DIAMETER 
H.P. BASIS 30’ 


21. 
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TABLE AMERICAN WATER-WHEELS, 


First Francis Model.......... 


Special 
Smith-McCormick............ 
“Green Mountain” Propeller 


EFFICIENCY. 


Revolu- Horse- 


tions per Horse- Full Half 


minute at| power, 
power. power. 
maximum maximum. efficiency. 


efficiency. 


Remarks. 


. 


Tremont turbine, diameter in. 

bucket height; gate. 

First Francis wheel installed. 

buckets. 


‘do. Same model. Buckets, 7.4in; lower band 


lowered; all else (except gate) the same. 
James Francis. Test present Boott No. 
wheel shaft; draft tube. 
Emerson Holyoke, 
Emerson Lowell. 
Holyoke 


with diffuser. 
without diffuser. 


present Holyoke Flume. 


Holyoke Test 979 
1051 


“ 
Calculated from maker’s tables; 10-ft. head 
readings taken for and wheels used 
and averaged; water and speed assumed 
correct; wheel efficiency assumed 60% 
and horse-power calculated from this. 
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Many the early turbines, such the Boyden and the Swain, were built 
integral with their flumes. With the appearance the small turbine, various 
were evolved. the most common the wheel was placed directly 
hole the floor the flume which some cases was widened the end 
form box-like structure. 1870, many the small wheels were set 
cast-iron globe-shaped cases and supplied pipe; this was particularly 
common with the higher heads. the size the wheel increased, the cost 
cast-iron casings became, most cases, prohibitive. Many these 
early settings were excellent hydraulically, and often were quite good 
could designed. later years, however, wheels increased size, 
sheet-iron cases began used. All knowledge hydraulics apparently 
was thrown the winds, and structural conditions determined the shape 
the casing. The boiler-maker ruled. 

Many the early wheels were set wooden 
seroll cases (Fig. 22) and had guides. Fig. 
shows type wheel quite common for many 
years. was used much saw-mills auxili- 
ary wheel for running back the log carriage. This 
diagram was copied from drawing found among 
some Boyden’s papers, the files the Amoskeag 
Manufacturing Company, Manchester, 
The construction similar wheel described 
Craik.* 

After 1850, many scroll wheels came into use. 
They usually were iron and were entirely self- 
contained, that is, the scroll was built integral with 


Fic. SCROLL, 
1848. 


Fic. CENTER VENT 


*“The Practical Millwright and Miller’, 


205, Phila., 1870. 
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the bearings which supported the runner. (Fig. 24.) The gate was usually 
plain sliding rabbit-trap, the entrance the scroll, although butterfly 
was also used. These wheels had guides, and were very poor part gate, 
although full gate they gave efficiency about per cent. 

Fig. shows model scroll wheel patented Daniel Lakin, 
Hancock, H., October, 1863. Its runner was the true Howd-Francis 
type, with flat blades, and was inverted that discharged upward. The 
interesting feature this wheel was the regulating mechanism which was 
register gate, fitted inside the runner and revolved with it. Closing the 
gate reduced the discharge area the buckets and decreased the flow. Directly 

attached the shaft are the flyballs which actuate the gate. The whole regu- 
lating mechanism part the runner and shaft, and the entire wheel 
self-contained. There question but that such arrangement would 
give poor part-gate efficiencies, due contraction losses through the gate, but 
most interesting early example the present practice placing 
the flyballs directly the shaft vertical unit. 


SOS 


4 


WHEEL BOYDEN, 1854. 


Probably the best the scroll wheels, and the one which survived the 
longest, was made John Tyler, Lebanon, H., grandson Benjamin 
Tyler who patented the “Wry Fly” 1804. made, 1873, gave 
efficiency 81.6% and specific speed 29. The same runner, placed 
register-gate flume casing, gave lower efficiency than when used the scroll. 
scroll was sometimes divided into two compartments 
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25.—LAKIN WHEEL, 1863. 
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Fic. FLUME, 1880. 


Hil a's 


Fic. SCROLL, 1860. 
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diaphragm, that, with the gate partly shut, the same velocity and direction 
water might retained the lower half the scroll. During the 
and try” period, the iron scroll casing was used many makers, especially 
with smaller wheels, but about 1880 they all had disappeared with the 
exception few, such the Chase which, however, was not true scroll 
wheel. The Drouillard flume (Fig. 26) was attempt improve the open- 
flume type setting. 

The time had now come which, the increasing size the wheels rendering 
the cast-iron case prohibitive cost most makers, and setting more 
permanent than the wooden flume being desired, wheel casings sheet iron 
came into use. About this time, the use the draft-tube enabled the wheels 
placed above the tail-water, where they were more easily accessible for 
inspection and repair. For many years, almost every wheel maker considered 
the draft-tube merely device which the wheel could raised clear 
the water and yet the full head retained, and appears that only one maker, 
Risdon and Company, appreciated its value regaining velocity head. The 
development the draft-tube will discussed later. 

With the coming the boiler-maker period, the scroll setting disappeared, 
and seems have been almost entirely forgotten. Indeed one wheel 
maker the present day somewhat surprised that “examples have been found 
what left some early mills Connecticut turbines primitive con- 
struction, equipped with volute form water passage surrounding the 
runner”, 

Not only was the scroll used largely during the early years the develop- 
ment the American turbine, but its principle also was studied and under- 
stood. article* Hillberg, scroll design, described method 
dividing the water used the wheel, into number imaginary lines 
flow, and carrying these back through the scroll, thus studying the effects 
shape. the files the Proprietors Locks and Canals, there study, 
presumably Francis, dated 1857, scroll design for the grist-mill wheel 
which this same method used. 

The American Water Wheel Company, Wareham, Mass., makers the 
Warren wheel, were early users the scroll case. (Fig. 27.) letter 
the Committee the Ninth Exhibition the Massachusetts Charitable 
Mechanics Association, dated September 17th, 1860, that Company discusses 
its theory scroll design. few quotations are given, follows: 


“Our improved scroll formed upon plan which enables the water 
pass, the periphery the wheel, uniform velocity all parts the 
wheel’s The water the scroll passes (or should pass) towards 
the center the wheel with accelerated velocity proportion the diminu- 
tion the area the circles over which passes.” 


The circles mentioned are series concentric circles, area ratios 
ete., used the construction the scroll graphic methods. This 
means that the water given uniform centripetal acceleration for each unit 
angular distance traversed. 


Engineering Record, October 3d, 1916. 
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principle the centripetal action the water the scroll the 
same that the vortex, whirl-pool, accelerating the velocity the water 
proportion the diminution the area approaches the center”. 


After being abandoned the United States, the scroll was taken 
the Germans, and largely used for high-head Francis runners. Pfarr credits 
Voith with being the first build iron, spiral-cased, wicket-gate turbine 
(1894).* This type wheel was much used German and Swiss practice, 
and when high-head developments began this country was brought back 
from abroad. The first hydro-electric station Niagara Falls was equipped 
with Fourneyron turbines made the United States after designs Faesch 
and Geneva, Switzerland. interesting know, however, that 
the first turbines running under the full fall Niagara were built 
American firm, James Leffel and Company, after the designs Sparks. 

the earlier years high-head development, the scroll was sometimes 
used, but great many installations were the boiler-maker type. about 
1904, however, the spiral casing was general use for high-head wheels. 

1903, vertical unit with spiral, steel-plate was placed plant 
the River Glommen Kykkelsrud Falls Norway, under head about 
This appears have been the first.example, large scale, what 
now the best modern practice. 

Until reinforced concrete made the modern setting possible; wood and 
cast plate iron were all that could used, aside from masonry. Metal 
cases were used, but, for big unit, plate scroll would have been considerable 
undertaking. was much easier build some kind plate casing, 
usually circular form, around the wheel and let that. Efficiency 
was not sought to-day, and the days direct drive and small units, 
few per cent did not. mean very much. With the appearance central 
stations and large units, even meant money, and over-all efficiency was 
considered never had been before. about 1900, and for considerable 
time thereafter, majority the plants had horizontal shaft units, which 
either drove generators were direct-connected machinery. Electrification 
for fairly high speed, and this was accomplished using batteries 
runners small diameter. Until the high-speed wheel was developed 
further, other alternative was possible, long high speed was required. 

The need for high speeds developed the runner and resulted specific 
speeds almost double those the early wheels, such the “Hercules” and 
“Victor”. Because this, soon became possible, even with low heads, 
drive large hydro-electric units single runner. Three elements—the 
development the runner, the need for high efficiency, and the growth the 
use reinforced the modern vertical unit, which 
appeared this country about 1912. first plans for Keokuk, Iowa, were 
for double-runner vertical present, the single vertical runner 
used almost entirely for all low-head developments, and even high-head Francis 
runners have recently been placed vertical cast-iron spiral settings, such 


fiir Atlas, Plate XXVII, Berlin, 1907. 
Koester, Developments and 382, Y., 1909. 
Engineering News, September 28th, 1911. 
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the Big Creek No. 680-ft. development the Southern California 
Edison Company. Fig. shows installation 58-in. wheels operating 
under head about ft., the Gardner’s Falls plant the Greenfield 
(Mass.) Light and Power ‘This plant was 1913, 
and the acceptance test showed wheel efficiency more than per cent. 
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During days the turbine, was natural step from the hori- 
zontal shaft the breast-wheel the placing turbines the same position. 
This setting was commonly used until about 1850. The wheels were usually 
the outward discharge type, such the spiral and Rose wheels, and often 
discharged into the open air. The double Parker wheel discharged outward 
into two wooden draft-boxes. (Fig. 29.) The efficient use horizontal wheels 
required draft-tube and until the draft-tube came into use this type 
setting was not practical. 

About 1880 the horizontal setting began again appear. Gates Curtis 
seems have been the first use it. 1879, pair Curtis horizontal 
wheels were installed the Hudson River Mill Palmer’s Falls, They 
were placed directly the horizontal machine shaft, ft. above the tail-race. 
square wooden draft-tube was and the head-water stood ft. above 
the center line the wheels. letter the wheel maker, Mr. Ourtis 
States 


“We are satisfied experiments made with pipes leading from top 
and other parts the draft tube attached glass and mercury gauges that 
get equal results from the wheels, would were they placed 
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level the tail-water. This arrangement taking off power far above the 
tail-water, thereby avoiding the annoyance and expense bevel gearing, 
proving most satisfactory many ways 


pair horizontal Curtis wheels (Fig. 29) were tested Holyoke 
1879, and found give efficiency 72%, whereas, vertical shaft, 
one alone gave 83.6 per cent. About 1882, the Humphrey Machine Company, 
Keene, H., began build horizontal double units cast-iron “camel- 
back” cases rather fair design, and, 1890, this type unit, constructed 

boiler-plate, was general use. The great majority these settings 
hydraulically were very poor. 


Curtis 1879 


“Boiler maker” Setting 1890 


Modern Horizontal Setting 
29. 


Some double horizontal settings were made cast iron, such the Risdon 
wheels the Jefferson Mills the Amoskeag Company Manchester, 
Francis, Consulting Engineer, but they were much the exception the 
rule. These wheels were interesting because one shaft were runners operat- 
ing under two different heads. There were other good horizontal settings, 
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such that the Lawrence Company Lowell, placed 1895 (Fig. 30), but 
they were not common. 

many the horizontal units built later years, the casing was con- 
tinuation the penstock, and the water approached the wheels parallel the 
shaft. Such setting, with correctly designed casing, was great improve- 
ment over the earlier ones which the water entered cramped casing with 
sharp corners, right angles the wheel shaft. Fortunately, however, 
runner speeds and the use reinforced concrete permitted the 
beginning new period wheel settings and the rule the boiler-maker 
now thing the past. 

Probably the worst examples horizontal 
wheels appeared during the Nineties. (Fig. 29.) 
The setting usually consisted either rectangu- 
lar box tube. The wheels were placed 
each end, and discharged toward each other. 
round metal draft-tube extended from the bottom 
the draft-box into the tail-water. Every op- 
portunity for eddies and whirls was offered 
the draft-box and tube, and sharp edges and 
corners abounded everywhere. The worst part 
this type setting was that the water was not 
condueted smoothly the draft-tube. was dis- 
charged fairly high velocity into large 
box where swirled around and was allowed 
find its way out through the hole the bottom 
the easing. Sometimes each wheel had its own 
quarter turn and draft-tube and was set com- 
mon casing, but, usually, both discharged into the 
same tube. One wheel catalogue shows ordinary 
double horizontal setting, which had been added third unit with vertical 
shaft. This unit discharged downward and was placed directly above and con- 
centric with the draft-tube opening. 

Perhaps the worst feature the earlier horizontal wheels was the proximity 
the runners, when both discharged inward against each other. some 
cases the distance from the bottom one runner the other was small 
one wheel diameter. the early days the boiler-maker period this distance 
was usually from 1.5 runner diameters. 1894, the plant the 
Appleton Company Lowell, test Rodney Hunt wheels showed that 
insufficient distance between runners reduced the efficiency per cent. 
pair 30-in. “Hercules” wheels were tested for the Middlesex Company 
Lowell 1896. tried first, the runners were 2.26 diameters apart. 
increasing this in., 2.8 diameters, the maximum efficiency 
was increased 4.7 per cent. Modern runners, operating under medium low 
heads, should spaced from diameters apart. 

The “camel-back” type draft-chest was gradually evolved, and 
showed great hydraulic improvement. The discharges the two wheels, 
instead being directly toward each other into open case, were gradually 
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turned downward curving partition wall that they were flowing 
more less parallel direction when they met. Swain devised the idea 
carrying this dividing partition all the way down, thus, effect, giving each 
wheel separate draft-tube. Fig. shows the cone setting for single 
horizontal wheel. This excellent design for small units under fairly high 
heads was used several makers. 

The double horizontal wheel cast-iron, “camel-back” draft-chest, when 
placed casing good design and fitted with properly flaring draft- 
tube, was excellent prime mover. The best practice usually was place 
‘this wheel casing that was continuation the penstock, that the 
flow was parallel the wheel-shaft. The approach the wheel was eased 
placing cone-shaped casing over the up-stream end the unit. setting 
this kind, the water passage around the first wheel was sometimes cramped, 
and the flow the down-stream wheel was restricted. obviate any pos- 
sibility this, the casing was sometimes enlarged the point opposite the 
gates the up-stream wheel. (Fig. 29.) horizontal setting Smith 
wheels casing this kind was placed the plant the International 
Paper Company, Glens Falls, These wheels were tested 1918 and 
showed efficiency 88%, which thought the highest authentic 
result ever obtained from double horizontal setting. The best results that 
can obtained from such unit will always from less than the 
efficiency obtained from one the runners tested, vertical shaft, under 
the best conditions. There are some places, however, where efficiency not 
the primary requisite, and certain advantages the horizontal setting make 
suitable. 

The horizontal setting, very large extent, passing away, but there 
are still certain cases which pre-eminently fitted. The most important 
these found pulp mills, where the wheels are direct-connected the 
horizontal shaft battery grinders. Conditions call for fairly high 
speed, regardless the available head and the multi-runner unit often 
the best adapted the need. 


Tue 


June, 1840, Zebulon and Austin Parker, Licking County, Ohio, were 
‘granted patent for “Draft-Tube for Parker wheels, 
not always, were set pairs horizontal shaft, fed crude 

scroll case, and each discharged outward into its own draft-tube which was 
merély long rectangular wooden box. The object this setting was not 
gain efficiency, but allow the wheels placed above The 
French Jonval-Koechlin turbine, 1841, was equipped with draft-tube, 
but the Parkers seem have been the first apply it. 

The first example the use draft-tube regain velocity head was 
the “diffuser” Boyden. (Fig. 31), which, 1846 was being applied most 
the Boyden wheels built. was shown add about the wheel 
ciency, regaining the velocity head the discharged water. Theoretically, 
should have saved almost 5%, the diffuser efficiency was about per 
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cent. The flare the parallel disks 
was apparently too sudden, and the 
water failed cling the sides the 
diffuser, with the result that the dis- 
charge was succession surges. 
later years, Boyden wheels were not 
equipped with diffusers, probably 
cause their great size required unneces- 
sarily large wheel-pits which, many 
cases, might have required the changing 
the foundations the mill. Only 
one diffuser left Lowell the 
present time; the 1853 Boyden 
wheel the plant the Merrimack 
Manufacturing Company. 

The draft-tube, diffuser, does 
not appear again for many years. 
1870, many wheels were set above tail-water wooden stave sheet metal 
tubes. Sometimes the construction the hooped wooden tubes required 
slight flare, but they usually were straight. The design, there was any, was 
usually based the velocity with which bubble air would rise water. 
1881, Gates Curtis, maker the Curtis wheel, the propor- 
tioning draft-tubes for velocity from ft. per sec. The general 
feeling among wheel makers was that wheel could used with draft- 
tube with little loss efficiency, provided the tube was air-tight. 

About 1880, James Emerson made series experiments draft-tubes, 
using 15-in. Victor wheel. began with draft-tube the inside diameter 
which was the same the wheel skirt, and then, inserting fillers, re- 
duced the area degrees. The velocities the tube varied from about 5.5 
ft. per sec., with the best efficiency the lower velocity, and this effi- 
ciency was considerably less than that obtained when the wheel was tested 
without draft-tube. The draft-tubes used were all straight sided, and were 
from about ft. long. 

Holyoke, 1873, the Risdon Company tested 36-in. wheel which gave 
efficiency 90.5% with draft-tube diffuser and 88.8% without it. This 
trial must have convinced the Risdon Company the efficacy the appli- 
ance, for built draft-tubes excellent design during the period when other 
makers were evolving weird affairs out boiler-plate. 

The Risdon runner discharged axially over annular section, that 
there was dead area around the center the wheel. eliminate this, 
inverted cone was fitted below the runner, that the discharge passage was 
smoothed. The draft-tube, which was slightly flared and usually cast iron, 
was excellent and far ahead its contemporaries. was claimed that the 
efficiency the wheel was increased the use the diffuser. However, 
during the period the double horizontal unit, even the Risdon draft-tubes 
fell down, and examples are found two wheels discharging against each 
other cramped wooden draft-chest. 
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the days direct drive, difference wheel efficiency did 
not mean great deal. The wheels were such low specific speeds, that 
the total gain realized the use draft-tube was only 3%, and the 
gain, many cases, did not justify the expense building good draft-tube. 
interesting note that T.”, writing the “Green Mountain” 
propeller wheel, realized that, with wheel this type, draft-tube would 
increased value. says: Mr. Boyden would put his dif- 
fuser one these wheels, would promise him gain more than 
per cent. would more nearly 50”.* 

would appear that during the period from 1870 about 1900, little 
later, the use the draft-tube, diffuser, was generally understood, but 
was not generally used. The dollars and cents value draft-tube 
usually did not justify the necessary outlay. 

With the coming electrification and higher specific speeds, the draft- 
tube became greater potential value, and the use reinforced concrete 
made simple matter build tube any desired shape. The develop- 
ment large central power stations meant that even 1%, when translated 
into kilowatt-hours per year, amounted considerable sum. The draft- 
tube was more than justified economically, and its use, diffuser, became 
universal. 

Apparently, the pendulum has swung 
the other extreme, and there are 
the market various kinds patent 
draft-tubes, each which, ‘like the old 


patent medicines, promised the 
cure-all for every hydraulic trouble. The 
basis one these types inverted 
cone placed beneath the discharge open- 
ing the draft-tube, with its axis co- 
incident with that the runner. The 
object change smoothly and without 
shock the direction the water from 
vertical horizontal direction. 

The placing cone beneath the 
draft-tube almost old the turbine 
itself. Some the early Jonval- 
Koechlin turbines had it. Almost every 
German textbook water-wheels from 
1860 Dr. Camerer’s “Wasserkraft- 
settings with below the draft- 
tube. English and French textbooks have the same type setting, and 
Beardsley shows one.t The Swain wheel had lower step bearing, and, 
1869, this had been smoothed off form cone (Fig. 32). Fig. shows 
Swain wheel, placed 1875, the Boott Cotton Mills, Lowell, Mass. 


Emerson’s Turbine Reporter, January, 1876. 
“Hydro-Electric 344. Y., 1907. 


Fic. WHEEL, 1869. 
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better conditions, the cone was continued, shown, wooden planks, 
and, another instance, the plant the Hamilton Manufacturing Com- 
pany the same city, made concrete. The iron-cased Burnham 
wheels about 1890, had metal cone below the runner. 

Fig. shows wheel setting erected the Risdon Company 
the Lawrence Woolen Company, Lawrence, Mass., 1883. the maker’s 
catalogue (undated), about this period, stated: 


“This wheel and the two preceding 
have diffusers. the Lawrence 
Woolen Company, very shallow pit 
was already constructed, which the 
water only stood about 18-in. deep. 
the end the draft-tube had been 
set low and had discharged the water 
vertically, the preceding wheels, 
could not have escaped freely, and 
there would have been correspond- 
ing loss head. Hence, the upper 
part the tube was constructed 
the previous case, but the lower 
end has outward discharge. 
have carefully constructed diffusers, 
both with downward and outward dis- 
charges, and obtain clear evidence 
what the gain was, have tried the 
same wheel, both with and without 
diffuser, and every case have 
found gain. 

“The increased economy water 
obtained diffuser per cent. 
When the water leaves the water- 
wheel, traveling with rapid 
the whole fall. this loss, may 

has 200 p., would saved, 

and, must made steam, there would saving about $200 
the first year, which would more than pay for the diffuser. 

“Hence, where great economy water desired, diffuser good 
investment. Every year make more them than previous years. This 
arrangement here shown the best possible for many locations, and, under 
such circumstances, prefer diffuser any other arrangement. 
always build the diffuser cast-iron, believing that the only way obtain 
satisfactory arrangement.” 


Water-WHEEL TESTING 


The question has arisen, various times, the accuracy results 
obtained the present Holyoke Testing Flume. Before discussing this mat- 
ter, rough survey will made all the large-scale turbine tests record. 
Such tests those made Francis, the Tremont turbine (Boyden), the 
Boott center-vent, the Boott Swain, and the Tremont and Suffolk Humphrey 
are above suspicion. They were carried out under scientific conditions, with 
practically regard for expense, the most eminent hydraulic engineer 
the United States, not the world. The test 42-in. Swain wheel, 
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Lowell, Mills, 1869, has been questioned James Emerson, but un- 
justly would appear, and without good reason. 

1859-60, the City Philadelphia conducted series tests the 
Fairmount Water-Works. They are understood have been rather crude, 
and the results are not considered trustworthy. using Prony 
brake for the measurement power, method was used whereby the wheel 
hoisted given weight. The wheels tested were Jonvals and early scroll 
wheels; Jonval built Stevenson gave the best results. 

The wheel tests the Centennial Exhibition 1876 were tested under 
the direction Samuel Webber. The highest results were given the Ris- 
don wheel. The following quoted from Mr. Webber’s discussion the 
paper the late Thurston, Am. E., “The Systematic 
Testing Turbine Water-Wheels the United before the American 
Society Mechanical Engineers 


“There have been some remarkable tests reported from the Old Flume 
which has been impossible repeat duplicate later 
date with the same wheels, and the 90% test the Risdon wheel, referred 
Professor Thurston, one them. have doubt the correctness 
the Centennial test, which gave 87.68% net effect from this wheel, for 
other wheels tested other engineers, various places, corroborate very 
closely, but have never myself got high result from any other wheel; 
and should also noted that the very high efficiency reported from some 
wheels has been usually found the tests very small wheels, 20- 
in. diameter, where very considerable effect might exercised upon the 
wheel the man who handled the lever the brake.” 


the same discussion, another view given the the 
1876 tests, stated the late Charles Emery, Am. Soc. After 


describing how petty politics resulted the appointment Mr. Webber, 
says: 


“As the only object was obtain reliable and creditable results, the writer 
undertook co-operate with Mr. Webber the conduct the work. This, 
however, did not prove easy task, Mr. Webber had made great many 
tests, had acquired certain methods his own, and did not into 
many the refinements which such opportunity would have made great 
scientific value. While was pleased with the action the Judges, evi- 
dently felt, moreover, that his authority was from another source, and insisted 
practically having his own way, and under the circumstances little else 
could done. The original design was such that the water was necessarily 
admitted the weir approach the side, that, although ample provision 
had been made the length the approach, the current the side opposite 
the inlet was very much the stronger. The speaker suggested series 
baffling screens racks, such are described Mr. Francis’ work, and 
finally single one was hastily applied, but with the spaces between the bars 
wide that there was still ample area for the water with greater 
pass along the side where did before. Any further improvements were, 
however, considered unnecessary Mr. Webber, and the experiments were 
conducted with the water approaching the weir very different velocities 
the two sides; and, moreover, account the recoil the current from 


Transactions, Am. Soc. Mech. Engrs., Vol. VIII (1887), 359. 
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one side the approach, floating bits wood showed that all the water 
did not approach the weir right angle, and the evidence this deflected 
current was sufficiently marked show ridge the crest the fall the 
weir itself.” 


James Emerson was most interesting and outstanding character during 
the closing years the and try” period. had been sailor one 
time, but soon after the close the Civil War, became interested the 
testing water-wheels. was associated with early wheel tests Lowell 
1869-71, and afterward moved Holyoke, where opened commercial 
flume for the testing wheels. The business prospered and many wheels 
were tested during the Seventies. number years were required bring 
all the makers belief the flume test, but Emerson’s efforts were finally 
successful, shown the prestige the Holyoke test the present day. 
James Emerson deserves the credit for the early development the testing 
system, which was necessary the development the reaction wheel 
the “cut and try” period. One without the other would have been useless, 
but the combination the two was what produced the “Hercules”, the 
“Victor”, the “McCormick”, and the “Samson” turbines. 

Emerson was man decided ideas and strong prejudices. His attitude, 
unfortunately, was that, maker did not have sufficient faith his wheel 
have tested Holyoke, which incidentally meant money Emerson’s 
pocket, the wheel was beneath his notice, and, far was concerned, did 
not exist. Most the wheels the period, however, did his flume, and 
thanks him, there rather complete list tests early American 
wheels. The absolute accuracy his tests might well questioned, but, 
comparatively, they must have been correct within per cent. 

Emerson was extreme iconoclastic tendencies, and institution 
existence seemed have escaped his abuse some time other. His most 
unusual book, “Hydraulics, Dynamics, treats everything from tech- 
nical matter concerning water-wheels notes the Bible, theology, law, 
woman suffrage, and spiritualism. did much educate the public his 
annual reports and his monthly magazine, The Turbine Reporter. What- 
ever were his bad points, his name closely linked with the history the 
development the American mixed-flow turbine. 

Emerson’s testing flume was taken over the Holyoke Water Power 
Company and, little later, 1881, the present testing flume was built under 
the direction Clemens Herschel. The standards the Holyoke test, 
from this time on, were the same they are to-day. Concerning the accuracy 
Emerson’s tests, Mr. Herschel states: 


“So far know, the Emerson tests are reliable, with the exception 
some that must needs have failed, due the routine, mechanical, that is, 


hasty and perfunctory, manner which they were the course time all 
conducted”. 


Since the arrangement the present Holyoke flume well known and 
has been described many writers, will not necessary describe 
detail. The water measured sharp crested weir with which little fault 

Willimansett, Mass., 1894. 
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can found. The power measured with dynamometer the Emerson 
type, consisting broad-faced cast-iron pulley, with wood-lined metallic 
brake band, cooled constant flow water. Several sizes dynamometers 
are used, depending the size the wheel. With heavy load, the brake 
seems likely stick and work unevenly the lower speeds. thought that 
considerable improvement might result from the use Alden absorption 
dynamometer. The late Professor Thurston stated* that the limit error 
Emerson’s flume was from 5%, and that: 

careful examination has led the writer the conclusion that 
the Holyoke Testing Flume, and the methods observation and 
employed there, are capable giving the efficiencies turbines tested cor- 
rectly within error certainly less than one per cent, and prob- 
ably within one-half one per cent. For all practical purposes, the results 
the trials turbine water-wheels, the Holyoke flume, may taken 
exact, and absolutely trustworthy.” 


conclusion, only fair state that, although all available sources 
that gave promise any useful information have been consulted, there may 
few omissions. historical study better than the sources con- 
sulted, and, the present case, the sources were, for the most part, 
and scattered. 

Many thanks are due Mr. Kent, Assistant Engineer, The Pro- 
prietors the Locks and Canals, for his help preparing this paper. 


Testing Transactions, Am. Soc. Engrs., Vol. 
VIIl, 49. 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE RECONSTRUCTION THE BALTIMORE AND OHIO 
RATLROAD BRIDGE CROSSING THE ALLEGHENY 
RIVER, PITTSBURGH, PENNSYLVANIA 


This paper describes the reconstruction the bridge the Baltimore and 
Ohio Railroad Company, across the Allegheny River the line 33d Street, 
Pittsburgh, Pa. 

Although the new structure which replaces bridge built 1884 the 
same location, not unusual size, the necessity maintaining unin- 
terrupted railroad operation during the work, the requirement the War 
Department that interference with river traffic occasioned, and local 
right-of-way conditions which restricted narrow limits the available work- 
ing space, render the reconstruction matter interest. 

September ist, 1920, 265-ft., double-track, through, riveted truss span, 
was rolled permanent line the old low level, and, December 20th, 
1920, was jacked vertical distance approximately ft., new high 
level, which date, also, 486 ft. 9-in., through truss span was rolled 
permanent line the new grade. 

The bridge the Pennsylvania System, crossing the Allegheny River 
the line 11th Street, was raised February 22d, 1919, therefore, the Balti- 
more and Ohio Railroad Company’s structure the second elevated 
accordance with the order the War Department, requiring the raising 
all bridges crossing the Allegheny River the Pittsburgh District, and 
the first reconstruction work completed under that order. This work has 
earned the commendation the War Department, and the elimination 


dangerous grade crossing has received the favorable recognition the local 
authorities. 


NoTE.—Written discussion will published subsequent number Proceedings, 


when finally closed, the papers, with discussion full, will published Trans- 
actions. 


Engr. Bridges, Baltimore Ohio R., Baltimore, Md. 
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The Baltimore and Ohio Railroad enters Pittsburgh from the east and 
follows the north bank the Monongahela River the Smithfield Street 
Passenger Station. Through train movement for points west Pittsburgh 
way Laughlin Junction, across the city general northwesterly 
direction. The location the Baltimore and Ohio Railroad within the Pitts- 
burgh area shown Fig. 
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That part the line from Laughlin Junction Willow Grove known 
the Pittsburgh Junction Railroad and embraces what were originally parts 
the contemplated trackage two incorporations, namely, the Pittsburgh 
Local Railroad Company and the Pittsburgh Junction Railroad Company. 
the Allegheny River Bridge played important part the development 
the Baltimore and Ohio Railroad and about Pittsburgh, brief history 
should interest. 

About 1880, the Connellsville and Pittsburgh Railroad, now part the 
Baltimore and Ohio System, which parallelled the right bank the 
Youghiogheny River from McKeesport Pittsburgh, had its terminus 
Grant and Water Streets. 

The Pittsburgh, New Castle, and Lake Erie Railroad, subsequently known 
the Pittsburgh and Western Railroad and now part the Baltimore and 
Ohio System, was built 1877 and 1878, and extended from Allegheny City 
Harmony and Wurtemburg, Pa. 
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The Pittsburgh, Cleveland, and Toledo Railroad was opened traffic 
1884. Its route extended through the Mahoning Valley, eastward, from Akron 
Junction New Castle Junction. the latter point, connected with the 
Pittsburgh and Western Railroad, thus providing through line westward from 
Allegheny City, now Pittsburgh North Side, Akron and Cleveland Har- 
bor, Ohio. 

this time the industrial development the Pittsburgh Harbor District 
had assumed considerable importance. ample supply coal and coke 
was available, but ore large quantities could obtained only through the 
harbors Lake Erie. This ore movement was handicapped the inadequacy 
the railroad facilities. The necessity for direct Lake route connection 
was recognized and the Baltimore and Ohio Railroad Company was prompted 
seek with either the Pittsburgh and Lake Erie Railroad, 
the Pittsburgh and Western. survey was made 1880, with the object 
securing crossing the Allegheny River about the site the present 
Street Bridge and effecting direct connection with the Pittsburgh and 
Western Railroad the vicinity its present passenger station. This project, 
known the Pittsburgh Local Railroad, was September 27th, 
1880. The route surveyed was unsatisfactory and other surveys were made 
1881. was afterward suggested that the location the Pittsburgh 
Local Railroad changed from the Water Street Wharf the present loca- 
tion the Pittsburgh Junction Railroad. This arrangement was advisable, 
because the new route afforded shorter, though more expensive, western 
outlet. 

The Pittsburgh Junction Railroad was chartered August 6th, 1881, 
and October ist, 1881, was consolidated with the Pittsburgh Local Rail- 
road, the entire trackage the two incorporations being designated the 
Pittsburgh Junction Railroad. 

was decided use 33d Street for the route the Allegheny River 
crossing, and ordinance the City Pittsburgh, dated July 30th, 1883, 
granted authority for crossing Liberty Avenue grade. March 
1884, contract was placed for the four double-track Main Channel spans, 
and April 25th, 1884, the contract was placed for the three double-track 
Back Channel spans. The part the structure Herr’s Island consisted 
mainly embankment and fill. April 25th, 1884, the contract was placed 
for the viaduct along 33d Street, which extended from Liberty Avenue 
the first pier the Allegheny River Bridge, distance 1782 ft. The 
bridge which was completed and opened traffic 1884, served its purpose 
for more than thirty years. 

The interval between 1884 and 1915 was marked steady 
the weight locomotives, with corresponding severity effect bridges 
and roadbed. meet these conditions, the structure was subjected con- 
tinual repair, careful and alterations order adapt the 
imposed demands. 

For about ten years preceding the reconstruction this bridge, was 
known that the limit economic possibility the use the structure had 
been reached. Negotiations which had covered period years, were finally 
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concluded September 30th, 1915, when the Secretary War issued per- 
mit covering the reconstruction the river spans. 


1915 


contemplated 1915, the plan for the structure provided for raising the 
track about ft., for the main river spans, and the placing double track, 
through truss span, 436 ft. length, over the Main Channel, with 
through truss span adjacent and eastward thereof, and through truss span 
across the Back Channel. The permit further stipulated that during the erec- 
tion the new bridge and the removal the old structure, there maintained 
between the two piers the old Main Channel span, clear opening 150 ft. 
for the accommodation river traffic. Falsework was placed for the 
remaining part the Main Channel, well for the Back Channel, 
necessary for the erection the new structure. 

The procedure contemplated was erect the new channel spans false- 
work, stream from the existing structure, and roll them permanent 
line and elevation. The plans the new structure provided clearance 
ft. above Davis Island Pool, and clearance ft. above the Herr’s 
Island Pool which was ft. higher than the Davis Island Pool. The center 
line the two main-line tracks the new structure coincides with that 
old, except that Herr’s Island, the tracks were re-located 
stream from the previous location, the Herr’s Island- connection being placed 
immediately down stream from the new main line tracks. 

ordinance was passed April 3d, 1915, providing that the tracks 
the Railroad Company along 33d Street should carried viaduct sup- 
ported two lines columns, one each curb line, thus avoiding the 
dangers placing any part the support over the sewer the bed 33d 
Street. 

The Liberty Avenue crossing provided the new structure, consisted 
solid floor, through, plate-girder span, about ft. length, and adjacent 
thereto, immediately eastward, solid floor double-track, through plate-girder 
span, approximately ft. long, continuing that direction with four spans 
double-track, open timber floor, deck-plate girders. Crossing Penn Avenue 
and Smallman Street, double-track, solid floor, deck plate-girder spans, ft. 
length, were placed. The tracks the Allegheny Valley Railroad are 
crossed double-track, solid floor deck plate-girder span, 100 ft. length. 
The remainder the structure consists 30-ft. towers, with intervening spans 
suitable length. The old and the new viaducts are shown comparison 
Plate 

The entire structure was designed for Cooper’s E-60 loading, 14-ft. track 
centers, and 16-ft. clearance diagram. order that the future the new 
structure might adaptable the new main spans over the Allegheny River, 
was decided construct the new viaduct accommodate 14% 
descending grade, used until the reconstruction the river spans, 
which time grade would obtained. The contemplated future raise 
grade was taken care the use additional pedestal blocks, where 
the stringers were placed top the cross-girders, and, the points where 
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the stringers were framed into the cross-girders, changing them 
position top the cross-girders, using suitable pedestal blocks. Where 
changing the stringers from framed-in placing top was not sufficient, 
arrangements were made secure additional elevation raising the cross- 
girders, the cross-girder connections, this case, being detailed that they 
could readily elevated. one double-track span, ft. long, the girders 
could not used, and new columns were also necessary four the 
bents, well additional miscellaneous material. 

May 1915, contract was placed with the American Bridge Com- 
pany, covering the fabrication and erection the steelwork for the super- 
structure the part the structure from the abutment east Liberty 
Avenue the east bank the Allegheny River. The total weight steel 
entering into this viaduct was 354 238 

August 12th, 1915, contract was placed with Joyce and Com- 
pany, Incorporated, New York City, covering the masonry substructure for 
this viaduct, and the date completion was set for June 20th, 1916. The 
Company commenced operations September 13th, 1915. the meantime, 
August 14th, 1915, the City had placed contract for the raising the 
Herron Avenue (formerly Forfar Street) Bridge, with John Jr., 
who commenced operations September 17th, 1915. 


33D STREET VIADUCT 


March, 1916, the forces American Bridge Company began the erec- 
tion the steelwork. was necessary consider the movement traffic 
this point, and make such adjustments were needed permit the handling 
the reconstruction the viaduct. Prior beginning erection, single-track 
operation had been resorted over this viaduct. was deemed advisable, 
however, divert all traffic temporary trestle constructed especially for 
this purpose. This trestle occupied, general, the north sidewalk 33d 
Street, between Liberty Avenue and the 36th Street Yard cross-over, and was 
built approximately the new grade. This work was done the spring and 
early summer 1916, and traffic was transferred the temporary high line 
July 1916. 

During the period which the erection this viaduct was progress, the 
economic reaction the World War was felt. The supply labor was un- 
certain, the cost was rising, and was necessary concede several increases 
the wage rate. May 24th, 1916, the erection forces discontinued work, 
and remained idle until June 5th, 1916. During September, 1916, was 
announced that, all railroads, basic 8-hour working day would become 
effective January 1st, 1917. view this fact, precaution was spared 
insure double-track operation over this viaduct that date, and October 
16th, 1916, the east-bound track the new viaduct was put into service. 
was placed over the west-bound track October 22d, 1916. 

Although modern structure now extended the east bank the 
Allegheny River, its advantage was seriously impaired the old and inade- 
quate spans over the river. The supply engines that could safely operate 
this point had been reduced, and necessity the old spans, 
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during the remainder their service, utilized the utmost; Oc- 
tober 23d, 1916, necessary establish single-track operation over 
the river spans. 


For River 


The reconstruction work the 33d Street Viaduct had been followed 
with attention the War Department, view its relation the river 
spans and the fact that the viaduct and the river bridge actually constitute 
one homogeneous structure. August 2d, 1916, the representatives the 


Railroad Company were summoned the United States Engineer’s office, and 


questioned concerning the work the river spans. was then held 
the Railroad Company that the work the structure whole had been 
started, and that plans for the river bridges were progress. The Railroad 
Company also stated that undertake the reconstruction the river spans 
prior the completion the 33d Street Viaduct was impracticable, because 
the interference with traffic. The War Department extended the time 
limit one year which provided for the commencement the work not later 
than September 30th, 1917, and its completion within three years. 

The Secretary War demanded the raising the Allegheny River bridges 
below Herr’s Island, provide 47-ft. vertical clearance above pool full, and 
those above that point ft. The statement was made that the bridges were 
obstruction navigation, and that immediate elevation was necessary. 
view the negotiations already under way between the War Department 
and the Baltimore and Ohio Railroad Company, and the contemplated renewal 
its bridge, that Company was omitted from citation the War Depart- 
ment order March 23d, 1917, under which notices were served the 
County Allegheny and the Pennsylvania Railroad Company. 

The Declaration War with Germany the United States made im- 
mediate traffic and needs prime consideration, and work was sus- 
pended during the remainder 1917 and during 1918. rigid re- 
strictions and careful maintenance, the old bridge was kept service. 

With the termination hostilities, the reconstruction the river spans 
was again considered, and early 1919 negotiations were resumed with the 
War Department. Certain changes were advisable, and March 10th, 1919, 
modified plan reconstruction, submitted the Railroad Company, was 
approved the War Department. This approval was based construction, 

The engineering problems connection with this reconstruction were in- 
tensified the demand the War Department that the work conducted 
permit navigation the river all times, the necessity building 
the new structure elevation approximately ft. above that the 
old bridge, and right-of-way conditions which necessitated the maintenance 
traffic within the property lines. 

The structure involved this improvement has length 2122 ft., and 
extends from the west end the 33d Street Viaduct, the east bank 
the Main Channel, the abutment the westerly end the new structure. 
series girder spans were used for crossing the Island, and two truss spans, 
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265 ft. and ft. in., respectively, for crossing the Main Channel, thus pro- 
viding clear channels for river traffic 236 ft. and 400 ft., respectively, with 
minimum overhead clearance above Davis Island Pool ft. The westerly 
approach consists about 900 ft. fill, and approximately 600 ft. double- 
track, frame trestle supported timber piles, between the fill and the west 
abutment the main structure. The trestle temporary structure, and 
eventually will replaced earth slag fill. general, the center line 
the new structure coincides with that the former bridge, except west- 
ward from about the center Herr’s Island, where there wide deviation. 
The fact that traffic problem was involved the construction the west 
end the new bridge greatly simplified the work. 


The contract for the substructure was placed with the Vang Construction 
Company, Cumberland, Md., August 15th, 1919. Between the westerly 
end the 33d Street Viaduct, indicated Pier and the termination 
the new steel bridge Abutment Plate there are nineteen new concrete 
piers, designated the letters, inclusive, sites distinct from 
the old masonry, and their construction occasioned interference, except 
Pier The reconstruction Pier was not commenced until the new 
spans that end had been placed, and then the new pier this location was 
constructed the old foundation which was good condition and consisted 
timber grillage timber piles. 

Piers and which support the ft. 9-in. and the 265-ft. Main 
Channel spans, were built timber caissons, sunk the process 
footing sandstone, about ft. below the water level the Herr’s Island 
Pool. Borings were taken the site each pier prior the commencement 
this work. 

The foundations for the Main Channel piers are from ft. below 
what was first thought suitable bearing strata. unusual forma- 
tion was discovered beneath the river bed. Below apparently solid top 
course were thin layers partly decomposed shale, separated intervening 
mud strata. The caissons were nosed into the shale, and excavation was con- 
tinued for distance from ft. below the cutting edge. 

The height which these piers could built was limited the old 
bridge, and, consequence, they were stopped temporarily elevation 
slightly below the under-clearance line the old spans. The new spans were 
supported steel columns, which were encased concrete after the comple- 
tion the new superstructure final line and grade. 

The caissons used the construction these piers were built adjacent 
the work, and consisted timber boxes, ft. long, ft. wide, and ft. 
high. Two muck shafts, ft. diameter, and one 3-ft. man shaft was provided 
each caisson. The side walls the working chambers were strengthened 
with reinforced concrete, and the roof each consisted reinforced con- 
crete slab. The combination timber and reinforced concrete construction 
such manner provide sufficient buoyancy for the floating the 
caissons their sites worthy note. 
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Pier was located the center the arch the old west arch abut- 
ment, and was found that the area covered the old arch was paved with 
two courses stone masonry, supported two layers 12-in. timber 
and one layer 4-in. planking, the entire area being supported timber piles, 
spaced approximately ft., center center. This pier was sunk means 
pneumatic caisson support the old timber piles, about ft. be- 
low the level the Herr’s Island Pool. 

The piers Herr’s Island were footed concrete piles, and was 
possible detour the traffic the single-track timber trestle, placed along- 
side the permanent alignment, these piers were built final elevation before 
placing the steel. Piers inclusive, were footed sandstone about 
ft. below Herr’s Island Pool. Pier was built caisson, pneumatically 
sunk; the other three piers this group were built means open coffer- 
dam, although, with Pier air bell, operated pneumatic equipment, was 
used. Piers and Abutment are supported concrete piles. 

The conditions Pier (Fig. 2), which led the use air bell were 
unusual. The depth from pool full river bottom this pier, was about 
ft., and the underlying soil consists ft. sand and gravel, under which 
layer shale sandstone. With the object reaching sandstone 
foundation, the site was dredged depth ft., and coffer-dam was 
constructed single row interlocking sheet piles which enclosed the pier 
and the adjacent area. The area inside the coffer-dam was dredged within 
ft. rock, and the excavated material was utilized for banking the walls 
the coffer-dam. 

When attempt was made drain the coffer-dam, considerable leakage 
occurred, being especially marked adjacent the old masonry pier, which 
the coffer-dam was joined pockets filled with clay and sealed against the 
old foundations, thus creating element danger. 
the old pier and appeared have been constructed timber cribbing. 
account the perceptible vibration the old pier passing trains, the pump- 
ing was discontinued, this operation tended draw water through the 
old foundations, thus creating element danger. 

avoid the possibility danger, was decided use air-bell for 
completing the excavation and for depositing the concrete for the new pier. 
Since the foundations for Piers and had been completed previous 
the operations Pier compressor plant and force “sand hogs” 
were available. The inside dimensions the coffer-dam were 17.5 ft. 
58.5 ft., the outside dimensions the air bell being ft. ft., with height 
ft. in. This air-bell was constructed. Herr’s Island, adjacent the 
work, and was hoisted above the coffer-dam derrick boat, with three air- 
shaft sections attached. The bell was sunk the bottom inside the coffer- 
dam, with space ft. in. between the sides the air bell and those 
the coffer-dam. This space was filled with tremie-deposited concrete, the bell 
completely covered, and its top and sides were sealed, after which the water 
was pumped from the coffer-dam, and the was deposited the dry, 
the water level. 
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Air pressure was then applied the bell and the water inside expelled. 
The underlying soil was removed, and the rock was quite soft, excavation 
was continued ft. into the sandstone. The concreting the excavation, in- 
cluding the interior the bell, was then performed under air pressure. The 
bell was light construction, and the conditions under which was used 
were distinct from those prevailing the construction and use ordinary 
pneumatic caissons. The absence launching stresses cutting-edge 
stresses, and the fact that the interior air pressure was resisted the con- 
crete enclosing the bell, conferred further advantages this operation. 

the construction the bell, 8-in., ship-lap pine sheathing was 
used, which was spiked nine 10-in. pine cross-frames. The ex- 
perience with the problems Pier described, indicates that the air-bell 
method adopted was the most economical. 

The plant the Vang Construction Company this point 
steel concreting tower, 225 ft. high, from which, after being mixed cen- 
tral plant, most the was deposited chutes. Dinkey equipment 
was used deliver the concrete those points where was impossible 
deliver the chutes. complete air-compressor plant was located 
site selected meet the needs the work. Although the work the sub- 
structure for this bridge was carried through severe winter, which handi- 
capped the operations the contractors, excellent record was maintained. 


Erection 


Shipments steelwork began arrive the bridge site early May, 
1920. The original intention was use sub-divided truss panels 
for the 436 ft. 9-in., through, truss span, and panels for the 265-ft. 
through, Pratt truss span, BC. The design finally developed for the ft. 
span was simple triangular truss panels, having panel points 
and members per truss. The simple form truss adopted eliminated sec- 
ondary stresses great extent. 

The work erection began June, 1920, and proceeded simultaneously 
from each end the new steel structure. scheduling this work, the con- 
templated grade change and the necessity for establishing the final grade 
elevation approximately ft. old grade, were considered. 
stated previously, the line the new structure diverges from that the old 
its westerly portion, near the Back Channel. The old Back Channel 
structure has been retained and adapted single-track operation. This 
required the placing new floor two the old spans, the remainder 
this structure consisting the new single-track Herr’s Island connection, 
crossing the Back Channel, which designed for Cooper’s E-50 loading. 

Since the new and the old alignment coincide the east bank Herr’s 
Island, temporary single-track detour was constructed over the Island 
the up-stream side the permanent line. The plate-girder spans which form 
the viaduct the west end, from Abutment Pier were erected 
final position. The through plate-girder span, was erected ft. south 
its final location, that is, its final west-bound track was used temporarily 
the location the east-bound track, this arrangement being made order 
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that the overhead clearance required for the connection track Herr’s Island 
could obtained, and view the necessity obtaining adequate lateral 
clearances for the detour track. The east-bound track Span FG, this 
position, served the purpose erection siding, providing access the 
434-ft. span its temporary position down stream from the old structure. 
order provide suitable lateral clearance for this track, was further neces- 
sary cut one corner Pier and use plumb face. The deck plate-girder 
spans, and EF, could not erected their final location, due inter- 
ference with the detour track. 

the east end the structure, the 97-ft., deck plate-girder span, AB, and 
the 265-ft., through truss span, BC, were assembled and erected the old 
low level, falsework extensions the new piers (Fig. 3), built down 
stream from the bridge, falsework extensions the old piers, for the support 
the two old truss spans their rolled-up position, being made the up- 
stream side the structure. During the erection the 265-ft. truss span 
and the 97-ft. girder span, the east end the river structure, the river 


traffic passed under the third span from the east bank the old bridge. Aftex 


the 265-ft. through truss span had been moved final line, the old pier beneath 
was removed, and the channel dredged under the new span. The move- 
ment river traffic was then shifted this opening, and the falsework for 
the 436 ft. 9-in. channel span was placed. This method disposing the 
traffic the river made possible erect both these spans falsework, 
and obtain completely riveted structure. 

The 97-ft. girder span, AB, the east end this bridge, was supported 
temporary position double pile bents piles per bent, located down 
stream from the present structure. connection was made between the 


tracks this span and the east-bound track the 33d Street Viaduct 


trestle and turn-outs. The west end the 97-ft. girder span was fitted with 
special brackets which seated the end floor-beams the 265-ft., through 
truss span that carried the west end the deck plate-girder span during 
the rolling operation. 

For rolling, the east end the 97-ft., deck plate-girder span, that is, 
Pier was carried two nests rails four lines each, with rollers be- 
tween, in. diameter, spaced in., center center. The falsework for 
the 265-ft. span consisted seven bents, one under each intermediate panel 
point, braced transversely with timber bracing and longitudinally every 
other panel point four lines cross-bracing and girts placed the tops 
the bents and also just above the water surface. Each bent consisted 
nineteen piles, about ft. long. were placed top the caps the 
pile bents distribute the panel loads. 

support the span during erection and during the rolling operation, the 
down-stream pier extensions, Piers and were made strong enough 
permit the swinging the span, thus supporting simple span from 
end end. Piers and additional castings ft. in. high were placed 
the final location the truss shoes, between which were placed, 
and bolted the castings. were also placed from the end the 
pier the falsework supporting the new span; the tops the to- 
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with the steel castings, furnished continuous, smooth surface, 


which the rolling took place. 

The new span was moved rollers, in. diameter, spaced in., center 
The power for the rolling operation September ist, 1920, was 
furnished two locomotive cranes and derrick car, distributed fol- 
lows: One locomotive crane the ground elevation, near the up-stream end 
Pier one locomotive crane the east end the span, Pier 
and one derrick car the west end the 265-ft., through truss span, 
Pier 

The old spans were placed rollers, in. diameter. These spans were 
blocked the new spans, and were pushed out place the movement 
the latter final position. 

Constant check the movement the spans during the rolling was 
maintained transit observations range boards. The cranes, derrick car, 
and the old and the new piers, were connected telephone. The foreman 
and field engineer charge the operation were located the telephone 
central, and thus had direct communication with all points movement. 

September ist, 1920, the 265-ft., through truss span, BC, and the 97-ft., 
deck plate-girder span, AB, were pulled final line the old grade (Fig. 3), 
and, simultaneously, two old truss spans, extending from old Piers Nos. 
and were withdrawn temporary position the up-stream pier 
extensions. The total length the old spans removed this operation was 
about 412 ft., while the length the new spans moved into place was about 
360 ft., which left gap about ft. between the new steel and the easterly 
end the old span between Piers Nos. and This gap was bridged 
temporarily single-track, deck, plate-girder span, about ft. length, 
which was floated barges position directly under the opening. After 
the movement the two long spans, derrick car was moved the westerly 
end the 265-ft. span, BC, and the 50-ft. girder span was raised from the 
barges and bolted into temporary position. 

The chronology the various operations incident the performance the 
work September ist, 1920, briefly summarized, follows: 


10:00 track was broken. 

10:10 rolling the two spans. 

reached final line, rolling ceased. 

11:30 ends the truss span landed; rollers removed and 
track connection made the east end, Pier 

11:45 lift temporary girder span placed between 
new Pier and the old pier the middle the river, this girder 
span having been provided with timber deck and rails, and placed 
barges immediately below the opening. 

12:00 m.—Temporary girder landed. 

12:10 satisfactory condition east end bridge, work 
train removed derrick car from the structure. 

1:03 M.—First train passed over the bridge. 
1:20 passenger train passed over the bridge. 
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The total period interruption traffic was hours min. The period 
min. sec. does not represent the actual time required for the move- 
ment these spans, which was only min., the difference, min. 
was consumed stopping the rolling operation three times, order check 
the position the spans, and make sure that all equipment was 
tioning satisfactory manner. The weight rolled was, follows: 


Span AB: 
Span BC: 


Approximate weight equipment span..... 670000 
Two Old Spans: 


The old spans were then dismantled. The floor system and the top and 
bottom lateral bracing old Span No. were removed, after which the trusses 
were skidded the new bridge, lashed it, and dismantled. This procedure 
was impossible*in dismantling old Span No. After the floor system and 
laterals were removed, the trusses were lowered into the river, and then 
removed. 

When this operation was completed, preparations were made for the placing 
the 436 ft. 9-in., through truss span. this stage the work, all traffic 
was carried single-track line, the west-bound side, from the crossing 
the 33d Street Viaduct over the tracks the Allegheny Valley Railroad, 
over new Spans and BC, the temporary girder span, and the two old 
truss spans, Herr’s Island, thence over the detour trestle and the old Back 
Channel spans the low level. 

The remaining work may divided into five parts, namely: 


I.—The raising the east-bound track the 33d Street Viaduct, 
from the Allegheny Valley Railroad Crossing Pier dis- 
tance 921 ft. 

II.—The rolling into final position, high level, the 436 ft. 9-in., 
through truss span, CD, and the deck plate-girder span, DE. 

rolling the through plate-girder span, FG, distance 
ft. 

placing deck plate-girder span, 

jacking the 265-ft. through truss span, the new 
grade. 


The raising the east-bound track the 33d Street Viaduct was started 
promptly, the stringers alone being raised, and, where necessary, temporary 
steel pedestals and bents were provided between the bottom the stringers 
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and the top the cross-girders. This temporary steelwork was scrapped after 
both tracks the viaduct had been raised and the cross-girders brought 
their final elevation. The deck plate-girder span under the east-bound track 
Span was also raised when the east-bound track the 33d Street Via- 
duct was elevated. was necessary, therefore, that Operations II, III, 
and carried out one time, when all traffic would abandoned. The 
final change was made December 20th, 1920, according plan each step 
which was carefully arranged advance. 

The jacks and pulling tackle were tested the day before. The alignment 
the moving spans was maintained transit observations horizontal gauge 
boards, the foreman, transitmen, and engine operators, were provided with 
telephones. 

The weight involved the rolling operation December 20th, 1920, was 
approximately, follows: 


Truss Span CD: 


Deck Plate-Girder Span DE: 
Two Old Truss Spans: 


The approximate distribution this load the respective bearing points 
was: 


Prior December 20th, 1920, the entire bridge was operation the 
low level, with only the west-bound track service, the east-bound track 
the 33d Street Viaduct was being raised take traffic the new grade, 
after the final change the river span. 

Piers and (Fig. 4), the rigging consisted 20-part tackles, 
steel rope, and Pier 8-part tackle and 13-in. manila rope. The roller 
nests consisted rollers, in. diameter, ft. length, spaced in. center 
center, held side-bars perforated admit the ends the rollers. Practice 
has shown that load equal the usual loading expansion rollers satis- 
factory, and data are available the friction expected. The calculated 
roller load was 1960 per lin. in. roller, about 650 per lin. in. 
roller per inch roller diameter. The rolling friction was assumed 
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0.006, based 1-ft. diameter roller, 0.024 for the roller in. diameter. 
Experience indicates that this amount about 20% too high, when the track 
supported that local crushing occurs. 

The ft. 9-in. channel span was erected the elevation the new struc- 
ture; steel bents provided support the new piers after had been 
rolled final position these piers which were about ft. below their 
final height. the shoe-plates the new span were little below the rail 
level the old spans, was possible place the steel bent Pier without 
fouling the track, and this bent was moved with the 265-ft. span. Pier 
the other end the span, however, was located under the old structure, that 
this bent could erected. was built falsework, part the new 
span, with which was moved into place. 

The connection between the new and old spans was made placing 
blocking and struts between the posts the two spans number points. 
The force necessary move the old spans thus had resisted the lateral 
bracing both the old and the new spans. 

The falsework extensions provided for the erection and movement the 
new span consisted two 8-pile bents each panel, each capped with one 
12-in. timber and two 24-in. Pier the support consisted 
pony bents framed top the timber pier extensions, which, capped the 
low level, had served for the movement the 265-ft. span. Pier the 
new bent was framed the full height. The track for the rolling consisted 
five 30-in. girders. 

Preliminary the rolling, the old spans, the withdrawal which was 
included this operation, were raised jacks, four which were 
placed under the end each span. The jacks worked against short lifting 
girders, from which were suspended wire rope slings attached the end pins 
the respective spans. When the spans had been raised sufficient distance, 
rollers were inserted, which the spans were permitted take bearing the 
remainder the roller nests were then introduced the spaces between the 
shoes, and linked together. Rollers had been placed under the new span before 
was swung. When the movement had been completed, the roller-nest seg- 
ments between the shoes the new span were disconnected and removed, after 
which the span was raised jacks placed under the end floor-beams, permit 
the removal the rollers under the shoes. 

The pier bent Pier was braced struts extending from the base 
the bent the first panel point the bottom chord the span. Pier 
the rockers the expansion bearing, which this span rested, were blocked 
locking plates until the completion the movement and the removal the 
rollers. 

The weather Monday, December 20th, 1920, was ideal for the operation. 
After east-bound train No. had passed, M., the track was cut. The 
temporary girders between Pier and the east end the old span were lifted 
out the derrick car, and carried out the way. The track was also cut 
Pier remove the carrying the detour operating 
across that.pier. This left the pier clear for the rolling the new spans, 
and DE, and the withdrawal (Fig. 5.) Two locomotive 
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Fic. TRACK SPANS LOW LEVEL. 
BEFORE ROLLING. 
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cranes the long truss span and derrick car the new west approach 
furnished the power for this operation. soon the new spans were 
final position, they were jacked remove the rollers, and then lowered 
permanent bearing the masonry. The movement was accomplished 
min. actual moving time; and the total distance moved was ft. 
making average nearly ft. per min. 

The chronology operations connection with the movement the 436 
ft. 9-in. through truss span and deck plate-girder span, DE, and the with- 
drawal the two old truss spans replaced them, 

7:00 severed, immediately after the passage east-bound 
train No. 
7:17 car arrived Pier for removal temporary 
50-ft. single-track deck plate-girder span. 
7:40 arrived Pier for the removal parts 
the detour trestle. 
8:54 M.—Rolling completed, total time min.; actual time rolling, 
min. 


previously stated, the west-bound track deflected the right, from the 
west end the old river bridge, reaching detour alongside the new west 
approach, which was maintained while this approach was being erected final 
alignment. This viaduct was built complete within three spans the river 
bank, which spans had left until the final change, account inter- 
ference with the detour. 

While the work removing the rollers from under the channel span was 
progress, the steel bent Pier was extended permit the rolling 
through plate-girder span, FG, final position. The rolling this span 
started 12:06 M., and was completed 12:14 the total elapsed time 
rolling being min. Immediately after the placing this span, the girders 
for Span were erected derrick cars. 

soon the ft. 9-in. channel span had been moved final position 
(Fig. 6), and the two old truss spans replaced had been withdrawn, the 
jacking the 265-ft. through truss span the new grade commenced, and 
was finished 12:45 December 21st, 1920. 

Jacking operations are difficult and complicated, whereas the rolling 
bridge spans there little danger since breakage the pulling tackle failure 
the power merely stops the movement. 

Jacking also tedious operation; each lift measured inches, and the 
lifting frequently stopped for re-setting. further essential that, the 
load raised, adequate supports must provided sustain it, which accounts 
for the great amount time required for such work. Jacking operations 
involve element danger, and this procedure was adopted the present 
instance only matter necessity. 
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The 265-ft. through truss span was lifted distance ft. in. the 
east end, Pier and ft. in. the west end, Pier The load lifted was 
about 1200 tons, tons each pier. Four hydraulic jacks, each with 
capacity 500 tons, were used each pier, sets two working and two 
idle. These jacks had run-out in. lifting the idle pair jacks 
with the span, setting blocking under it, and then using these jacks for 
further lift, continuous lifting operation was possible. order avoid 
the carrying the blocking undue heights, the steel columns which 
the span was rest, were made three sections. 

provide transverse bracing for the sectional columns, sectional girders 
diaphragms were placed between the two columns the raising progressed. 
These girders were used support the jacks, and was unnecessary, there- 
fore, build blocking for the jacks the full height the lift. After 
setting one story the columns place, was necessary lower the span 
the columns, raise both jacks and remove the blocking under them, and 
insert the girder section between the columns. For the further operation, the 
jacks rested the girder previously they had rested the Two 
girders were provided the west end the span and three girders the east 
end. 

The lift was accomplished each end three successive raises about 
ft. each. fourth lift was made Pier for the purpose inserting cast 
pedestal intended equalize the shoe heights the two adjoining spans. 

The piping was arranged that each pier the two spans were 
jacked unit. For the first fleet jacks, both ends were carried 
together; after that, the two ends were jacked separately. While this process 
was being carried on, the span was being followed rail grillages placed 
top the partly completed columns, arranged such manner that 
only one-half this grillage was removed until the next column section was 
slipped half way into place. further safeguard, the heads the jacks 
were followed filler-plates surrounding the plungers. 

All preparations the two piers having been made advance, the jacking 
started M., December 20th, 1920, and proceeded continuously, being 
completed shortly after midnight. The work placing the girders between 
the pier columns proved slow, because the skew the girders with respect 
their end connections and the columns. Work after dark also proved slow. 
(Fig. 7.) 

Connecting the new track required another hour after the span was 
entirely landed and secured. 1:40 M., December 21st, 1920, the track 
was ready for traffic, and 1:45 the first engine passed over the new 
structure, the east-bound track, the only track service that time. 

Before train service could turned over the west-bound track, and double- 
track operation started, was necessary raise the girders for that track 
the viaduct along 33d Street the new grade. already explained, pro- 
vision for such raise grade was made when this viaduct was built; this 
was done framing the first sixteen spans longitudinal girders adjacent 
the bridge between cross-girders the steel bents, while all the remaining 
girders the viaduct were placed top the cross-girders. The raise 
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grade was accomplished, therefore, shifting the longitudinal girders from 
between the cross-girders the top flanges, supplemented the use shims 
blocks varying thickness; further raise grade the seven spans 
nearest the river bridge was provided designing the connections the 
cross-girders the columns that the cross-girders could moved vari- 
able distance the columns. this last change could not made until 
the girders for both tracks were raised, the girders for the east-bound track, 
which were raised first, were supported temporary steel pedestals placed 
top the cross-girders. 

During the time that traffic over the bridge was suspended, December 
20th, 1920, local passenger trains running west Pittsburgh operated 
and out the Allegheny Passenger Station, while all through passenger 
trains were operated over the Pittsburgh and Lake Erie Railroad, between 
New Castle Junction and McKeesport. 

With the completion the major operation December 20th, 1920, the 
concluding phases the work were prosecuted with vigor, including the 
raising the west-bound track the 33d Street Viaduct the new grade, 
already mentioned. Thursday, January 27th, 1921, traffic into the 36th 
Street Yard was suspended 7:30 2:40 Thursday, February 
10th, 1921, the 36th Street Yard connection was put into service. 

Traffic was likewise abandoned over the Herr’s Island connection track 
crossing the Back Channel, while the floor system this structure was being 
changed; train movement was resumed over this track 3:45 Tuesday, 
March 15th, 1921. 

7:00 Wednesday, March 16th, 1921, the west-bound track over 
the river bridge was thrown open 

Double-track operation was established over the river spans March 
16th, 1921, although this improvement was not formally placed the hands 
the Operating Department until Saturday, June 11th, 1921. 

The approximate quantities involved this work are follows: 

For the elimination Liberty Avenue grade crossing and reconstruction 
33d Street Viaduct: 


Superstructure: 
Weight new steelwork, pounds...... 354 000 
Timber deck, feet, board measure..... 450 000 
Concrete solid floor spans, yards 459 
Water-proofing solid floor spans, 
Substructure: 
Total cubie yards concrete piers, abut- 
ments, pedestals, and retaining walls.. 800 
Total linear feet concrete piles....... 200 
Total yards excavation ........ 000 


For the Allegheny River Bridge, crossing Main Channel, 
Back Channel, Herr’s Island, Herr’s Island connection, and 36th Street Yard 
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connection, including raising 33d Street Viaduct West the Allegheny 
Valley Railroad Crossing, July, 1919, June, 1921: 


Raising 33d Street Viaduct: 

Superstructure: new steelwork, pounds. 396 305 
265-ft. Truss Span BC: 

New steelwork, 098 000 
436 ft. 9-in. Truss Span 

Superstructure: New steelwork, pounds. 000 
Through Plate-Girder Span FG: 


New steelwork, pounds................ 412 850 
Deck Truss Span NO, crossing Back Channel: 

36th Street Yard. Connection: 

New steelwork, pounds............... 529 502 


Single-track Herr’s Island Connection over Back 
Channel, including new floor system: 
New steelwork, pounds................ 686 814 
Remainder structure, consisting deck plate 
girders between Pier and the west abut- 
ment, 


River and island structure: 
Total weight steelwork, pounds 312 300 


New steel structure: 
Total quantity timber floor system, 
feet board 604 000 
The substructure for the river and island spans contains the following 
approximate quantities: 
Concrete piles, linear feet.............. 600 
the trestle approach west Abutment and the trestle approach 
the 36th Street. Yard connection, the following approximate quantities are 


Timber piles, linear feet............... 000 
feet board measure........... 480 000 


The fill the west end the structure, and the fill the approach 
the 36th Street Yard connection required total cu. yd. 

The cost the elimination the grade crossing Liberty Avenue, the 
reconstruction the 33d Street Viaduct, the river, Island and Back Channel 
structures, and other incidental work, amounted approximately 000 000. 


ORGANIZATION 


the reconstruction the 33d Street Viaduct, and the grade-crossing 
elimination work incident thereto, the interests the Railroad Company 
were placed the general charge Francis Lee Stuart, Chief Engineer, 
Am. Soe. E., and Begien, Am. Soe. E., who, Mr. Stuart’s 
resignation July 10th, 1916, succeeded him Chief Engineer. The work 
including the preparation general and detail plans, 
fabrication steelwork, was under the supervision 
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Mr. Bouton, Engineer Bridges. Paul Didier, Am. E., 
Principal Assistant Engineer, was responsible for the field work, and may 
mentioned, matter interest, that Mr. Didier was also connected with 
the original bridge construction this point, 1883-84. 

the reconstruction the river and island structure, the Railroad Com- 
pany’s interests were placed the general charge Lane, Am. 
E., Chief Engineer. The superstructure work, including the prepara- 
tion general and detail plans, fabrication the steelwork and erection 
the field, was under the supervision Mr. Bouton, Engineer 
Bridges, until October 24th, 1919, and, from that date until the completion 
the work, under that the writer. The field work was under the supervision 
Mr. Clarke, District Engineer, represented the site Mr. 
Ray, Assistant Engineer. The services Greiner, Am. Soe. E., 
Consulting Engineer, were retained, and was represented the site 
Stearns, Am. Soc. The American Bridge Company, placed 
charge the erection deVou, Am. E., Division Erecting 
Manager, Orr, Assoc. Am. E., Assistant Division Erecting 
Manager, and Mr. Sherman Frantz, Superintendent. 
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TENTATIVE PLAN FOR THE CONSTRUCTION 
780-FOOT ROCK-FILL DAM, THE COLORADO RIVER, 
LEE FERRY, ARIZONA. 


proposed build rock-fill dam narrow canyon the Colorado 
River blasting the canyon walls. The dam this paper was 
designed raise the water 700 ft. above the bed the river. Both the height 
the dam and the plan suggested for its construction are unique features. 
The walls the canyon rise 1300 ft. above the river, and the width the 
the water surface 450 ft. 

During the past six years, the writer has had mind the plan herein out- 
lined for the construction such dam. dam this type may built 
the Lower Colorado within the next year two, believed that the 
presentation this paper this time will be.of interest many engineers. 
There may difference opinion the feasibility the plan pre- 
sented. Some engineers may have studied this problem carefully, but the 
writer’s knowledge one has ever made the results his studies available 
the Engineering hoped that engineers will present their 
views the form constructive criticism this paper. 


INTRODUCTION 


the southwestern part the United States, the demand for power 
increasing rapidly. California alone, construction plans which for 
the expenditure several hundred million dollars, have been adopted for the 
development hydro-electric power. result these plans, the ultimate 
development the power resources the Sierra Nevada and Coast Range 
Mountains, the southern part California, sight. 


discussion will published subsequent number Proceedings, 


when finally closed, the papers, with discussion full, will published Trans- 


Hydraulic Engr., Geological Survey, Pasadena; Cal. 
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The construction high rock-fill dams blasting down the towering 
canyon walls has been suggested connection with the studies both power 
and irrigation development. This paper deals primarily with the practicability 
constructing such dam the Colorado River. particular site (Lee 
Ferry) has been chosen, order that the discussion might based definite 
dimensions. should not construed, however, advocating this any 
other specific project. 


River 


General Colorado River formed the junction the 
Green and Grand Rivers Southeastern Utah. The combined length the 
Green and the Colorado miles and the total fall about 000 ft. 

The Colorado River and its tributaries drain area 244000 sq. miles. 
This area comprises the southwestern part Wyoming, the eastern half 
Utah, the western part Colorado, practically all Arizona, and small parts 
California, Nevada, New Mexico, and Mexico. (Fig. 1.) 

The water resources the Colorado River Basin are enormous. About 
000 acre-ft. water wasted annually into the Gulf California. 
Practically all this water could used for irrigation and, addition, large 
amount hydro-electric power could developed. order utilize fully 
the water resources the Colorado River Basin, the flow must regulated 
meet the demands for both irrigation and power. The storage the flood 
waters would serve threefold purpose: Water would available for irriga- 
tion when needed; the possibilities for the development hydro-electric power 
would greatly increased; and with the ravaging floods under control, 
property the lower river, exceeding $100 000 000 value, would safe. 

Storage Reservoir comprehensive plan for the development the 
water resources the Colorado River Basin will undoubtedly call for the 
utilization most the reservoir sites mentioned Table The locations 
these sites are shown Fig. 


Stream. dam, acre-feet. 


Flaming Green River, 


720 000 

Juniper Yampa River, 200 400 000 

Grand River, 230 200 000 

Junction Green and Grand Rivers, 

San Juan River, 264 600 000 
Colorado and San Juan Rivers, Utah- 

Boulder Canyon............. Colorado River, Nevada-Arizona........ 600 600 000 


The figures this column indicate the elevation spillway above river bed. 
Estimated. 


These storage sites and their use were discussed the writer’s report 
the “Colorado River and Its analysis was made the 


Water Supply Paper No. Geological Survey, 1916. 
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records stream flow, mass curves indicated that the flow the ‘Lower 
Colorado could equalized properly located reservoir sites having aggre- 
gate storage capacity 25000000 acre-ft. were utilized. This study also 
indicated that, allowance made for evaporation from the surface 
these reservoirs, uniform flow 21800 sec-ft. could maintained below 
the San Juan River. The irrigation additional lands the Upper Basin 
would further reduce the quantity for the uniform flow that might main- 
tained storage. 

Undeveloped Water Power Between Green River and Boulder Canyon.— 
the 670 miles between the Town Green River, Utah, and Boulder Canyon, 
Nevada-Arizona, the fall about ft. this part the Colorado and 
that part Grand River below the elevation the Town Green River are 
practically continuous canyon, the use the water for irrigation within 
this stretch impossible; but conditions are favorable for the regulation 
flow storage and for the development power. The entire regulated flow 
might profitably used for the irrigation extensive areas arable land 
situated below Boulder Canyon. 

The data now available indicate that the water-power resources the 670 
miles the river between Green River and Boulder Canyon, may utilized 
developing five projects. 

Green-Grand Project.—A 170-ft. dam built the Colorado River imme- 
diately below the mouth Green River would make possible the development 
110000 h.p. The capacity this project for power may greatly in- 
creased when the flow the Green and Grand Rivers regulated additional 
storage the upper basin these streams. 

Lee Ferry building Lee Ferry raise the water 
700 ft., 1000000 may developed. 

Marble Canyon that the flow the river regulated 
storage above, may prove feasible develop between Lee 
Ferry and the western boundary the Grand Canyon National Park. 

Diamond Creek the western boundary the Grand 
Canyon National Park and Diamond Creek, the Colorado River falls 500 ft. 
This part the river may developed building two dams, each dam 
raise the water 250 ft. The capacity this project would p., 
the flow the river regulated storage above. 

Boulder Canyon assumed that Boulder Canyon the flow 
will re-regulated meet the demand for water for irrigation. Under this 
condition, dam 550 ft. high will make possible the development 700 000 

More than 4000000 continuous horse-power may developed between 
Green River and Boulder Canyon. The aggregate installed capacity the 
power plants would probably more than 000 000 


Tue Lee Ferry ProJect 


Eight miles above Lee Ferry, Ariz., site which has been selected par- 
ticularly favorable for both the regulation flow and the development 
power, the possibilities which will disclosed the surveys and investiga- 
tions now progress. 
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Fig. shows the general location the Lee Ferry project and Figs. and 
show tentative plans for the storage dam, alternate spillway sites, and the 
position the power tunnels and power house. The contours (Fig. were 
sketched and are intended only show roughly the surrounding topog- 
raphy. careful survey will probably show more favorable conditions. The 
physical features are shown clearly Figs. and The views can 
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better understood referring Fig. which shown the number 
the photograph, the point from which was taken, and arrow indicating 
the direction view. 

Present information indicates that construct 780-ft. dam the Lee 
Ferry site may prove feasible. dam this height would form reservoir 
with capacity about acre-ft. The maximum back-water would 
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extend stream nearly the junction the Green and Grand Rivers 


within 230 ft. the elevation the piers the railroad bridge near Green 
River, Utah. 

The capacity the upper 100 ft. the Lee Ferry Reservoir would 
about 20000000 acre-ft. Allowing for evaporation from the reservoirs and 
for the use water the upper basin for the irrigation additional lands, 
the 000 000 acre-ft. storage capacity may sufficient equalize the flow 
through the canyons the lower river. With 100-ft. drawdown, the average 
head available Lee Ferry for power would about 650 ft., and with the 
flow river equalized this point, power plants the canyon below 
could ‘operated under heads almost equal the full height the respective 
dams. The dam farthest down stream, however, should provide sufficient 
storage capacity regulate the flow conform the demand for irrigation. 
these conditions, seems probable that aggregate effective head 
800 ft. may utilized out the 350 ft. fall between Green River, Utah, 
and Boulder Canyon. 
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than 6 in diameter a 
High Water Level 


TENTATATIVE/DESIGN FOR ROCK-FILL DAM 
COLORADO RIVER LEE FERRY 
ARIZONA 


and Power Tunnels - 3 


\\ 4 
Rook Rock-fill made impervious = ¢ 
to flow over dame during Elevation Temporary = 


ous 
construction. Water under control 


After Construction Sand and Silt 1 
displaced by Rock 


The mean annual flow Lee Ferry has been about 000 000 acre-ft., but 
allowing for the reduction flow for ultimate irrigation development the 
upper basin, this quantity may reduced 10000000 acre-ft. may 
fifty years before ultimate irrigation development the upper basin reached. 
assume that uniform flow about 300 sec-ft. can maintained the 
Lee Ferry site and the canyons below would seem reasonable. 

The depth bed-rock the dam site has not been determined, but the 
writer believes that rock near the surface the river channel. When 
examined this part the river August, 1915, the river was very low 
stage, and down stream about miles from the Lee Ferry dam site, the bed- 
rock appeared extend across the channel the Colorado River the surface. 

the dam site the red sandstone walls the canyon rise 1300 ft. above 
the river, and the width the canyon the water surface 450 ft. The 
course the river this point the form the letter “S”, thus making 
two spillway sites available. constructing tunnels through the bluff, the 
water may carried about 3000 ft. forebay and power house which 
miles river from the dam site. The site easily accessible automobile 
and railroad could built comparatively low cost, connecting with the 
nearest railroad Flagstaff, Ariz., 183 miles the south. After con- 
sidering the conditions the dam site, the facilities for spillways, site for 
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power house and auxiliary structures, storage capacity above the dam, and the 
accessibility the project, the writer believes the Lee Ferry site one 
the most promising the Colorado River below the junction the Green 
and Grand Rivers. 

Should this project developed, water would available for irrigation 
the lower river for least generation come, and the menace from 
floods would removed (except floods from the Gila River). 

The conditions favor the construction 780-ft. dam the rock-fill type. 
(Fig. 3.) Although such high rock-fill dam has never been constructed, the 
writer believes that one can built this site and made practically water- 
tight much less cost than any other type dam. 

Tentative Design for Rock-Fill Dam.—In designing rock-fill dam for the 
Lee Ferry site slope 3:1 was used for the up-stream face, for the down- 
stream face 6:1 was used the 300-ft. level, and 4:1 for the remainder. 
(Fig. 3.) The rock for the dam can blasted from the canyon walls. With 
this plan construction the slopes the finished dam would 
the writer believes that the general slope both faces the finished dam 
should not greater than those mentioned. 

assumed that bed-rock lies 100 ft. below the bed the 
river, that the channel filled with fine sand and silt depth ft., 
and that the next ft. composed sand and boulders. the canyon 
walls were blasted into the river, the heavy mass material would settle 
the level the boulders assumed ft. below the bed the river, and 
some the fine sand and silt would forced up. Under these conditions, 
the finished dam would contain 50000000 cu. yd. material. The center 
50-ft. section the dam would contain about 1000000 cu. yd. 

Prior construction, the outline for the dam could plainly marked 
the canyon walls. (Fig. 4.) plan for mining both walls the canyon 
could worked out from detailed topography the site the dam. 
obtain cu. yd. rock from each wall for the center 50-ft. section 

the dam, would necessary blast the walls back slope slightly 
steeper than 2:1 (Fig. 2), and, here, may necessary rehandle some 
the material. and down stream from the center 50-ft. section the dam, 
the walls the canyon may blasted from lower level, and the required 
quantity material obtained blasting back much steeper slope. The 
space occupied the loose rock the dam will about 15% greater than 
the space occupied the same material its natural compact state. the 
are properly placed both walls the canyon, the first shots will 
blow enough rock into the river form dam 250 ft. high, having gradual 
slope the lower toe, more than mile down stream. 

The discharge the river may expected range from 4000 10000 
during the eight months following the flood period. Perhaps 50% 
the material the dam would consist rock weighing from ton 1000 
tons. the unexpected should happen, and flood 100000 sec-ft. should 
pass over the unfinished dam, some the material might moved down 
stream. The unfinished dam would have slope about and the bed over 
which the flood would pass would rough. Under these conditions, the water, 
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ft. depth, might attain velocity ft. per sec. Since weight 
bodies that can moved current varies the sixth power the 
velocity, such flood would have enormous ability for destruction. The 
lighter materials would carried down stream; and rock that could with- 


stand the force the water would settle. However, floods which occur outside 


the normal flood period, last only few days. believe that after the flood, 
the unfinished dam would retain height 100 ft. more above the average 
low-water level seems more reasonable than that all would carried 
away. Such flood might prove blessing disguise, since that part 
the dam remaining would form solid foundation which build the 
superstructure. 

However, flood water should not permitted flow over the dam, and 
suggested that material blasted into the river until temporary 
spillway has been provided 200 ft. above the bed the river. 
tunnel located (Fig. 2), would about ft. long and could given 
fall 200 ft. spillway tunnel, ft. diameter, with properly de- 
signed entrance, would have approximately the following capacity: 


Elevation water 


above gate-sill, Capacity, 
feet. second-feet. 


With the spillway completed and the flood stage passed, the mines may 
discharged and about 000 000 cu. yd. rock would blown into the river. 
This mass loose rock would not water-tight which feature the most 
uncertain the plan here presented. 

This mass rock, weighing about tons, would displace the fine 
sand and silt and would tend form mud bank immediately stream 
from the dam. Such mud bank would practically water-tight and, until 
overtopped, would cut off the flow the river. This material might make 
the rock-fill water-tight elevation 100 ft. above the bed the 
river, and thus form reservoir having storage capacity from 100000 
700000 acre-ft. the flow the river was 5000 sec-ft., the supply 
water for irrigation might cut off for period from days. 

Water for the irrigation more than 400000 acres land the Lower 
Colorado must available each month the year. cut off the supply 
water for the irrigation these lands, even for 10-day period, might result 
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serious damage crops. understanding should had with the irriga- 
tion interests order that they may take proper steps protect the crops, 
should the supply water cut off. 

Therefore, unless temporary spillway provided elevation 
ft. above low water, will necessary discharge the mines when the 
river flood that the storage reservoir above the dam may quickly 
filled, and permit the water flow either through the upper part the un- 
finished dam through temporary spillway located the 200-ft. level. The 
writer believes that the temporary spillway should located the 200-ft. 
level and that the mines should discharged after the peak the summer 
flood, when the discharge has fallen about This feature the 
project deserves consideration, and thorough study the stream-flow records 
should made determine the proper time for the first discharge the mines. 

Practically all the rock-fill can blasted into place, thus making unneces- 
sary rehandle the material except for finishing small section the top 
the The 000 cu. yd. rock could probably blasted into place 
cost cents less per yard. determine the quantity fine 
material necessary make the rock-fill water-tight would difficult, but the 
writer believes that about cu. yd. fine rock, sand, and silt would 
required. 

The upper face the dam would permanently submerged the 600-ft. 
level, and, therefore, below this level protection against wave action 
necessary. The water the reservoir would fluctuate between the 600 and 700- 
ft. levels. The reservoir would located deep box canyon the circuitous 
course which would prevent excessive wave action. (Fig. 3.) the upper 
face the dam, above the 600-ft. level, rock ft. diameter should probably 
placed. This section will wet and dry periodically and will require care 
its construction, the back-fill kept water-tight. 

Making the Rock-Fill methods have been used 
the past make rock-fill dams water-tight, but most these methods appear 
unsatisfactory when applied such high dam. 

concrete core wall extending bed-rock, often used. this plan 
were adopted the Lee Ferry dam site, would necessary excavate the 
river channel bed-rock. take care the flood water during the period 
when the core wall being built from bed-rock the former water surface, 
would both hazardous and expensive. For such high dam there would 
danger the core wall becoming fractured account uneven forces being 
exerted the rock-fill. 

steel core, having concrete base, would even more objectionable than 
core, for besides requiring facing prolong its life, 
would have all the objectionable features the concrete core. 

The rock-fill might made water-tight lining the up-stream face 
the dam with concrete, but would necessary either carry this concrete 
facing bed-rock provide impervious base for the dam with series 
cut-off walls. Otherwise, the water would pass under the concrete facing 
and undermine the dam. addition these objectionable features, the set- 
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tlement the rock-fill would make almost impossible prevent the con- 
crete facing from becoming fractured. 

The writer believes that with the river the roek-fill can 
made water-tight sluicing fine material into the 

The. discharge the river ranges from 4000 10000 after the 
flood period. This quantity water might find its way the 
this stage construction, every attention should given the work 
making the rock-fill water-tight. would necessary place fine material 
the upper face and perhaps far down stream the center the finished 
dam, This material should graded size from that, which would pass 
through 1-in. 6-in. mesh. the right bank the river, few hundred 
feet stream from the upper toe the dam, there talus which could 
moved the dam low cost. The back-water above the dam might have 
depth from 100 ft. and would extend the river distance 
least miles. 

Assuming that the rock-fill rises 250 ft. above the bed the river, and that 
there 100 ft. water above the dam, the flow water through the dam 
would follows: The water would rush through the open spaces between 
the large rocks, flow through the spaces between the smaller rocks, percolate 
through the sand, and seep through the clay fine silt. The rush water 
spaces between the large rocks would partly stopped the 
coarser material, that is, the rock in. diameter; and the flow through 
the spaces between the smaller rocks would partly stopped the finer 
material, that is, rock that would pass the 4-in. mesh. Large quan- 
tities sand may then deposited the upper face the dam. Due 
the flow water under high pressure, this sand would carried into the dam. 
The deposit fine clay silt the up-stream face and top the dam 
should produce practically water-tight structure. Owing the enormous 
pressure, water would always seep through the dam, but probably not 
quantities sufficient cause erosion. 

When, 1915, the writer made trip boat through 150 miles the 
canyon the Colorado River between Hite, Utah, and Lee Ferry, Ariz., large 
silt deposits the mouth Navajo Creek were observed. This creek joins 
the Colorado from the south, point about miles stream from the 
site the Lee Ferry dam. Large silt deposits also were observed many 
other points the canyon below the mouth San Juan River. de- 
posits could located before they are covered with the back-water, and 
the water reached the respective deposits, the material could loaded 
barges dipper suction dredgers. might prove more economical, how- 
ever, rock crushers the plateau above the dam and transport the 
crushed the dam chutes. thus seen that there plenty 
accessible material for use the final process making the rock-fill water- 
tight. 

When the rock-fill becomes water-tight and the reservoir fills, the water 
may percolate through the 40-ft. layer sand and boulders. (Fig. 3.) This 
water would forced travel distance about ft. The indicated 
hydraulic gradient about 1:8, and the writer believes that the frictional 
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resistance the passage water through the 40-ft. layer sand and boulders 
would sufficient consume the head 700 ft. before the lower toe the 
dam reached, which case, the velocity the percolating water near the 
lower toe the dam would not erode the foundation. Under these conditions, 
the dam designed would safe against blow-outs caused the upward 
hydrostatic pressure the percolating water the base the dam. 

said that the silt-laden waters the Colorado would sufficient 


the dam. This silt, however, would deposited the head the 


back-water and not the dam, which condition favors the completed project. 
With reservoir full, the back-water would extend every side canyon and 
tributary the Colorado, and would probably extend the San Juan River, 
distance miles more. The San Juan, which carries large quan- 
tity silt would have its own stilling basin and, 100 years would 
pass before the silt would reach the canyon the Colorado. each side 
canyon would have its own stilling basin, the water the main canyon 
the Colorado above the dam would remain practically clear. This im- 
portant when considered that the water used for the development 
power. 

Since proposed blast about 000 000 yd. rock into the river 
channel with the first discharge the mines, arch action may result when 
this enormous quantity material falls into the canyon, thus leaving large 
open space within the proposed dam. Although such arch action only 
remote possibility, might advisable discharge the mines both walls 
the canyon the same instant, that much the material may meet 
over the river channel and fall vertically. Perhaps better results can ob- 
tained discharging the mines one wall, after those the other wall, but 
the writer believes impossible determine just how the rock will fall 
when the mines are discharged. 

Care Water During writer believes unnecessary 
have the river under control until the dam raised elevation 250 ft. 
more above the bed the river. the mines were discharged immediately 
after the flood period has passed, least eight months would elapse under 
normal conditions before the river would again flood stage. During these 
eight months, expected that the upper face the dam can raised 100 ft., 
elevation 350 ft. above the bed the river. The storage capacity 
the reservoir between elevation 200 and 350 ft. about 000 000 
acre-ft. 


The writer has described* the flood 1917, during which the peak 
Lee Ferry 147000 sec-ft., one the highest floods record 
originating above that site. analysis the records daily discharge for 
this flood period shows that the water level the Lee Ferry Reservoir would 
have been raised from elevation 215 ft. elevation 332 ft. above 
the bed the river. The accumulated storage above the 200-ft. level would 
have been about 7300000 acre-ft. and the total volume discharged through 
the temporary spillway would have been nearly 000 acre-ft. seen, 
therefore, that order prevent such flood overtopping the unfinished 
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dam, would, necessary raise the dam least 332 ft. above 
the bed the the plan construction herein presented, the 
writer believes that the most dangerous period would that during which the 
dam being raised from the 200 350-ft. level. During this period, may 
take care summer flood such that which occurred 
1917. 

water level the reservoir during construction might controlled 
most economically and efficiently constructing only one temporary spill- 
way, the 200-ft. level, controlled Johnson valve having capacity 
sec-ft. under static head 100 ft. this spillway used 
only during construction, would not necessary provide slide-gates 
that the Johnson valve may unwatered for inspection and repairs. 
summer flood, such that which occurred 1917, must taken care 
when the dam nearing the 300-ft. level, the temporary spillway will 
taxed its maximum capacity 60000 sec-ft. the dam raised above 
the 300-ft. level, the storage capacity the reservoir becomes much greater, 
that spillway capacity less than sec-ft. would required. Under 
this plan, the dam could built its full height without fear its being 
overtopped flood during construction. 

The tunnels leading the power house may located the 600-ft. level. 
3.) this paper deals primarily with the rock-fill dam, 
attempt will made determine the most feasible location for the power 
tunnels. 

The summer floods are caused the melting snows Colorado, Utah, and 
Wyoming. From the records precipitation, the volume the coming 
summer flood can determined with fair accuracy days advance. 
permanent spillway should provided the 600-ft. level that the water 
level the reservoir may drawn down provide sufficient capacity 
take care flood much greater than any heretofore recorded. 

Those the operation the reservoir would more concerned 
with the volume run-off than with the magnitude the flood peak. The 
quantity snow the upper basin would indicate whether the expected run- 
off would high, low, average volume. extended period high 
temperatures, accompanied warm rain “chinook” wind, would cause 
flood great magnitude, but short duration. would. impossible 
predict such conditions days advance, but study the run-off records 
for the past years would afford fairly accurate basis for prediction 
the time the summer flood may expected. 

Power During coal abundant within miles from 
the site, steam plant could built furnish power during construction. 
After the dam has been raised above the 200-ft. level and the water passing 
through the temporary spillway, power may had constructing hydro- 
electric plant the outlet this tunnel. 


1.—At the site the Lee Ferry Dam, the canyon narrow and the red 
sandstone good quality. These conditions favor the construction 
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rock-fill dam. seems probable that practically all the yd. 
rock for the fill can blasted into place. However, will necessary, 
least advisable, resort the hand-and-derrick method placing 
part the rock the portion the dam above the 600-ft. level. The slopes 
the finished dam are not expected conform exactly with those shown 
Fig. but the writer’s opinion that the average slope should not 
steeper. 

2.—Owing the favorable conditions the site the dam, the writer 
believes entirely feasible raise the dam the 250-ft. level with the first 
discharge the mines. The quantity material required form dam 
250 ft. high depends the depth the layer boulders and the depth 
bed-rock. would advisable, therefore, test the river channel for bed- 
rock diamond drill borings. 

3.—It would not necessary by-pass the flood water until the dam has 
been raised elevation 200 ft. above the bed the river, except that 
provision must made meet the demand for water for irrigation. 

4.—Provision should made control the water level the reservoir 
above elevation 200 ft., order facilitate the sluicing fine material 
into the rock-fill make water-tight. 

5.—Flood water should not permitted overtop the dam has 
been built higher than 200 ft. above the river bed. 

6.—A permanent spillway should provided the 600-ft. level. 

raw materials necessary for the construction rock-fill dam are 
conveniently situated. 

8.—In this project, planned large what has often 
been successfully accomplished smaller The writer believes the 
most uncertain feature the project the work making the rock-fill water- 
tight. the seepage through the dam sufficient cause erosion, would 
not very expensive, considering the magnitude the project, blast 
the walls and produce 6:1 slope from the crest the dam the 


toe. 


9.—The writer believes that rock-fill dam properly constructed would 
fully safe concrete dam. the design herein presented for rock- 
fill dam, the unit stresses developed the foundation and abutment walls 
are low and need given minor consideration. This type dam, however, 
may subject failure due blow-out which might caused the 
upward hydrostatic pressure the water percolating under the foundation. 
The writer believes that the rock-fill dam described this paper would 
safe against blow-outs Should erosion doubt the 
trouble could remedied long before there was any real danger the 
dam failing. 

Should either the rock-fill concrete dam overtopped flood, the 
damage might sufficient cause failure. flood passing over the top 
the rock-fill dam would cause least partial failure the dam. The 


seriousness the damage would depend the magnitude and duration 
the flood. 
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Because the capacity the reservoir enormous, comparatively 
simple matter provide adequate spillway capacity, and the chances 
dam being over-topped flood are remote. 

10.—A concrete dam built the Lee Ferry site raise the water 700 ft. 
above the bed the river would have volume about 400 000 cu. yd. and 
would probably cost, including spillway structures, about $50000000. 
difficult estimate the cost dam the rock-fill type, but liberal estimate 
indicates that would little more than half that the concrete dam. 
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SURGE TANKS 


The distinction between surge tanks for acceleration and deceleration 
shown, and likewise the distinction between the requirements for medium high- 
head plants and for high-head plants. Tests the Kerckhoff surge tank are 
presented, and the computed values are shown agree closely with the tests. 
The tests show the rapid dampening the surge that took place. the 
Appendices the mathematical formulas are developed. 


INTRODUCTION 


With the growth the size power plants has come the increasing length 
closed conduits. Where these are used conjunction with turbine 
installations, becomes advisable, and some cases necessary, use surge 
tanks order prevent excessive water-hammer when the turbine rejects 
load. 

this type power plant, also becomes necessary provide water 
storage near the plant, that the load the plant can increased fast 
modern operation requires. surge tank designed for this last condition 
will also relieve surges prevent them from entering the long closed conduit. 


GENERAL 


typical surge-tank installation. Fig. shows the tank located the 
lower end long closed conduit and the top the penstock. The object 
the surge tank relieve surges which travel the when the 
turbine rejecting load and furnish water the turbine when the load 


discussion will published subsequent number Proceedings, 
and, when finally closed, the papers, with discussion full, will published Trans- 
actions, . 

Designing Engr., San Joaquin Light and Power Corporation, Fresno, Calif. 
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increased, since the gradient the long conduit seldom suffices provide 
the maximum acceleration needed for satisfactory regulation and operation 
the plant. 


Forebay W.s 
Hydraulic Gradient 
| 2 
Conduit 
Penstock 
Air Tank 
Relief 
Valve 
Turbine 


Tail Race 


Surge tanks may divided into two general classes, depending the 
main object obtained: 


tanks designed allow the plant take load 
rapidly, and spill load rejection consequence. 


tanks designed primarily prevent spilling, load re- 
jection. 


Forebay 


Hydraulic Gradient. 


Surge Tank 


Conduit 


Penstock 


Relief 
Valve 


Turbine 


‘Tail Race 


Fic. 


Case Acceleration, Shown Fig. 2.—The water storage lies 
just above the lower end the long closed conduit. With certain load 
the plant the drawdown ft., indicated. the load rapidly increased, 
the surge tank must supply the additional water, and the level the water 
the surge tank will quickly lowered the top the storage chamber. 
this design, the maximum accelerating head made available for the long 
conduit practically from the start, and this, therefore, permits the use 
the smallest possible surge tank. If, however, considerable part //, 
likely with medium high-head plants having long conduits, the 
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head the turbines lowered the time most needed, and the 
lowering the head the surge tank operates decrease the total 
available output the plant. overcome this disadvantage, the storage must 
somewhat distributed, discussed subsequently. 


Surge Tank 


Conduit 


Turbine 


a= Race; 


Case Deceleration, Shown Fig. 3.—It evident that with 
Case II, the storage should placed high possible without additional 
cost, order reduce the least possible its volume. The type of, surge 
tank, shown Fig. will only small assistance the plant when the 
load increased. The combination Fig. and Fig. would have the 
advantages both, but the disadvantage, due the lowering the head 
the turbine when the load increased, will still remain. With medium high- 
head plants, where Fig. considerable part will generally 
advisable distribute the storage that the two types surge tanks 
develop the shapes shown Fig. and Fig. 


Surge 
Tank 


With plants where considerable part the surge tank shown 
Fig. will the most advantageous. may circular conduit, built 
slightly above the roof the tunnel and inclined just enough insure proper 
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operation. This conduit may short section tunnel pipe. Fig. 
shows vertical section such surge tank, which tank was designed the 
writer connection with the plant the Homestake Mining Company 
South Dakota, and was built Baum, Am. Soe. E., Wilcox, 
Am. E., acting Construction Engineer. 

The computations for such tank are 
comparatively simple, since may as- 
sumed that the water surface instantly 
lowered and, therefore, the head, op- 
erating the water the tunnel long 
conduit may assumed constant 
without introducing any great error. 
This assumption simplifies the computa- Penstock 
tions, indicated Appendix II. 


‘30 in. diameter 


8 ft. in diameter by 70 ft. long 
Surge Tank 


Surce Tank Mepium 


Fig. represents the design proposed the writer for plants where 
considerable part This shape tank has the advantage that its area 
increases the hydraulic gradient lowered, that is, the maximum 
accelerating head decreases, and surge tank this general shape, therefore, 
has its storage where most needed. 


Lake 


Water Level for 1500 


SURGE TANK 


Where the surge tank excavated solid rock, the Kerckhoff Power 
Plant, the cost excavating practically independent the shape the 
tank, and one similar that shown Fig. will give the least excavation 
and, therefore, the lowest cost. the tank has built reinforced con- 
crete, the shape shown Fig. may cost more than that shown Fig. for 
equal volumes, and the problem complicated the additional fact that the 
shape the tank influences its cost. 

The Kerckhoff surge tank, shown Fig. ft. diameter the 
top and 39.5 ft. diameter the bottom. These dimensions were decided 
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after few trial computations with various assumed load changes, and 
after deciding, consultation with the Operating Department, the extreme 
load change that the plant must meet. The writer knows general method 
determining the most economical shape tank. This will vary, with the 
assumed load change. The tank giving the smallest cost for the extreme load 
change able take care of, will generally the one select. The smaller 
diameter should selected give satisfactory spilling conditions when 
load rejected the plant. 


KERCKHOFF SurGE Tank 


The Kerckhoff surge tank and the hydraulic data for the conduits are 
shown Fig. The tunnel, which about ft., with slightly arched 
roof, has average area ft. The power plant has three turbines, each 
15000 maximum rating 315 ft. effective head, connected 200- 
kv-a. generators. The three penstocks, which are ft. diameter the top, 
tapering ft. the bottom, average length about 930 ft. This plant, built 
the San Joaquin Light and Power Corporation, was put the line 
August, 1920. Starr, Am. E., Construction Engineer, and 
the writer Designing Engineer for the Company. Wolcott, Assoc. 
Am. E., made most the computations for the surge tank. 

determine how closely the computations check with tests, several load-on 
and load-off tests were made October 16th, 1921, under the general super- 
vision Quinn, General Superintendent Operation. 

was intended obtain the surge tank readings means Bristol 
gauge which was connected bulb placed the bottom the surge tank, 
but, during the first test, the bulb broke and could not replaced time 
for the test. was necessary, therefore, measure the water surface the 
surge tank float tied the end steel tape. one the units was 
connected the system the Pacific Gas and Electric Company, the load 
could not varied. The other two units were used the test, the load 
being transferred needed between the Kerckhoff plant and the steam plants 
Bakersfield and Midway, Cal. 

Two tests with load and two tests with load off were made. During 
the second load-on test, the tape broke that the data are not complete. Table 
gives one test for load on, and Table one test for load off. The watt- 
meters the power house were read the power-house crew, under the super- 
vision Mr. Goldsworthy, Superintendent the Plant, and the surge tank 
readings were made Moore, Executive Engineer. The load was 
transferred from the Kerckhoff power house fast possible without 
too great variations the frequency the system. 

The readings the elevation the float the surge tank were 
taken intervals sec. and are shown Fig. which also 
plotted the load the plant. The first small surge probably due the 
rapid increase load the beginning, followed less rapid increase. 
noted the load Generator No. was read only the begin- 
ning and the end the test. plotting the load, was assumed that 
this decreased roughly the same proportion the load the other 
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units increased. order not unduly complicate the check computations, 


which are plotted Fig. the load was assumed increase uniformly from 


TABLE 1.—Loap-On Test. 


Time, seconds. 


No. No. No. 

120 600 250 000 


TABLE 2.—Loap-Orr 


Loap GENERATORS, KILOWATTS. 
Time, seconds. 


No. No. No. 

15 500 0 oy “ 

20 0 0 

8500 


The quantity water was estimated follows: With Generator No. 
carrying kw. and Generators Nos. and carrying load, but operating 
synchronous speed, the elevation the water the surge tank was 981.5 
ft. and the tail-race, 636.0 ft., thus giving effective head 345.5 ft. 
Fig. shows that the water required-at load about 16% that required 
full load, but 17% was assumed, allow for water taken the exciter, 
the load which varied from 109 kw., and cooling water for the step- 
bearings and the transformers. The maximum load one unit approxi- 
mately 700 p., that the load required for one unit about 180 p., 
162 cu. ft. per sec., for the two machines. The water required Unit 
No. carrying kw. with turbine efficiency 96% and with friction 
head 5.0 ft. the penstocks, was 374 cu. ft. per sec., that the total 
water the start was 536 cu. ft. per sec. Likewise, the water required the 
close the test, with 27850 kw. the plant and with the water the 
surge tank Elevation 970.2, was determined 1182 cu. ft. per sec. This 
quantity was incorrectly estimated 145 cu. ft. per sec., and Fig. was com- 
puted before the error was discovered, but this error only about 3%, 
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was thought not worth while re-compute this test, since the surge tank was 
excavated from solid rock, and its dimensions most likely vary more than 


per cent. 
88 74 seconds— 
ot. Elev. 981.3 


Tank feet 


Elevation Water Surge 


Load 


Time Minutes 


The loss the tunnel was the difference the elevations the 
water the surge tank and Kerckhoff Lake which, throughout the test, 
was 984.2. For 536 cu. ft. per sec., the elevation the water the surge tank 
was 981.5, and for 1145 eu. ft. per sec. (should have been 1182 cu. ft. per 
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sec.), was 970.2, thus indicating fric- 
tion loss the tunnel 2.7 ft. and ft., 
respectively. This corresponds roughly 
Kutter’s 0.032. comparison Figs. 
and shows that the actual surge was 
slightly less than the computed surge, prob- 
ably due the fact that the load as- 
sumed did not coincide with the actual load 
and, also, because the surge tank may 
slightly larger than that called for the 
design. 

the start, the load was 26000 kw. 

Fig. shows the computations. The time, 
taken stop-watch, from the start 
the test until the water reached its highest 
elevation 1008.5, 3.5 ft. above the spill- Load, Per cent 
way lip the surge tank, was sec., which 10. 
agrees within sec. with the computations. 
The elevation the first downward surge was not taken account the 
rapid motion the water surface, but Mr. Moore, who took these measure- 
ments, stated the time the test that thought the water was about 
Elevation 968, whereas the computations give 963. measurement the second 
downward surge was taken, but the time was not noted. The time from the 
second upward surge the second downward surge was taken stop-watch 
sec., whereas the computations show sec. The somewhat larger 
computed surges were due the operation the relief valves the turbines. 
These valves have discharge capacity 50% the full load discharge the 
turbines, that when fully open, each relief valve would discharge about 
275 cu. ft. per sec. means measuring this discharge was available. 


Per cent Efficiency 


Per cent of Ful! Load 


APPENDIX 


The general differential equations are given Appendix III. The two 
resulting simultaneous differential equations cannot integrated, and their 
use requires computations made for time intervals from sec. 
sec. apart, depending the curvature.* 

believed that the following method, which allows time intervals 
sec. and more used, offers much simpler and sufficiently close 
approximation. 

assumed that for sufficiently small time intervals, the quantities 
involved are linear functions The velocity head the long conduit has 
been neglected, most cases small and the accuracy the whole 
investigation depends the friction loss the tunnel which, general, 
cannot closely estimated beforehand. If, order the safe side, 
the friction loss the tunnel taken large enough, the velocity head may 
assumed included the friction head. 
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The flow the penstock may vary any manner desired, that, 
desirable, the action the governor may included the computations. 
general, such refinement unnecessary since the assumed maximum load 
changes are determined approximately and are largely matter personal 
judgment. Also, most the other quantities that influence the performance 
the surge tank are not known accurately the time the surge tank designed. 
rule, will sufficiently accurate assume the flow the penstock 
increasing uniformly from starting value the final value, but any assump- 
tion load variation may made. 


1070 cu. ft. per sec. k.w. 


1000 


Actual, observed 


Elevation Water Surge Tank Feet 


Time Minutes 
Fic. 11. 


surge-tank design the assumption often made that the load change 
takes place instantaneously during very short interval. This not gen- 
erally correct, and the following formulas were developed for any load change. 
the ease Kerckhoff surge tank, was the opinion the Operating 
Department that, case trouble, certain part the system load lost 
and most this back gradually within the next few minutes. The 
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surge tank was designed, therefore, for uniform load change from load 
(no feet per second) full load min. was also computed for 
smaller instantaneous changes load, such as, the opinion the members 
the Operating Department, would might occur. 


cubic feet flowing through penstock, sec., always 


cubic feet flowing through tunnel, sec., positive when flow- 
ing toward power plant. 


cubic feet flowing from surge tank, sec. 
feet per second flowing penstock beginning time, 
cubic feet per second flowing tunnel beginning time, sec. 
cubic feet per second flowing from surge tank beginning 


Statical Water Level 


le Gradient at end of 


Reservoir 


12. 


Therefore, positive, when water flows out the surge tank and 
vice versa. 
during sec. 
area tunnel, square feet. 


area surge tank, square feet, ft. from the top. 


positive when the water the tunnel being accelerated while flow- 
ing toward the power plant. 
when measured downward from zero position. 
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Pre, Water) Level at beginning 
7, of period At 
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Water Leveljat end 
of period 4 ¢ 
| 


SURGE TANKS 863 


Therefore, 


loss head tunnel due friction and velocity heads, 
4h; increment during time element, 
average acceleration water tunnel during time interval, 
4t. 
32.2 ft. per second per second. 
length tunnel from forebay surge tank, feet. 
In. the time 
Friction Head.— 
corresponds 
Average value, 
Accelerating 
The average accelerating head, therefore, assuming that h;, and are 
linear functions for small values 
Acceleration.— 


Flow Through Funnel, Time inerease flow through the 
cu. ft. per sec., or, 
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| 
| 


864 SURGE TANKS 


General Equation (1): 
Assuming that the time interval, chosen small that the changes 
and q,, may considered linear, that, 


Then, 
Substituting from Equation (8) for and from Equation (7) for Q,: 


ft. 


Since, from Equation (4): 


Arranging: 


and from Equation (8): 


Equation (10), the only unknown the average area 
the surge tank the water level during the period, the arithmetical 
mean between the area the water surface the surge tank the beginning 
and the end the period, and the increment friction head dur- 
ing the time, this case, considered vary with constant, 
the work somewhat simplified. Since known for the beginning 
each period, the average value may closely approximated; likewise, 
since known the beginning each period, known, and, therefore, 
can closely approximated. Therefore, assuming values for and for 
Equation (10) gives 4h, and Equation (8) gives and and 
determine which should check with the value assumed for Since 
4y, can determined, and this should check with the value assumed 
for 

The manipulation Equations (10) and (8) can shown 
example. Referring the load-on test previously mentioned, Fig. has been 


cu. ft. per sec. 


° 

. 

q 
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plotted order have the values and convenient form. The 
surge-tank area plotted against the elevations and the tunnel friction 
loss against the cubic feet per second flowing the tunnel. For Elevation 
980, 225 sq. ft., and for Elevation 930, 1225 sq. ft. Also, for 


a 


Elevation Water Surge Tank 


Cu. ft. per sec. 
Area Surge Tank sq. ft. 


13. 


586 cu. ft. per sec., the friction loss the tunnel, 2.7 ft., and for 

1145 cu. ft. per ft. sq. ft., and length tunnel, 

ft. The exact length the tunnel 943 ft., but ft. was 

taken allow for entrance losses, ete. The increase from 536 1145 

cu. ft. per sec. sec., cu. ft. per sec. per each interval sec. 
Introducing these constants, Equation (10) may written: 

(8) becomes: 


ft, 


ft. per sec. 


Assume: 
then, 


check with sec, was made; this gave the same result the computa- 
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Therefore, 2.7 2.08 4.8 ft.; elevation water surface surge 
(see Fig. 


542 eu. ft. per see. 


Assume: 
then, 
260 
6.06 (2.1 2.2) 25.4 cu. ft. per sec. 
Therefore, the assumed value checks (see Fig. 13). 
Also, 


0.2 4.34 ft. 


The elevation the water the surge tank 974.86 ft.; therefore, 
checks. 

will found convenient make table and enter the variables for 
each step. This also facilitates the plotting which should done soon 
each step completed order act check the Care 
évident, from Fig. that when the flow the tunnel equals the the 
penstock, the surge curve minimum. 

The operations are identical when load decreased, except for change 
signs. The load-off condition is, general, much less importance than 
the load-on condition. 

order show the difference surge tank, with 
larger area toward the bottom, and one equal volume, but with its larger 
area toward the top, computations were made inverting the Kerckhoff 
surge tank, shown Fig. 14, and using the same load changes shown 
Fig. which the water surface fell Elevation 954.1, where 640 
sq. ft. This was assumed the area Elevation 981.5 Fig. 14, and, 
therefore, the two surge tanks contain the same volume between Elevations 
981.5 and 954.1. will seen that the drawdown Fig. amounts 
41.1 ft., whereas, Fig. amounts only 27.4 ft. This shows the ad- 
vantage having the larger area the tank toward the bottom. 


APPENDIX 


The computations for surge tank, shown Fig. are considerably 
simplified, because may assumed constant and, therefore, zero. 
Then, from Equation (4): 
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and, 
and Equation (8) becomes: 


For the beginning the period, and are known and found 
from Equation (4); the distance down from the forebay level the center 
gravity the enlarged part the surge tank Fig. Assuming the 


Maximum Draw-down 41.1 Ftz 


n 
> 


ft. per sec, 


Time 


Flow ft. per 


value for Equation (12) gives and the assumed value for 4h; can 
then checked. can generally closely approximated after the first 
second step. 

The volume required the surge tank then found shown Fig. 
plotting the tunnel flow and the 
flow with respect time. The area between 
surge tank must supply. noted that 
whenever determined from Equation (12) 
exceeds the rate increase the tunnel 

flow follows the rate increase the pen- 
stock flow and Equation (12) cannot used 
until the instant begins fall below 


Time in Seconds 


15. 


640 
1 Fi v. 970.2 
inal, Klev. 970.2 
q 
Time Minutes 
1000 
600 
400 
1 
4 


868 SURGE TANKS [Papers. 


Equation (12) approaches and the flow the tunnel denoted 
instead q;, then from Equation (12): 


This can integrated, 


Then, from Equation (12), 


and, 


the flow the penstock after the completed load change, the time re- 
quired for the flow the tunnel reach this value. 

The surge tank volume the difference: 


known from Equation (16); from Equation (15): 


where the flow the penstock after the completed load change. 

Equations (16) and (17) are not much more convenient than Equations 
(4) and (12), and, moreover, they are also subject the condition that the 
rate increase the tunnel flow, dq, must less than the increase 
the penstock flow. The time, must counted from the moment this 
occurs. this not observed, tank much too small may result. 

the case the Kerckhoff surge tank test, shown Fig. was 


Fig. had been used, 984.2 934.2 ft., approximately, and since 
2.7 ft., 


The flow the tunnel, therefore, would increase fast the flow the 
penstock, and the drawdown would less than until the penstock flow begins 
increase faster than the tunnel flow can follow. 

This point determined by: 


known, determined, and this determines the value beyond 
which deficiency between penstock flow and tunnel flow occurs. 


APPENDIX III 


The general differential equations may obtained from Equations (4), 
(10), and (8), allowing approach dt. Then, from Equation (4): 


and, therefore, from Equation (10): 

and, from Equation (8): 


These are the general differential equations; they cannot integrated, 
except assuming A,, and constants, which they are not. 
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Discussion* 


column formula, the Committee seems still have open mind, or, more 
accurately, have several minds more less firmly made along different 
lines. Three formulas are suggested being general use. None these 
pretends accurate theoretical formula, although that Rankine 
comes closer that status than either the others. 

The chief for either the straight line the parabolic 
formula that agrees sufficiently well with tests and readily applied. 
Because their irrational form, neither correct formula use for the 
the shearing stresses column. 

theoretically correct formula which agrees equally well with tests,, has 


limitations and may used for calculating shear without too 
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greatly violating one’s sense mathematical fitness, would undoubtedly 
most desirable, provided also could readily applied. 

For long columns, the Euler formula which based assumed initial 
deflection, and initial eccentricity, seems still the best choice. For 
columns with ordinary length ratios, however, Euler’s formula leads un- 
safe values, and, therefore, the bending must considered due initial 
eccentricity, some cause equivalent thereto. For example, modulus 
elasticity varying from one side the column the other may shown 
equivalent initial eccentricity.* 

Fig. 16, curves are shown for the following column formulas: 


The Rankine formula: 


500 


The parabolic formula: 
The straight line formula: 

The straight line formula: 


One-half the Euler formula for ultimate strength round-ended columns: 


r 


One-half the eccentricity formula for ultimate strength round-ended 
columns: 


000 


which has variable values, taken produce curve 
identical with Formula (VI), except that has maximum value 000 


(below 30). 


Formula (VI), all columns are assumed consist two 15-in. channels, 
latticed, and the eccentricity, assumed 0.8 in. for all cases, 


000 
formula Rankine type: 
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per Square Inch 


Allowable Unit Stress Pounds 


VI,VIL 


FOR 
VARIOUS COLUMN FORMULAS 
IV-S= (max. 14000) 
ar 
z= 4000 at . = 380 
constant at z=15000 to 
constant at 2 = 10000 above: = 240 
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suggested straight line formula: 


For Formulas (V) and (VI) the elastic limit assumed 000. Formula 
(VI) not only corresponds, theoretically, constant initial eccentricity 
0.8 in. (which about the depth the column), but can also 
shown that this same percentage eccentricity consistent with modulus 
elasticity nearly 10%, one side the column, and 10%, 
the other side, that also harmony with not unreasonable as- 
sumption variation The curve Formula (VI) agrees well 
with test results Formulas (IV), and has the addi- 


tional merit being continuous for all values blending into Euler’s 


curve for the higher values. The only valid objection its adoption the 
inconvenience applying it. Formula (VII), therefore, has been devised 
give practically the same curve Formula (VI), but have the advantage 
the Rankine formula ease application, except that the coefficient, 
instead being constant, varies according simple law. 

formula the Rankine type, may met the argument that the 
Euler formula, itself, may readily transformed into Rankine formula, 


Why, then, should not variable value considered reasonable for lower 
length ratios, where Euler’s formula not applicable? 

consideration will show that the column shear due assuming 
the bending caused initial less than that due 
safe side, the latter assumption should probably made calculating shear- 
ing stresses, although some sacrifice consistency. With column formula 
the Rankine type, this assumption will lead shear having the value, 

aPL 


the length, the distance from the neutral axis the extreme fiber, and 
the coefficient the Rankine formula. Hence, Formula (VII) may 
consistently used for column shears. 

Although the Committee probably will not consider advisable adopt 
radical formula Formula (VII), with its variable coefficient, cannot 
denied that some formula would desirable, that had rational form and 


(if the curve assumed sinusoid), being the total load, 


that would applicable higher values than the limiting ones pre- 


scribed the specifications. Although adherence these values 
would control ordinary bridge design along safe and proper lines, yet there 
doubt that any formula the Society will applied 
occasion higher values than those prescribed, as, for example, 
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the strength existing structures, the design special structures, such 
transmission towers; and the formula recommended should not 
results either dangerous unduly the safe side. Formula (II) would 
produce the latter result, and Formula (III), the former, pushed ex- 
tremes. Formula (I) would fairly conservative, but’ its curve lies con- 
siderably above that Euler for higher length ratios, and this makes its 
use such cases questionable. Undoubtedly, Formula (VI), its simpler 
equivalent, Formula (VII), would preferable, were not considered too 
difficult application. 

straight line formula was adopted finally, would seem that should 
lie somewhere between Formulas (IIT) and (IV), as, for example, line pass- 


ing through 500 50, and drawn tangent Euler’s curve, 


Formula (VIIT) suggested approximating these conditions. Its results 
would not differ materially from those Formulas (I), (III), for 


ordinary length ratios, and could safely used 200, since 


does not depart materially from Euler that point. 

conclusion, the writer wishes emphasize once more the suggestion 
that the formula ultimately adopted the Committee should one which 
can properly used engineers, with minimum reservations its 
applicability, because may safely predicted that will extensively 
used its own merits, entirely apart from the general body the specifica- 
tions, view its authoritative source, and, therefore, should not 
any degree misleading. 


the proper design compression members was forcibly illustrated Quebec. 
view the approach the make-up there used many bridge structures, 
the detail make-up compression members rather than minor differences 
theoretical formulas, should given first consideration. 

Burton Leffler, Am. Soc. E., member the Committee, states 
that was impossible for the members to,agree one His prefer- 
ence for the parabolic formula, because the curve fits series tests the 
point tangency Euler’s curve, Let the basis the derivation the 
Rankine formula and the Euler formula considered. 

Euler treated solid prism. treats pillars and struts from 
the viewpoint their resistance crushing bending, presenting the Tred- 
gold-Gordon formula buttressed Hodgkinson’s experiments rectangular 
sections solid wrought iron with cast-iron solid sections and hollow cylinders, 

How does Euler’s formula apply the cellular general make-up the 
bridge member? Under compression, the material tends deform the 
simplest manner relieve itself the applied crushing compressive force. 
the section solid, such solid cylinder, relief afforded shorten- 
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ing through twisting. Hence, failure the solid prism under crushing forces 
takes place bulging short, and combined flexure and compression 
long. the hollow cylinder the same rule holds true, but the 
rectangular section, shortening the length can occur twisting well 
bending. Torsional distortion caused compression must considered, 
addition the tendency bend and thereby shorten the distance between 
the ends points application the compressive force built rectangular 
laced channel sections. 

Torsional rigidity constitutes one criterion the ultimate strength the 
structural column. Without theoretical training, the workmen the shop 
Pa., the investigation the Quebec failure disclosed, recog- 
nized this relation clearly that they questioned the strength the huge 
compression members built for the Quebec Bridge. How well founded was 
their suspicion lack strength, subsequent events 

The elements make-up which affect torsional rigidity, are the stiffness 
the lacing-bars for preventing buckling twisting out line the 
flanges the riveted channels. The relative breadth and stiffness the 
flanges keeping the web line prevents its buckling or, laminated, the 
separation and individual buckling its parts. 

Tests small size compression members, consisting solid rolled chan- 
nels, may bear little relation large riveted compression members the 


heavy bridge through lack concentration 40% the metal the flanges 


and lack relative breadth the flanges approximately 25% the total 
depth the web. When these proportions are adhered and, addition, 
the stiffness bending the lacing-bars made proportional the greater 
area cross-section the riveted channels connected thereby, one may con- 
sider that the same formula will apply each section approximately, although 
just what allowance should made for the plates merely riveted together 
contradistinction solid rolled section, means simple determina- 
tion. secure comparable stiffness the largest measure, angle-iron rather 
than flat bar-lacing should used, and diaphragms reasonable intervals may 
advantageously utilized. increase strength compression members, 
over those ordinarily designed, from 30% may thus secured, 
matter greater magnitude than the moderate differences between the straight 
line and the parabolic formulas proposed the Committee. 

Although the writer has succeeded the stress line analysis flat plates 
buckled under load requiring only the additional data the length the 
load line, order determine immediately the contours and relative deflec- 
tions, has failed progress further consideration the columns than 
demonstrate that flexure and crushing only need considered the pris- 
matic solid section, whereas torsion, bending, and crushing should con- 
sidered any rational formula for rectangular sections for those differing 
materially from the symmetrical cylinder. This one the reasons which 
convinced the writer that the reinforced column with proper percentage 
hooping and vertical steel more dependable compression member than 
the steel bridge member commonly built to-day. 


4 
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Several years ago, the writer examined the scrap pile, representing the 
test destruction specimens various sections compression the 
Bureau Standards, and the twisting the Z-bar sections and some the 
channel and plate sections was marked that doubts any one taking 
the time examine them carefully would fail impressed with the 
importance torsional resistance determining the strength built-up 
columns bridge design. 


tests general, not regarded matter special importance invite 
attention the total elongation specified, nor the permissible speed test- 
ing. however, these clauses taken for more than they are worth, 
few remarks them may made. 

Article 902 calls for elongation 25% steel, 8-in. 
length. will borne mind that general elongation and that incident 
contraction area are commonly considered together, giving exaggerated 
value the reported elongation. true statement the elongation 
the material necessary, local contraction should not allowed 
the result. 2-in. specimen has little value showing the elongation the 
steel, unless its length observed the time reaching the maximum tension 
and before sets in. tests are commonly conducted, there 
little opportunity for doing this. 

regard the rate speed testing, taking in. per min., ac- 
cording Article 907, the rate becomes 0.033 in. per sec. 8-in. specimen, 
elastic limit displays strain 0.008 in. Disregarding the 
strains the testing machine, the above rate the elastic limit will reached 
sec. Putting this limit the maximum speed testing is, course, 
unnecessary. 

Referring the subject column formulas, appears the writer funda- 
mentally desirable restrict the length columns when feasible so. 
such being called act collision strut. 

The manner failure the last stages long and short columns differs. 
period reached the failure long column when sudden lateral de- 
flection, springing occurs, attended with great loss resistance. If, perhaps, 
long column was forced out line certain amount, collapse the structure 
would certainly follow. sudden drop sustaining power not characteristic 
short column. 

Concerning column formulas, the writer has been forced take position 
variance with prevailing views, raising the question whether, practice, 
they are what they purport be. 

early series tests columns was made the writer, the 
results which have been reported the Society Messrs. Clarke, Reeves, 
and Certain queries arose during the making these tests, which 
Physicist, Interstate Commerce Commission, Washington, 
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led another series soon thereafter plain square bars. The latter measured 
in. side, were tested chiefly with pin-ends, and were different ratios 
.slenderness, 

At. the time these tests, few modified column formulas had been pre- 
sented, those Euler, Rankine, Gordon being use. feature was 
brought out the tests the square bars, not peculiar these small members, 
but common structural shapes, which seemed militate against any formula 
except purely empirical one, namely, the presence state internal strain 
which arose from two causes, the cooling strains fabrication, and those 
set straightening. Although the investigation these internal 
strains was undertaken until some years later, when numerical values 
could assigned them, nevertheless the importance they played was then 
quite evident. 

appeared subsequently that internal strains from these two causes dif- 
fered somewhat. Strains from cold straightening were more likely influence 
the results compression tests than cooling strains, considering each sep- 
arately, and applied long columns. The reason for this was that internal 
cooling strains might and probably would leave substantial margin between 
the value the elastic limit the metal and their own magnitude. This 
margin would represent the external stress that the member could endure with- 
out taking permanent set, that state residual perfect elasticity some 
degree, would remain the member. 

Cold straightening overstraining the metal, which there im- 
pairment the elastic limits tension and compression, addition which 
internal strains are set the resilient action the metal when the 
straightening force removed. These internal strains are left state 
equilibrium, but delicately poised, which their relations each other are 
easily disturbed. 

Having these features mind, appeared that the elastic limit column 
would vary different parts its cross-section, and, early permanent sets 
would develop locally, that the strength long column particular would 
affected the state internal strain its component parts. Here was 
factor, seemed, that might have influence the strength the column 
such degree that the application and use formula would nullified. 

Internal strains have influence the modulus elasticity the 
metal, except that overstraining. known lower temporarily its value, but 
from which there early recovery. The presence internal strains leads 
the display early sets, perhaps premature local buckling, and yielding 
has its effect the ultimate strength compression members. Failure this 
manner not taken into account column formula. 

These remarks explain the writer’s point view. should found 
that internal strains ordinarily reach fairly high values, would tend 
justify holding such position. 

strains rolled, hammered, and cast members, have been the 
subject investigation the writer for long term years. was not 
until recently, however, that steps were taken acquire information the 
cooling strains certain structural shapes. 
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Stresses corresponding the measured internal strains were follows: 
the edge one leg 6-in. angle, the compression was 600 Ib. per 
sq. in., and one flange 8-in. 200 another flange 
the same beam, the tension 300 lb., making range 500 lb. per sq. in. 
12-in. plate showed 700 lb. compression one edge, and 500 lb. compres- 
sion the other edge. 12-in. channel showed maximum compression 
200 lb. duplicate channel, another part its section, showed tension 
11100 lb. The range, therefore, was 300 per sq. in. 

Internal strains equivalent working stresses, according 
practice, can hardly regarded with indifference their relation column 
formula, and, not being taken into account, may assist explaining the 
recurrence the discussion the subject. 


for steel railway bridges shows great deal work the part the Com- 
mittee, the result which credit the Society. However, view the 
fact that the specifications are apparently based the latest specifications 
the American Railway Engineering Association, would well see whether 
that Association will incorporate its own specifications, the improvements 
developed, before the adoption any specification considered the Society. 

Further, the Society should consider the development specification 
using unit tensile figure about 000 per sq. in., and live load that 
would represent the greatest live load which, the opinion the designer, 
would ever pass over the structure, this live load expressed Cooper’s 
loading. specification this type will result saving material, due 
the use higher unit stress for dead load, and, where future load 
greater than E-60 anticipated, would allow the use lighter structure. 


steel railway bridges the American Railway Engineering Association has 
generally adopted, questionable whether one which practically 
similar, should issued the Society. 

The specifications the American Railway Engineering Assoeiation are 
for fixed spans less than 300 ft. length, whereas those presented the 
Committee not limit the length. Mr. states that the formula 
the American Railway Engineering Association “particularly objectionable 
overlooking the length limit its specification. 

Article Committee specifies that drawings shall made the 
dull side tracing cloth. The American Railway Engineering Association has 
made the same stipulation for the reason that the tracings become the property 
the purchaser (or company). the tracings not become the property 
the purchaser, the should allowed make them suit himself. 

Article width, center center, trusses, stipulated the Com- 
mittee, should not less than one-twentieth the span; the American 

Bridge Engr., Chesapeake Ohio Ry., Richmond, Va. 
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Railway Engineering Association has stipulated one-fifteenth the span. 
Fig. shows clearance ft., this would not apply through spans less 
than about 400 ft.—while deck girders (Article 601) should not less than 
about ft. (according Article 12) “but not less than ft. in. between 
centers”—apparently, the one-twentieth might omitted. The American 
Railway Engineering Association limits the length the panel times 
the width. 

Article there much snow, the guard-rail bolt should 
countersunk flush with the top the guard-rail; snow plow may strike it. 

Article 16—Why not take the actual load per foot? The alternate load 
Ib. each the axles 10-ft. span equals lb. per ft. 
maximum. 

Article American Railway Engineering Association allows the 
distance between centers gravity plate girders, provided does not 
exceed the distance back back flange angles. 

Article 104.—The writer thinks would better make the diagram 
and make the lower limit E-45. For many branch lines, engines about 
loading are ample for the loads they have haul, and E-60 means hauling 
much more dead load. The limit E-45 would take care such cars 
the 50-ft. gondolas tons capacity, the Pennsylvania Company. 

Article 201.—The writer suggests that the 25% should applied field 
rivets also. The average ultimate extreme fiber stress bending is: Douglas 
fir, 100 Ib. per sq. in.; long-leaf pine, 500 and white oak, but 
this specification gives the same value each; besides, white oak warps much 
seasoning make unsuitable for bridge ties, least, the South. 

Article the coefficient expansion for steel 0.0000065 per degree 
Fahrenheit, would seem that the coefficient ‘of the American Railway Engi- 
neering Association in. per 100 ft. ample. 

Article 389.—The writer would add that “segmental rollers may used”. 

Article writer would add “but far enough apart allow 
cleaning and painting”. 

Article writer does not understand the phrases “or with web”. 
and, “lacing the open sides”. the truss made two side segments and 
one cover-plate, there only one open side. Does mean that center web 
may added? 

Article writer would add “and live load without impact”. 

Article 1105.—Long girders should loaded according rules. 
connection with impact, Mr. Seaman mentions that some English experi- 
ments gave 125% length ft. in. The alternate loading 
each two axles, ft. apart, gives over the regular loading, 25% 
5-ft. length, reducing 11% 10-ft. length; this, with the impact 
the American Railway Engineering Association, would give impact 
125% ft. 

This alternate loading does not length more than ft. Mr. 
Seaman seems have overlooked the fact that the American Railway 
neering Association specification limited spans less than 300 ft. 
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Prof. states clearly the reasons the American Railway Engi- 
neering Association for adopting the Cooper loading; but some his diagrams 
give equal weight driving axles. 


that the final result the work this Committee will the forming 
joint committee and the production specification for steel bridges 
that may find more general adoption than any heretofore produced. 

This tentative specification, was expected, follows very closely the 
specifications adopted 1920 the American Railway Engineering Asso- 
ciation, large percentage the subject-matter being copied. Where changes 
have been made, the writer believes that, most cases, they are improve- 
ment, and that, general, the arrangement and the wording are better. 

The following suggestions the detail specifications are offered: 

Article 10.—Rolled beams can used advantage spans ft. 

Article 11.—In order that the main-track alignment may kept straight, 
often desirable build four-track bridges with four trusses. 

Article “ballast 120 lb. per cu. heavy rails (135 
and guard-rails, rails and fastenings will weigh more nearly 200 per lin. 
ft. track. 

Article writer prefers the stating these percentages given 
the specifications the American Railway Engineering Association. 

Article writer believes that economy design requires the use 
heavy live load (say, Cooper’s E-90) and increased unit stresses. 
this article, 50% increase live load would increase the unit stresses 
stringers, hangers, and some web truss members about 50% above the specified 
values, while the chord members heavy bridges would overstressed, 
say, only per cent. 

Article 109. —Change “10% the specified live load” “700 per 
The latter more simple and will give, nearly 
required, the same result. 

Article 112.—This article incomplete that fails specify the 
velocity for the different degrees curvature. Paragraph of-the American 
Railway Engineering Association specifications preferable. 

Article 201.—The shearing unit stress plate-girder and webs, 
stated, new, the usual specified values being 10000 gross 
section or, some specifications, 000 Ib. net writer prefers 
the use the net section, because leads details that not cut the 
web much when restriction placed. 

Article 206—The writer assumes that the intent this article that 
verticals and the floor-beams treated continuous frame hinged the 
unloaded chord. The lacing such members should designed carry the 
shear resulting from the bending moment, addition the direct 
stress. might advisable for some member the Committee explain 
the proposed method calculation. 
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Article formula contained this article does not seem 
harmonize with the reduction column unit stresses. 

Article writer would suggest amending this article read 
members carrying live load stresses”. 

Article 318.—The iength the stay-plate for tension members should 
specified. 

Article writer believes that provision for expansion in. 
for every 100 ft. length sufficient. familiar with number 
bridges where the expansion bearings have been marked determine the 
expansion, and believes the figure given more than sufficient. 

Article 602.—This paragraph somewhat indefinite. The writer assumes 
that intended that one-eighth the gross section the web may 
considered the net flange section. 

Article 603.—It may called “practicable” use 1-in. angles, 
with covers, for girder flange. The old specification that “preferably 
the angles compose 50% the flange section and case shall the flange 
cover-plates compose more than 60%”, more definite. 

Article not required that cover-plate entirely developed 
its theoretical end. This specification tends space rivets close together 
the end the plate reduce the net section. 

Article 608.—Flange splices are necessary very long girders, and the 
writer believes that this specification should extended those the 
American Railway Engineering Association. 

Article writer believes more camber provided. The 
dead load deflection short trusses nearly negligible. 

Article 801.—Single bents usually occur the curb line street crossings. 
The longitudinal force resisted the friction the end spans, but the 
bents (and anchorages) must take the temperature stresses which are often 
greater than those from longitudinal force. 

Article 902.—There have been recently published ‘rules for the rating 
old structures, which allow unit stress 26000 lb., with secondary stresses 
not considered. would seem that the margin between this and 
yield point very small. Some railroads are now specifying 
yield point and practically the same elongation and bending tests. 

Article writer does not believe that full punched work, for 
main sections, has any place present-day specification for railroad bridges, 
especially that metal stressed 26000 lb. per sq. in., and con- 
sidering that, the bridge shop, workmanship subordinated tonnage. 

The writer hopes that the Committee will extend and continue its work. 
Specifications for highway bridges are especially needed the present time, 
and hoped that this Committee and that the American Railway 
Engineering Association will co-operate form one that will receive general 
adoption. 

also hoped that other committees the Society can formed 
recommend standard practice other branches the Profession. The 
writer believes that nothing could arouse interest and increase the usefulness 
the Society the Profession much following the example some 
the other engineering societies extensive committee work. 
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specification shows that there substantial difference between and the 
specification the American Railway Engineering Association 1920. 

The specification the American Railway Engineering Association the 
result years study and work the part railroad bridge engineers, 
representing the major portion the tonnage railroad bridges constructed 
the United States, and applies definitely railroad bridges with spans 
300 ft. 

The only benefit which might derived from having specification pre- 
pared independently the Society would that would cover the con- 
struction railroad bridges spans excess 300 ft., and having 
with problems relating more especially the design and construction 
long-span bridges, connection with which number the members the 
have had valuable experience. 

the writer’s judgment that the specification drafted has not suffi- 
cient material value not already covered the specification the American 
Railway Engineering Association, warrant its publication. 


Conover,t Am. Soo. (by writer has con- 
sidered with some care the bridge specifications proposed the Committee. 
Based his examination, wishes congratulate the Committee fram- 
ing specification such excellent character, and his opinion the 
Engineering Profession should appreciate the splendid work that the Com- 
mittee must have done secure such excellent results. The attention the 
Committee called certain matters that have suggested themselves the 
writer. 

Article 107, impact formula for bridge design for traction: 
From all information that has come the writer’s attention, cars equipped 
with direct drive produce but little impact, probably not more than 10% for 
ordinary speeds. matter fact, probably most that comes from im- 
perfect track wheel conditions. believed that the impact for such 
bridges could reduced not more than per cent. 

Article 605, length top cover-plates girders: The writer would 
suggest that for girders used track floor stringers, all top flange-plates should 
extend the full length and the rivets should countersunk the top the 
top flange, order avoid dapping ties and consequent increased expense 
laying and maintaining track. desirable, where relatively short spans 
are used, that such longitudinal girders should not have any cover-plates, even 
should otherwise necessary slightly the depths the 

Article 804, depth and spacing girders: The writer would suggest 
for bridges for electric railway operation, with cars operated direct-drive 
motors, that the girders might well ft., center center, reducing the 
strain the ties. previously noted, his judgment, based informa- 
tion that has come his attention, that the impact the case such cars 

Engr., Norfolk Western Ry., Roanoke, Va. 

Received the Secretary, January 18th, 1922. 
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very small. There seems little necessity for attempting eliminate 
the direct effect this impact not having wheels directly over the girders. 


Turner,* Assoc. Am. Soc. (by writer has 
read the proposed specifications and has compared each paragraph 
with the corresponding paragraph the Specifications for Steel Bridges 
the American Railway Engineering Association, adopted 1920. Although 
there are some slight differences the intent, as’ indicated few para- 
graphs, the essentials are the same both specifications, namely, clearances, 
loading, impact allowances, unit stresses (with the addition alternate com- 
pression values), details design, shop work, and specifications for material. 

The discussions loading, impact and column formulas, presented 
Mr. Seaman, Professor Turneaure, and have been read with interest, 
and the writer feels that, although few tests are recorded, showing that im- 
pact values greater than 100% have been obtained spans less than ft. 
length, the result extensive studies and tests made the Committee 
the American Railway Engineering Association, and presented its 1920 
Specification for Railroad Bridges, spans great 300 ft. length, 
having impact values not exceed 100%, will produce safe and ‘satisfactory 


structures, conforming practically the best present-day practice American 
railroads. 


Epwarp Goprrey,§ Am. Soc. (by Committee 
commended for the excellence these specifications. They are good 
index the state the art building railroad bridges and show the effort 
the part the Committee define good, substantial structures. 

The more that individual judgment can eliminated and good rules 
adopted and enforced, the better will the structures produced. 
hoped that advocates detailed set specifications will prevail, and that 
those who advocate the adoption more general specification will fail. 

The arrangement these specifications excellent, but there are reasons 
for the placing many the Articles under Section 10, 
Section “Details Design”. Under the heading, “Workmanship”, one looks 
for that which concerns the shops, where the steelwork fabricated. Many 
paragraphs Section concern the draftsman, since they affect the making 
the shop drawings, rivet lists, and sketches which the draftsman must 
furnish for use the shop. should possible for bridge office copy the 
parts specification that pertain the shop work. 

Other Articles wrongly included Section 10, are follows: Article 1004, 
which deals with the reaming and drilling rivet holes; Article 1014, which 
deals with orders field rivets and has bearing workmanship; Article 
1016, which states how web-plates may ordered and detailed; Article 1018, 
which gives thread standards; and Article 1020, which states how bearing 
plates are detailed. All these pertain the making detail drawings, 

Received the Secretary, January 24th, 1922. 

Proceedings, Am. Soc. E., December, 1921, 710. 


Structural Engr., Pittsburgh, Pa. 
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and are not for the interpretation the shopman where workmanship 
vital importance. Other Articles which the same may said, are fol- 
lows, 1022, 1027, 1029, and 


Inspection bureaus are also interested grouping the paragraphs pertain- 
ing workmanship, that they can copied for the use inspectors. 
Anything that aids the inspector makes for better class work the shops. 
Draftsmen are interested having matters that pertain the making shop 
drawings collected under one heading. 

gratifying note that the Committee retained the Cooper system 
engine loading, not because represents exactly closely engine loads 
use, but because engineers have become familiar with it. translate any 
given system loads into equivalent the Cooper scale not difficult. 

The method for estimating the weight structural parts, Article 1103, 
seems excellent every respect. Some structural concerns will estimate 
steelwork without making any allowance for cuts, pin-holes, rivet holes. The 
weight plates that are ordered multiple lengths and sheared bevel, 
will computed though each piece was rectangular. These same forms 
add the full allowance overweight for wide plates, and also add percentage 
for shop paint. this means they charge for large weight that does not 
into the structure. the allowance for shop paint, there some defense, inas- 
much the computed weight frequently used place scale weights 
the pieces shipped, and would not out place add small amount, 
say, one-half the estimated weight the steel, for the shop paint. 

Article 107, the impact for bridges carry electric traction exclusively, 
required one-half great for railroad bridges. the writer’s 
judgment, impact allowance 25% for all members traction bridge 
sufficient. Impact due almost, not, entirely roughness the track 
unbalanced wheels. The effect impact any member has little 
relation the length span loaded portion; depends the imminence 
the member the track. very short spans, the member girder 
naturally closer the track, and tests show higher impact. There nothing 
test results impact observations justify formula that varies the impact 
with the span length. The only rational method taking care the dynamic 
effect rolling loads one the order Cooper’s specifications, which 
the effect live load member varied accordance with the directness 
its action that member. the matter traction bridges, seems 
that the standard practice could have been retained, using impact 
25% the live load all members. 

one sits the bottom chord bridge while 5-ton automobile 
passes great speed over the bridge, and from the same location compares 
the results with what happens when horse trots across, pulling light wagon, 
one will convinced that the suddenness application the load has little 
with the dynamic effect, whereas vertical vibration, due the roughness 
the floor the track, any other cause, has large influence. 

unfortunate that the Committee could not agree column formula 
and that such divergence practice should recommended the matter 
the design compression members shown Article 201. column 
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formula can even approximately correct that fails take into account im- 
perfections columns, this particularly true for structurally permissible 
columns. Years ago, engineers observed that, the zone structurally 
permissible columns, test results were grouped about practically straight line 
and then curved the zone slender columns. the strength this, 
the straight line formula for columns was urged and, later, generally adopted. 

This straight line formula suitable because not only simple 
application, but also virtually recognizes imperfection columns, since 
nearer agreement with the strength commercial compression 
members than any other formula use. 

Among engineers who favor theory, there seems movement 
return the curved line formulas. The chief argument for the curved line 
formula the inapplicability the straight line formula slender 
columns outside the range structural the straight line 
formula was shown give false results the limits where used, this 
would argument against it; but because fails give proper 
field where the use compression members forbidden, reason for its 

formula that would give “whip shaped” curve column unit stresses, 
that part the region permissible structural columns being straight and 
that the “slender” zone curving up, would agree best with test 
curve this shape would naturally have complex equation, and its use would 
impose unnecessary burden the computer. 

That test results group around “whip shaped” curve has been Shown 
results published article* which plea for the revival the Gordon- 
Rankine formula, 

There reason why the straight line formula should not for 
columns the maximum ratio slenderness permitted 
slender compression members such posts for transmission towers and struts 
for airplanes, being designed formula appropriate that used the 
design long struts. The Euler formula the proper formula for this 
purpose, but useless for designing structurally permissible columns. 

the writer’s book, “Steel Designing”, column formula derived, the 
locus which practically straight the limits structurally 
permissible columns and which curves the zone slender columns. 
is. practically coincident with the straight line formula common use, where 
that formula has application. This “whip shaped” curve has formula that 
too cumbersome for practical use. is, however, rational demonstration 
the correctness the straight line formula for use designing, for its 
derivation completely rational, and there only one assumption made, 
namely, that the column imperfect the extent being bowed. with 
offset its length. this hypothesis, formula derived that gives 
the unit stress the column, which, combined with the unit fiber stress due 
bending and consequent deflection, gives total extreme fiber stress 
readily detected, whereas one somewhat less, would difficult detect. 


Engineering News-Record, March 10th, 1921, 431, Figs. and 
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would seem, therefore, that this formula would give, not only safe results, 
but also economical proportions for compression members. Only the equivalent 
the straight line part the cumbersome formula recommended for use, 
namely, the commonly straight line formula for shorter columns. 
better justification that formula needed than the well known agreement 
with tests and this theoretical substantiation. 

the list allowable unit stresses given the straight line with 
base lb. per sq. in. Tests demonstrate that steel not good 
compression tension. not clear why the user the Gordon- 
Rankine formula should allowed maximum unit stress 14300 lb. 
per sq. in., whereas the user the straight line formula allowed maximum 
12500 per sq: in. There connection between the type formula 
used and the maximum unit stress allowed. seems well adopt upper 
limit 500 per sq. in. 

With regard the allowance for centrifugal force bridges, Article 112, 
recommended that the provision some specifications adopted which 
3D, the formula, which equals the degree curvature. 

Article 113, stipulated that the tractive force applied ft. above 
the top the rail. Every requirement design met applied 
the track level. 

Article 201, the unit pressure allowed concrete masonry 600 per 
sq. in., which gives undue advantage concrete over limestone masonry 
which allowed 400 per sq. in. Bridge seats are seldom grouted 
embedded manner that would give true bearing, and for this reason 
unit pressures should kept low. 

Article 206 which bending stress due floor-beam deflection men- 
tioned, and Article 208, “Secondary Stresses”, provide refinements that 
are unnecessary. Secondary stresses are seldom considered the design 
structures. For example, case girder rigidly connected the 
side column. The column would have designed for bending 
moment due deflection the girder, and this seldom done. Suppose, 
that, theoretically, this rigid connection gives bending 
excessive and the designer concludes that will girder bracket 
the side the column. this case there moment that 
should considered, because cannot taken the girder which amply 
able take it. This construction inferior the first, because lacks 
rigidity. If, improve the detail and supply the rigidity, top and bottom 
flange connection the girder the column introduced, the theoretical, 
equivalent the first plan secured without its practical benefit. 

avoid all bending moments, suppose the girder placed the top 
the column. effect this, will necessary use pin bearing-shoe 
its equivalent, because the girder rests thé squared end the column, 
the deflection the girder will produce theoretical bending moments. pin 
bearing-shoe, would impracticable. 

Secondary stresses and bending moments due deflection floor-beams 
may safely ignored ordinary structures; fact, doubtful whether 
they need ever considered. 
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The specifications should contain some definite rules for computing certain 
unavoidable stresses and moments, which although they 
ignored, should Examples such requirements are follows: 

bending moment transversely loaded chord will calculated 
each panel the chord was beam, simply supported the ends. For 
the splice near panel points one-half this moment will used. 

2.—Girders and trusses for skew spans, in. general, will calculated 
the spans were square. (In some cases, little more steel will required, 
but will produce girders that can converted into square spans need 
be, and simplifies calculations.) 

accumulated wind load the top lateral system through 
bridges will assumed divided equally between the four end-posts. 
The bending moment end-post will taken the product the shear 
the distance from the shoe the bottom strut the portal (or 
the foot the brace, substantial and not ornamental); this 
reduced the product the dead load stress the end-post half the 
distance between the webs the end-post unless this reduction diminishes 
the original moment more than one-half, which ease one-half the 
original moment used the bending moment due wind. 

would also well the specifications contained definite pronounce- 
ment the subject tension rivet heads. Inhibition tension 
rivet heads defeats its own purpose, whether that purpose secure good 
design prevent such tension. Tension rivet heads supplies the rigidity 
and stability all riveted structures. Without it, structures would rattle 
and fall apart; this tension that supplies the friction that plays major 
part holding riveted pieces together. 

Hardly design can made that does not some direct tensile 
stress rivet heads. are capable taking large amount 
tension the heads and, with proper design, doing with safety. 

this subject the following substitution recommended: 


“Tension rivet heads will allowed only: when the connection 
symmetrical and contains least four The bending the heel 
connection angles must considered, well the bending the part 
which the detail attached. When {-in. rivets are used, the connection 
angles should metal and the gauge rivets in. With rivets 
use angles and gauge. Additional rivets must provided take 
any shear coming the same connection.” 


not clear why lacing systems should required take shearing 
stress 24% the direct load compression member. There 
possibility member having great shear, even approximately 
Two causes are possible that may give transverse shear 
compression member, one which the weight the member, and the other 
bow the axis the member. 

Assuming that, the basis the direct stress, the gross area including 
rivet heads and lattice bars would have 000 lb. per sq. in. compression. The 
weight each square inch would 3.4 lb. per ft. and order have 
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weight the stress, one-half the length the member, 
end shear that amount, this one-half length would about ft. This 
member would then have cross-shear, due its weight approximately 
the direct stress, only when the length about ft. This per- 
shear would exist only very long members, from this cause, 
and special provision would made for the weight such members, 
latticed. 

the bow presumably straight member was its length, 
assuming parabolic curve, the shear due the curve, near the ends, would 
the end load. bow this amount, 0.3 in. column ft. long 
and 0.6 in. column ft. long, would observable and cause 
for rejection. bow 1.5 in. 20-ft. column, which would 
the condition give 24% shear, would cause for alarm. There appears 
good reason, therefore, for requiring lattice systems designed 
for more than about the direct load, transverse shear. 

The rule for net area tension member, Article 327, seems new. 
seems purely empirical and too severe and wasteful. The writer 
made series tests,* which seemed show clearly that the minimum net 
bar measured zigzag line, joining rivet holes, the measure 
the value the bar tension. Opportunity was afforded bring evi- 
dence controvert this, but such evidence was furnished. Tests 
riveted seams were cited, but riveted seam which the stress originates 
the rivets, quite different from bar flat, which the stress axial 
and merely distributes itself around holes cut out the section. 

There seems conflict between Articles 905 and 1401 the strength 
full-size eye-bars tests. The latter requires 1000 lb. per sq. in. more 
both yield point and ultimate strength. 


tions submitted the Special Committee contain many features meriting 
commendation; but number points outstanding importance, the 
Committee has disappointed the Profession failing make advance over 
existing specifications. 

Unit specified unit stresses are entirely too low. fixing 
unit stresses for design, the safe stress for dead load should govern. basic 
unit stress 20000 per sq. in. would leave ample margin below the 
elastic limit, and would unquestionably safe for dead load. Providing 
for dead load stress per sq. in. waste metal. Years ago, 
Cooper established 20000 per sq. in. the working stress for dead load, 
and the advance since then the structural art should justify reduction 
and not increase the “factor ignorance.” 

The difference between the effect live load and that dead load should 
taken care the impact allowance and not reduction working 
stress. 20000 per sq. in. safe stress for dead load, also safe 
stress for live load plus impact. 


Engineering News, May 3d, 1906. 
Cons. Engr., New York City. 
Received the Secretary, February 2d, 1922. 
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The provision for future increase live load should made assuming 

heavier live load, and not reducing the working stress. provide for 
probable increase loading using reduced working stress illogical 
and results unbalanced design. The live load may increase, but the 
dead load will not; result, the bridge members carrying the largest pro- 
portion dead load stress will the most extravagantly designed, and the 
members carrying the largest proportion live load stress will relatively 
the most deficient section. cannot disputed that exactly the reverse 
condition ought the objective proper design. secure the largest 
possible margin strength for increasing loads, with minimum expendi- 
ture metal, the extra metal should distributed among the various mem- 
bers proportion their live load stresses. Accordingly, thg most economical 
and best balanced design will secured adhering the principle previously 
enunciated, namely, the provision for future increase live load should 
made designing for heavier live load, and not reducing the working 
stresses. 

The writer maintains that the working unit stress tension should 
least 20000 Ib. per sq. in. instead 16000 proposed the Tentative 
Specifications. The other proposed unit stresses should increased the 
same ratio. 

disappointing have the Committee dismiss the im- 
portant question live load summary fashion, and retain the 
ancient Cooper loading the proposed specifications. 

Cooper’s loading does not correspond modern locomotives, and its reten- 
tion standard for design unscientific. Its use produces designs that 
are unbalanced for modern loadings. For instance, the Pennsylvania Rail- 
road locomotives are equivalent Cooper’s E-55 for some bridge 
members and Cooper’s E-76 for others, range variation per cent. 
The Erie locomotives are equivalent Cooper’s E-53 for some bridge 
members and Cooper’s for others, range variation per cent. 
Other locomotives, compared the writer, gave similar ranges variation. 
other words, structures designed for the arbitrary Cooper’s loading will 
not uniform strength for given modern locomotive; some the mem- 
bers span will defective strength, and some the spans line 
will disproportionately weak, comparison with others, and this difference 
strength may much per cent. loading that yields such 
disproportionate results may well regarded obsolete. Cooper engine 
diagram does not represent modern locomotives and should not used for 
designing modern structures. 

argument advanced for retaining Cooper’s loading that affords 
convenient standard for rating bridges; but the writer maintains that 
standard that has become warped such extent yield results that 
fail harmonize 40% has outlived its usefulness. new loading, 
the form diagram, formula, chart, should developed for these 
specifications. This loading should satisfy the following requirements: 


should give results that harmonize closely stresses produci- 
ble modern heavy locomotives. 
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2.—It should heavy enough provide for the probable future increase 
loading during the desired life structures. Accordingly, should 
50% heavier than the average present loading (supposed represented 
E-60). 

3.—It should presented such form will yield maximum facility 
application and will discourage meaningless refinement computation. 

The writer has been giving his spare time the development new 
loading diagram along the foregoing lines, and hopes able submit 
the results his studies the Profession early date. 


past American practice, there have been two different types 
impact formulas: 


1.—Formulas based the ratio live load stress live plus dead load 
stress 


2.—Formulas based the length (1) load producing the stress. 


The writer convinced that formulas either class are only partly cor- 
rect; and that truly scientific and comprehensive impact formula 
should combine both the factors enumerated. other words, term the 


form, should incorporated the impact formula. 


The inclusion this factor will make automatic correction for the greater 
inertia resistance the heavier sections given structure and the 
heavier structures given line. will apportion the largest relative 
additional metal for impact those members which the live load bears 
the largest ratio the dead load, thus contributing the longevity the 
structure under increasing loads. will yield results conforming the 
principle that impact should less bridges with solid ballasted floors 
than those with open decks. will yield reduced impact for bridges 
carrying highway floor addition the railway tracks. will partial 
compensation incentive for adopting the heavier and more rigid construction 
choice between alternative designs. will automatically increase the 
impact tax very short spans and reduce very long spans. More- 
over, will yield formula applicable without change all types structure 
line, instead requiring different formulas used for steel trusses, 
concrete arches, 

The formula recommended the Tentative Specifications defective 
that makes distinction between light and heavy constructions. the 
same length span; for instance, would yield the same impact stresses 
for bridges with solid decks for those with open floors. This defect would 
remedied, and the other advantages enumerated previously would secured, 


the impact formula was corrected include the factor, 


The revised formula, moreover, should conform with observed effects 
yielding impacts exceeding 100% for very short spans. Accordingly, the 
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writer would propose the following formula for impact percentages 
combine the two contributing factors load length and load ratio: 
200 

The values yielded this formula for open-deck spans various lengths 
conform closely the maximum impact percentages recorded the Ameri- 
and the English tests. This shown Fig. 17, where the graph 
impact values calculated this formula (for open-deck spans), practically 
coincides with the highest test values recorded from all lengths spans. For 
solid-deck spans, the impact values yielded this formula are appropriately 
lower. 

The formula simple, easy apply, and, the writer’s opinion, more 
scientific and comprehensive than the formulas proposed. 

Column Committee should decide the column formula 
recommend, instead complicating matters offering the designer his 
choice three different formulas. 

The conditions not warrant hair-splitting precision fixing working 
stresses for columns, and there seems little justification for using quad- 
ratic formulas when simple straight line formula gives essentially the same 
results. straight line formula with horizontal maximum should suffice. 

One important point that has not been provided for any the standard 
specifications, the difference permissible stress columns having dif- 
ferent forms open closed sections. Closed box sections are safer 
against buckling than open sections, and solid diaphragms cover-plates 
are more effective than planes latticing. This difference value dif- 
ferent forms section should represented the column specification. The 
column formula should allow higher working stress for the sections that 
are known safer, offer premium for the selection the more 
substantial designs, instead encouraging, the present specifications do, 
the adoption open, flaring sections for the sake economy. 

the basis working stress 20000 per sq. in. for tension, the 
writer would recommend that the following working stresses specified for 
columns: 

For closed section, section with two diaphragms, section with 
one diaphragm and two planes lattice: 


000 100 (maximum, 000). 


For half-open section with one cover-plate and one plane lattice, 
section with one diaphragm without latticing: 


000 100 (maximum, 000). 
For open section with two more planes lattice: 
000 100 (maximum, 000). 


The writer maintains that the adoption such specifications for column 
design will conducive better and more consistent designing. 
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If, addition, desired include the column formula the extreme 
fiber distance, urged Mr. the writer would suggest 


term, 100 the formulas previously mentioned replaced term: 


the minor points the specifications, the writer has noted several 
which some questions may raised. 

Spacing practice has required width between centers 
trusses about one-sixteenth the span, and seems step 
the wrong direction reduce the prescribed width one-twentieth the 
span. 

Pin Stresses—The safe bending stress extreme fibers pins better 


Reversal for the .connections, there physical 
justification for the reversal clause, requiring increase section for reversal 
stress. has been defended disguised method increasing the sec- 
tions web members for prospective load increase; but this object ought 
accomplished direct, straightforward manner designing the struc- 
ture for the probable future loading. The greater impact web members 
fully provided for the impact formula proposed the writer. 

Combined basic unit stress 20000 Ib. per sq. in., the 
augmentation the working stress for combination which lateral and 
longitudinal forces are included, may 20%; and secondary stresses are 
also included, the augmentation may per cent. 

Overload.—With basic unit stress per sq. in., assumed 
that the design load about 25% higher than the present loadings. Con- 
sequently, only 25% increase live load need considered the overload 
clause. addition the clause should stipulate that any reversal resultant 
stress that may caused 25% increase live load, should provided 
for the design the member. 

Net proposed formula can shown give inconsistent 
and anomalous results. 1920, the writer submitted, the Bridge Engi- 
neers’ Committee the New York Central Lines, specification derived 
from theoretical considerations and confirmed experimental results: 


“The net section riveted members shall the least area which can 
obtained deducting from the gross sectional area, the area holes cut 
any straight zigzag section across the member, counting the full area the 
first hole and fractional part each succeeding hole, the fractional part 
being determined the formula, 


(but not exceed unity), 


where the pitch (longitudinal) distance, and the gauge (transverse) 
distance from the preceding rivet.” 


Proceedings, Am. Soc. E., December, 1921, 730. 


See the writer’s article, Stresses for Bridge Engineering News-Record, 
March 24th, 1921. 
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illustration, consider chain five rivets diagonal line, with 
spacing between the rivets in. pitch and in. gauge. the Tentative 
Specification, only holes need deducted; the writer’s rule, 4.2 holes 
should deducted. The latter result agrees exactly with the value given for 
this example the theory combined stresses. 

conclusion, the writer would urge more thorough discussion and con- 
sideration the Tentative Specifications, there little gained 
hasty decision the larger questions involved. 


studied the Tentative Specifications and would offer the following criticisms: 

Article specifications the Philadelphia and Reading Railway 
Company, provide for minimum width between center trusses one- 
fifteenth the span, which appears better than one-twentieth given 
the Tentative Specifications, since the greater width would tend make 
the span stiffer against lateral deflection. The limiting value, however, 
largely matter personal opinion. 

Article 15.—It stated this Article that ties should dapped in. 
over the lowest part the girder. This should modified give the 
maximum depth dap allowed, preferably in., order avoid excessive 
notching. The attachment ties girders beams unnecessary and 
needless expense, has been the writer’s experience that such fastenings 
are inefficient; now the practice provide fastenings this character, 
depending the dapping the ties over the girders for alignment and the 
wooden guard-rails for the prevention bunching. The writer would sug- 
gest that some qualifying phrase added regard spacing ties the 
floor-beams order that top flange the floor-beams may kept clean. 

Article 106.—The proposed impact formula, when compared with the Pen- 
formula, which has been largely used during recent years, increases the 
impact only small amount spans less than 100 ft., but spans 
more than 100 ft. the decrease marked, amounting for 150-ft. span 
and 20% for 300-ft. span. Since the longer spans are more expensive 
build and harder renew, they should have longer life, and, therefore, the 
proposed reduction impact for the longer spans does not seem desirable; 
also, there only small compensation the increase for the shorter spans. 
more desirable formula appears be: 


which follows the tests closely, increasing the impact considerably the 
shorter spans and not decreasing much the longer spans, when com- 
pared with the Pencoyd formula. the writer’s opinion, the formula, 
300 
L? 
300 
100 


Engr. Bridges and Bldgs., Ry., Philadelphia, Pa. 
Received the Secretary, February 4th, 1922. 
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proposed the Committee, not good the Pencoyd formula, but 
the formula, 


better. 
Article 201.—As all the formulas common use agree well with tests, 


within the limits allowed good design, there seems good reason for 
departing from the straight line formula adopted the American Railway 


Engineering Association 1906 and 1910, namely, 000—70 and which 
has been widely used. The writer would place the upper limit about 300, 
which would correspond with 40. 


Article 306.—A greater value should allowed for angle connected 
lug angles than for one connected one leg only. 

Article Article indefinite. limiting percentage should 
fixed, below which the ratio the area the flange angles the total flange 
area should not fall. 

Article 605.—The requirement, that cover-plate should extend beyond 
the theoretical end distance sufficient develop the plate, seems exces- 
sive, the full value the plate not required that point. 

Article this good requirement, but somewhat dif- 
ficult carry out. should left for the purchaser indicate the method 
followed, should desire that such provision made. 


eations for Steel Railway Bridges, is, general, most excellent specifica- 
tion. The striking feature the resemblance the Specifications for Steel 
Railway Bridges, 1920, the American Railway Engineering Association. 
The agreement between the two close that the arrangement and even 
the wording the greater part the Tentative Specification identical with 
that the Specification. The writer finds fault because 
this, but the question naturally arises, was there any reason for the produc- 
tion this specification, and there any excuse for its existence? 
sure, the wording the Specification has been slightly changed 
places, sometimes for the better, sometimes for the worse, but the two 
documents still remain essentially identical. The Specification 
was prepared, after several years work, large and representative com- 
mittee, made principally railroad bridge engineers. Undoubtedly, the 
railroad bridge engineers the United States will use it, they use either. 
Who then will use the Society’s specification? Possibly electric railway 
industrial companies, but, even this, doubtful; and even so, would this 
sufficient justification for the publication essentially identical specifica- 
tion under different name. seems the writer that the most graceful and 
the most useful action the Society could take, would the endorsement 
the Specification, with such suggestions for revision might 
seem desirable. 


Engr. Structures, R., New York City. 
Received the Secretary, February 4th, 1922. 
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Referring the Tentative Specifications detail, the following comments 
are offered: 

Article impracticable always dap ties in. Some girders 
have number cover-plates and follow this rule strictly would require 
ties many depths there were cover-plates. maximum allowable 
depth dap should specified, about in. in. 

would seem undesirable into too much detail methods 
preventing the bunching ties. This should left the judgment the 
Engineer. recently developed method preventing ties from bunching 
the use small spacing blocks between the ties each end. 

Article 16—The special load 15000 per lin. ft. applies only 
transverse beams spaced close together. This distinction should made. 

Article. 108.—As written, this article has increase 50% 
the live load could not produce the same increase the total unit stress, 
unless there was dead load stress. For members other than counters, the 
percentage increase would considerably less than 50%, the amount 
depending the ratio the dead load the live load with impact. 

The corresponding article the Specification was introduc 
require the provision sufficient excess section the web members (wh 
have comparatively low dead load stress), that, under maximum 
all members truss would stressed uniformly. was based the 
assumption that the average dead load stress the chords one-half the live 
load stress with impact. increase 75% the live load would produce, 
such chords, increase 50% the total unit stress, which was con- 
sidered the point maximum overload. 

Article may desirable give the formula for com- 
puting the centrifugal force, there seems good reason for omitting 
the tabulated percentages given the Specification. This tabula- 
tion saves considerable effort the part the designer. 

Article 201—After Conference Committee, composed representatives 
the Society and the American Railway Engineering had 
agreed column formula, was hoped that this question had been settled 
for some time. 

The Committee, however, has seen fit open the question again 
injecting three different column formulas its specification. This will 
simply lead confusion and will not promote desirable uniformity design. 

also noted that the permissible shear plate-girder webs given 
000 per sq. in., net section. This seems unnecessarily low. 

Article the word, “area”, should read “diameter”. 

Article sway-bracing specified only the planes the end- 
posts deck truss bridges? Surely such bracing necessary inter- 
mediate points such spans deck plate-girder spans. 

Article should cambered for the sum the dead load and 
live load deflections. for dead load only, the bottom chord, when erected, 
will straight line, but will have the appearance Although 
this will not affect the strength displeasing the eye. The writer recalls 
case truss about 175 ft. length, where, due error detailing, 
camber was provided for dead load deflection only. Shortly after erection 
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was completed, alarm was felt some quarters, due the apparent sag the 
bottom chord, although this chord was absolutely straight. 

Article 706.—Apparently the word, “thick”, has been omitted the end 
the Article. 


cations for Steel Railway Bridges follow closely the General Specifications 
for Steel Railway Bridges the American Railway Engineering Association 
that hardly seems proper propose consider them otherwise than 
slightly revised edition the latter specifications. Minor changes the 
arrangement, wording, and, occasionally, the substance the clauses 
the Specifications have been made, and, some cases, improve- 
ment will perhaps conceded, but other changes are matters opinion 
which two committees experts would ever agree. There are also some 
like the others—which, the writer’s opinion, not improve 

change important principle, nor any change that would produce 
materially different structure from those built under the Specifi- 
discernible the writer. The following clauses may commented 
on: 

Floor.—There are several satisfactory ways fastening and 
securing ties the steelwork and there seems necessity for specifying 
the detail one these. The Specification superior this 
and also limiting the extent dapping ties, which has weakening 
effect. 

special live load specified not necessary 
the case ballasted track carried longitudinal beams with without 
cross-beams, and should limited floors composed closely spaced cross- 
per lin. ft. should also variable agree with the variations live load 
permitted Article 104. 

questioned whether end floor-beams are preferred. 
They add the expense, make back-walls less accessible, are not practicable 
ends more than slightly skewed, and the writer never found any necessity 
for them. 

108.—Overload.—This specification differs from the provision 
for extra section web members trusses take care the increased live 
load without increasing the unit stresses disproportionately compared with 
the chord members. The Specifications provide, effect, for 
75% live load without more than 50% increase the specified unit 
stresses web members. Ordinarily, chord members and end-posts trusses 
span 300 ft. will carry live load increase 75% (varying 
with the length the span), with increase not more than 50% the 
designing unit stress. order that the interior web members may not 
stressed more than 50% above the designing unit stresses, with the increase 
live load which would increase the corresponding chord unit stresses 50%, 
the web sections must increased slightly, and seems well require this 
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adds comparatively little expense the structure. The 
Specifications provide for the extreme case 75% overload. providing for 
overload interior web members equal that which the chords will carry 
with the same 50% increase designing unit stress, the desired end would 
attained perhaps the most satisfactory manner. 

109.—Lateral distance ft. above the base rail for 
center application the lateral load, representing the “nosing effect” 
the locomotives, too high. Centrifugal force taken ft., which cor- 
responds more closely the height the center gravity the locomotive, 
and would appear that the same figure should adopted both cases. 
The Specification the same the Tentative Specification this 
respect. 

which appears improvement. 

112.—Centrifugal argument for showing the formula, but 
the speed factor must determined. Practically, the speed depends the 
curvature and the table showing the centrifugal force for vary- 
ing degrees curvature the corresponding speeds which have been adopted 
generally the maxima allowable, has been found far more convenient for 
use than the general formula. This table saves time and avoids error the 
determination this force. any case, the usual limiting speeds miles 
per hour used with different degrees curvature, should provided, 
as, otherwise, this information would frequently have estimated. 

Column formulas worry others more than the writer. sees occasion 
for formulas more complicated than the “straight line” formula. There is, 
however, one thing connection with column strength, which the Committee 
perhaps has not considered and which might make worth while subject 
investigation, that is, the effect impact columns and compression mem- 
bers. The horizontal the column formula for low ratios length 
radius gyration probably all right for static loads, but for impact 
questionable. The impact effects, the writer conceives them, are momentary 
their extremes. requires time well load cause compression 
failure. The case may well similar that timber beams noted here- 
after. may different with tension member. take care this feature 
the amount impact could made less for compression members than for 
tension members although retaining the respective working unit stresses pro- 
posed. seems likely that compression members ordinary truss bridges 
are being made disproportionately heavy this account, and the Commit- 
tee could determine this its satisfaction, and propose change the’ 
specifications accordingly, would one really new suggestion importance 
the bridge design. 

201.—Relative tension extreme fibers timber two groups: The 
working stresses shown are apparently intended used exclusively for 
timber ties with bending moments produced practical entirety live load 
increased 100% for impact. For such application and conditions, they are 
conservative; but might well note the intended application and con- 
ditions directly Article 101, for the stresses are too high for static loading. 
also seems reasonable think that the impact ties might reduced 
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50% for electric traction accordance with the provision Article 107 for 
reducing one-half the impact computed the formula Article 106. 
The Committee Timber the American Society for Testing Materials 
reported, 1921, reference working stresses structural timber beams, 
follows: 

“It also well determined the tests that resistance suddenly applied 


loads much greater than slowly applied constant loading; therefore, 
the condition loading will affect the amount allowable stress” 


and, also, 


“From the above will seen that order have rational design 
necessary state working stresses different amounts for different 
kinds loadings and exposure timber. example, for dense structural 
yellow pine, the maximum working stress will 1100 lb. per sq. in. This 
for constant loading and for submerged locations where the timber con- 
stantly wet. locations the weather, such bridges, the allowable work- 
ing stress for constant loading 1400 lb. per sq. in. Under cover, where the 
timber always dry, the allowable working stress for constant loading 600 
per sq. in.” 

Also, 

“From the tests, determined that the resistance timber approxi- 
mately proportional the speed loading. For constant loading, the stresses 
above given are proper, but for sudden loading, resulting 100% impact, 
the successive loadings being far enough apart allow reasonable 
recovery the timber, the allowable stresses may doubled (not exceed 
800 lb. per sq. in.), the stresses due this sudden loading being those actually 
computed from the load with the impact. For other proportions impact, 
less than 100%, the allowable working stress may increased ratio 
equal the percentage impact. For dense structural yellow pine, the allow- 
able working stresses would, therefore, follows: 


For wet submerged locations... 1100 1100 per sq. in. 

where the proportional impact stress.” 

These quotations from the report the Committee, are given 
here writer (who way connected with the Committee) 
believes the most rational exposition the subject has seen and 
that points out the proper method specifying working stresses for timber, 
although the constants the impact factors seem rather high. will 
noted that the Committee would allow, for dense structural yellow 
pine, Ib. per sq. in. (fiber stress bending) for live loads with 100% 
impact, 2100 per sq. in. with 50% impact, but only 1400 per sq. in. 
for all dead load sustained live load without impact. 

should the camber equal the deflection produced 
the dead load only? The Specification requires equal the 
combined dead load and live loads without impact, which seems proper, 
seems undesirable that the structure should sag, curve downward under 
live load. 

1202.—Painting Surfaces writer thought that coating 
with linseed oil was practice that had been outgrown. certain that 
coating linseed oil without pigment has neither the durability nor pro- 
tective qualities one linseed oil mixed with pigment form suitable 
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paint. The difference thickness thin paint coating and one linseed 
oil without pigment too little offset the deficiencies the latter otherwise. 

The writer believes that the report the Committee, which the Tenta- 
tive Specifications form the principal part general endorsement the 
Specifications for Railroad Bridges and shows that the Committee 
finds need for another set general National specifications for this class 
structures. Instead taking the work its fellow Society, modified 
such slight degree this case, and presenting different product 
and the production this Society, would seem that the courteous and just 
thing for the Society endorse the Specifications, with 
statement the few minor points exception, which should apply sub- 
stance only, and could listed briefly. 


this Committee evidence desire the part some members have the 
Society sponsor some kind specification; but what kind, working specifi- 
cation general specification? working specification necessarily nar- 
row. definite set rules issued the purchaser order obtain 
the kind bridge wants. part the contract. should not 
used Court, except evidence what required under the contract. 
When prepared individual, the embodiment his personal pre- 
dilections; when prepared committee, usually compilation com- 
promises and subject modification the individual user. general 
specification, the other hand, should broad. From the purchaser should 
able draw the necessary inspiration and information enable him 
prepare working specification for any kind bridge any location. 
should furnish the information which would enable user determine the 
maximum safe carrying capacity his structure, far possible 
right and wrong bridge design. 

The construction any bridge requires minimum expenditure secure 
the requisite service and security. Additional expenditures, obtain increased 
strength and rigidity, facilitate maintenance, and minimize the effects 
accidents, are optional with the Moreover, the cost the bridge 
superstructure only one unit the cost the project and should 
balanced against all other items cost, order obtain the total minimum 
expenditure. All which should recognized and provided for gen- 
eral specification. 

The Committee has presented for discussion, draft what appears the 
writer, working specification, specification for which there does not 
appear any necessity. The writer believes that the Society issue 
bridge specification, should general specification. Moreover, every 
article should followed explanatory statement showing how 
derived, what expected accomplish, its relative importance and neces- 
sity, and what other methods can used secure equivalent results. 

The following discussion some the articles the Tentative Specifi- 


Engr. Structures, Boston Maine R., Boston, Mass, 
Received the Secretary, February 15th, 1922. 
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cations attempt show why the writer believes they are too narrow 
their scope, why some the requirements now obligatory should optional. 

the necessity reeommending limiting span lengths? 
Why not state limiting conditions The maximum span for 
determined three factors: Loads, unit stresses, and section moduli. 
Their use determined these three factors plus relative economy. 
The purchaser should have the option substituting built sections for 
order that the work may not delayed, for any other 
good reason, hence there minimum limit for plate girders. The 
maximum span for plate girders determined weights and dimensions. 
that can handled and shipped the site, the question relative economy 
always being considered, and this includes annual cost well first cost. 
between riveted and pin trusses, question economy, rigidity desired, 
and local conditions controlling erection. 

Trusses—The proper number trusses girders for 
multiple-track bridge question economy, governed local conditions. 

use the Cooper series engines should con- 
tinued for well-known and oft-repeated reasons. The proper value use 
matter for individual judgment, based past experience and estimate 
future traffic development. good judgment use value excess 
the equivalent values the heaviest engines service. recommended 
percentage excess could stated. The Committee could also recommend 
the proper values for use different classes roads. 

Stresses and Section 9.—Materials.—Article 201 and Section 
give the appropriate unit stresses use with different grades materials and 
specifications for these materials. The relation between the various stresses. 
should such that bridge will obtained uniform strength throughout. 
Would not practicable write all stresses functions the axial 
tensile stress, and then specify the appropriate values for the different 
grades material. 

object hinged shoes reduce secon- 
dary stresses induced deflection the bridge tipping the masonry and 
prevent the eccentric application reaction due deflection the bridge. 
the ends girders are properly designed with sole-plates the minimum 
size necessary meet the specified stress for bearing metal metal, the 
displacement the end reaction due deflection will have serious results. 
This Article combined accident and life insurance clause. The require- 
ment not necessity has been proved the long and successful lives 
large number bridges not equipped with pin shoes. 

The writer believes minimum span length 100 ft. sufficient, except 
for very shallow very heavily loaded girders, when limiting span length 
ft. can specified. 

Bearings.—What valid objection can there allowing 
short-span plate girder slide plane parallel the grade instead 
horizontal plane. the bridge grade, something must 
there are pin shoes. simplest put the bevel the bed-plates. 
Suppose the sole-plates are beveled specified and the bridge arrives wrong 
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end to; will necessary wye turn-table, laboriously turn 
the girder the site; suppose, has happened, discovered the site 
that all the shoe-plates have been riveted with the thick ends the ends 
the girders. the other hand, casting has been incorrectly placed, 
easy jack and reverse it. 

Articles 606, 611, and 612.—These Articles are intimately related. 
the distance between flange angles less than the value obtained from 
Formula (c), Article 611, and Article 309, “Limiting Thickness Metal”, 
observed, why the necessity the additional requirement Articles 606 
and Why the arbitrary minimum thickness web specified Article 
6062 How are Articles 606 and 612 derived? the maximum safe 
carrying capacity girder web determined? Given thickness and depth 
web, spacing stiffeners, and clear distance between flange angles, the 
allowable web shear unit stress determined from Formula (c), Article 611, 
increased specified percentage and the live load working 
backward from the allowable maximum shearing stress. How much consid- 
eration should given the requirements Articles 606 and 612 obtain- 
ing maximum capacity? engineer guilty negligence allows 
loads girder the web which fills the requirements Article 611, but 
which fails regard Articles 606 and 612? 

These are only few many paragraphs that can criticized, but they 
are sufficient illustrate the writer’s viewpoint. 


Esq. (by 1910 Specifications the Amer- 
ican Railway Engineering Association for the design steel railway bridges 
are being used the writer’s Company, and the present time the 
intention continue using these specifications, because appears that impact 
and compression formulas are transition state. Since the 1910 
Specifications appear give more economical spans than either the 1920 
A., these Tentative Specifications, the intention continue 
using the former. 

The principal reasons for adhering the 1910 Specifications are: 

impact allowance called for less for spans 100 ft. and 
under than the 1920 Specifications; this will represent saving tonnage, 
the Company’s bridges are, rule, plate-girder spans. The impact allow- 
ance the 1910 Specifications appears cover amply the actual stresses 
caused impact, far present experience and experiment show. 

compression formula and the limiting compressive stress, 
allowed the newer specifications will give heavier and, therefore, more 
expensive trusses than the older specifications. 


the Tentative Specifications, the writer notices the following: 

15.—Timber Floor.—This Article calls for hook-bolts. The practice the 
writer’s Company use plate-washers not less than in. square for securing 
the wooden floor the stringers girders, hook-bolts soon work around 
wooden ties and become ineffective. 


Bridges, Atlantic Coast Line R., Wilmington, 
Received the Secretary, February 14th, 1922. 
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this requirement would desirable 
truss design, should ample take care increase live load for the 
usual life metal bridges. 

suggested that this Article made read 
“so that the combined fiber stress will not exceed the allowed axial 

Section 6—Plate Girders—No provision seems have been made for 
camber plate-girder spans. The writer believes such provision should 
made, especially for long swing bridges. 

Through Girders—The writer would prefer the rounding 
the ends through plate girders, rather than the use brackets the 
ends the girders, the latter would not give neat detail. 

1202.—Surfaces the writer’s practice paint each contact 
surface with one coat red lead and boiled linseed cil. The linseed oil alone 
would hardly effective the prevention rust. 


Evan Am. Soc. (by writer feels 
considerable responsibility for the fiasco which has resulted from attempt 
write real railroad bridge specification. The letter addressed the 
Board Direction George Pegram, Past-President, Am. Soc. E., 
Greiner, Am. E., and the writer, 1918, contemplated com- 
mittee co-operate with the Committee the American Railway Engineering 
Association, and other scientific bodies, formulating real joint specifica- 
tion. This was not carried out, and when the American Railway Engineering 
Association published its 1920 Specification expediency and compromise, 
the writer signed the letter requesting the appointment the Board 
Direction committee draft real specification, one which would 
represent the best science and practice, which the individual engineer 
could work and from which, time, something worth while might result. 

The Committee represents great individual ability, any member which 
could write, over night, specification better and more date than the 
one presented, which only another one expediency and compromise. 
this the best that can done, then let the Society endorse the specification 
the American Railway Engineering Association, and not clutter the 
records progress with production that will simply lead confusion. 

The fact generally admitted that the Cooper loadings are out 
date, and are only being retained matter expediency. The adoption 
new system that logical and that will distribute the metal properly, between 
short and long spans, was shown feasible, the his paper 
the “Revision the Niagara Railway Arch Bridge.” The Cooper loadings 
could still used measuring stick, and seems presumptuous state that 
railroad operating officials could not understand such change. 

The matter impact certainly better provided for the elliptical 
curve, but for specification presenting the ultimate, should also have 
factors for variable and critical speeds. 

Cons. Engr., New York City. 
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With proper loading, full allowance for impact, secondary, and all other 
stresses, modern unit stresses basis not less than per sq. in. 
for structural steel tension, should adopted. The writer believes engi- 
neers should even higher and make possible for the railways finance 
the replacement large numbers old and light bridges. The fabricating 
companies see the advantage them and join heartily such 
movement. 

The adoption column formula. must wait thorough study all 
the recorded tests columns. This can only accomplished paid com- 
mittee two three experts, and might done summer work sub- 
committee the Committee. 

There are many engineers who believe such study would result 
the adoption the Gordon formula, and this may true. may found, 
however, that straight line formula practically correct; even the formula 
adopted would prove complicated the secant formula, need not frighten 


any one, for the unit stresses for various values tabulated. 


The members the Committee, however, know all these things and much 
more. Will they rise their opportunity and formulate specification that 
will the superior limit for the next quarter century, will they per- 
petrate another that will enlarge the slough into committee work 
has fallen 


express his appreciation, first, the Society for appointing Special Com- 
mittee Specifications for Bridge Design and Construction, and, second, 
the Special Committee for presenting Tentative Specifications for Steel 
Railway Bridges promptly after its appointment. 

The large amount capital expended each year warrants the most 
exhaustive investigation produce specifications for the various kinds 
bridges, issued and supported the Society, the membership which 
vitally interested having specifications under which good and lasting 
bridges may constructed, specifications which may universally used the 
Profession. 

order realize such results fully, the writer’s opinion that Joint 
Committee, representing those National engineering societies interested, 
should organized take the preparation and completion such specifica- 
tions for the design and construction bridges, may receive the support 
the largest number engineers. 

The Tentative Specifications for Steel Railway Bridges presented the 
Committee follow, large measure, the “General Specifications for Steel 
Railway Bridges” for fixed spans less than 300 ft. long, adopted the Amer- 
ican Railway Engineering Association 1920. 

There are some points, both arrangement and description details, 
the Tentative Specifications that may considered improvement. 


Bridge Engr., Lehigh Valley R., Bethlehem, Pa. 
Received the Secretary, February 18th, 1922. 
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The following suggestions are made with regard certain articles the 
Tentative Specifications: 

bridges may also built with four 
trusses, avoid disturbing the alignment the two inside, usually main, 
tracks. 

Trusses—The minimum spacing trusses girders 
fixed one-twentieth the span seems the writer not good the one- 

maximum super-elevation for bridges curves_fixed 
in. seems provide sufficient clearance, but this figure should not 
accepted proper one use for the super-elevation outer rails curves 
for open-floor bridges, for which the super-elevation ought limited to, 
say, in. maximum and the speed trains reduced suit such super-elevation. 

15.—Timber Floor—The words, “top of”, should added the fourth 
line between “the” and “girder” express properly what meant. 

101—Weight “ballast 120 lb. per cu. ft.” 

With heavy rails, such 135 per yd., with tie-plates and steel guard- 
rails, the weight rails and fastenings should increased 200 lb. per lin. 
ft. track. 

105.—Multiple writer prefers the expression percentage, 

well.as the amount reductions, for loading multiple-track given 

106.—Impact.—The impact formula the 1920 Specifica- 
tions should meet the requirements for open-floor bridges, except for spans 
ft., and less. For these short spans, reduction the unit stress of, 
say, 1000 per sq. in., such was made some Cooper’s specifications, 
might adopted good advantage, since short spans, stringers, receive 
the severest usage under traffic. 

For concrete ballasted floor bridges, for which smaller impact than for 
open-floor bridges should expected, modified formula for impact should 
incorporated the Specifications, based the necessary tests. 

order obtain properly co-ordinated structure under 
50% overload specified, live load 50% greater, with impact, than desired 
for normal conditions, coupled with proportionately increased 
might used.in determining the sections required for the various parts. 

Centrifugal provisions for centrifugal force not seem 
the latter states the velocity trains for various degrees curves, and, there- 
fore, should prove more satisfactory. 

shearing unit stress plate-girder and I-beam webs, cor- 
rectly stated 000 per sq. in., net section, seems considerably variance 
sq. in. gross section. The writer prefers the allowable-unit stress based net 
section, since this method tends prevent the over-punching web-plates. 


308.—Strength Connections—It suggested that this Article 
amended read: 
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“Connections carrying live load stress shall have strength equal that 
the members connected, regardless the computed stress. Connections for 
laterals and similar members may proportioned for the stress. 
Connections shall made nearly practical symmetrical with the axis 
the member.” 

$10.—Pitch Rivets—The maximum spacing rivets fixed in. for 
rivets and in. for rivets, and twice the amounts given 
rivets for angles are staggered two gauge lines, does not seem produce 
satisfactory results for the heavy materials used modern railway bridges. 

The writer’s experience indicates that with corresponding shorter spacing 
in., the members forming section are not all cases drawn together 
tightly prevent water from entering between the angles and 
girders and other heavy sections. 

Tension minimum length stay-plates for 
riveted tension members should specified. 

suggested that the length spans requir- 
ing hinged and roller-bearings changed from ft. ft. and more. 

605.—Flange cover-plates need not fully developed the theoretical 
ends. The requirement the Specifications extending the 
cover-plates in. beyond the seems more ‘consistent. 

608.—Flange for flange members long girders are 
erally necessary; the manner such splicing should described. 

703.—Camber.—The camber equal dead load deflections only seems 
too small. The requirements are more consistent with general 
practice and requirements. 

801.—Bents and Towers.—To take care bridges over streets, with single 
bents the curbs, the last sentence this Article should read: 

“They shall usually united pairs form towers, but where single 
bents the columns shall have either hinged ends, the columns and 


anchorage proportioned for bending ‘due horizontal and temperature 
stresses.” 


804.—Depth and Spacing Girders—At the end this Article add 
“framed between and riveted posts”. 

902.—Properties—The yield point, pounds per square inch, the 
writer’s opinion, should fixed 000, least.made 500 which would 
50% the upper limit the tensile strength 

marginal heading should changed from “Excess” 

Committee should eliminate from this 
Article punched and riveted work”. For the main sections 
railway bridges, sub-punched and reamed work, drilled work, only, should 
used, assure the best results under the present bridge methods where 
tonnage output plays such important part. 

The writer hopes that the Committee, together with committees other 
Engineering Societies, will extend its labors the preparation Specifica- 
tions for the Design and Construction Highway Bridges Steel Con- 
crete. The need for such specifications under present-day highway traffic 
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becoming more and more urgent, and the Society can real service 
the public large, being instrumental the production such 
specifications. 


tion for Steel Railway Bridges the Society should considered 
tion with the similar specification adopted the American Railway Engineer- 
ing Association. Comparison these two specifications indicates that they 
are identical all essential respects, such minor differences exist are con- 
fined principally phraseology, and concern feature major importance. 

practically general throughout the United States and Canada, and, 
varying degree, has extended other parts the world. represents the 
labor years and consensus professional opinion the part the 
country’s largest purchasers steel railroad bridges, and covers complete 
detail the rules practice the value which has been demonstrated 
experience. 

The reason for the issuance the Society specification identical with 
that the American Railway Engineering Association not apparent. 
the contrary, probable that such step would source confusion 
and inconvenience purchasers material this class, ‘especially those 
who are not constantly the market. The adoption single specification, 
uniform standardization, and practice, with which fabricants, rolling mills, 
and designers could quickly familiarize themselves, would create basis 
absolute understanding, each case, between the purchasers and the firm 
furnishing the material, concerning the character material involved and the 

would seem advisable encourage the general adoption the 
Specification now effect, and that steps should taken the 
Society toward the adoption another specification cover work the char- 
acter considered. 


parison, the Tentative Specifications, with the General Specifications for 
Steel Railway Bridges the American Railway Engineering 
discloses important differences. this view, differences wording without 
change meaning are not important; differences arrangement and sequence 
identical matter are not important; differences substance and requirements 
which are largely matters individual preference, are not important; matters 
controverted opinion which might reconciled unbiased meeting 
minds, are not important. the writer’s opinion that all the differences 
between. the two specifications can placed one the other classes. 

The work submitted the Committee for the approval the Society 
not original work; merely revision and adaptation the work 
committee another Association. The Committee gives freely the 


Engr. Bridges, Baltimore Ohio R., Baltimore, Md. 
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original source, and this statement made without any derogatory purpose. 
The writer’s purpose point out the futility and lack dignity the 
putting out such set specifications the Society. The creation 
special committee cover the whole subject bridge design and construction 
may have been justified, but the initial result which merely the misbranding 
another railway bridge specification, does not seem the writer good begin- 
ning. The Committee can hardly claim superior knowledge the special branch 
the whole subject here considered, and granting that—as seems do—the 
graceful course would for the Society pin its approval the work 
the Association with such specific reservations might initially desired. 

The attitude the Engineering Profession throughout the world should 
considered. The wide acceptance abroad the specifications the Amer- 
ican Railway Engineering Association, shows that foreign engineers are look- 
ing American engineers for guidance the matter railway bridge 
practice. outsider looking for such guidance, the encountering two 
“American” specifications, much alike, would confusing and hardly 
productive respect for the two bodies involved. 

the possibility revising and reconciling the specifications: Know- 
ing the history the Specifications, and the attitude the 
members the committee which produced them, the writer can say that the 
need for revision is. always present and that the suggestions this Committee 
and others will receive cordial consideration. The ends the Profession can 
best served such current revision, rather than the adoption the 
report this Committee. 

Because the fundamental unsoundness the proposal adopt the 
Tentative Specifications, detailed discussion them would out place, 
but the writer cannot refrain from noting the absurdity the offer assort- 
ment column formulas Article 201. The confession that the Committee 
unable agree this minor matter confession weakness the whole 
work. not clear from the foot-note whether the intention perpetuate 
the choice column formulas settle one formula after the discussion 
and before the final adoption the specifications. either case, the fact that 
both the Society and the American Railway Engineering Association are 
record having adopted column formula—the work joint committee— 
should given weight. 

Because his interest the welfare and prestige both the Society 
and the American Railway Engineering Association, the writer wishes urge 
the withdrawal the Tentative Specifications and the substitution report 
adopting the Specifications, subject current revisions. The 
movement recently inaugurated the American Engineering Standards Com- 
mittee, have these two bodies become sponsors for American Standard 
Specification for Steel Railway Bridges, can helped quick and happy 
conclusion the action advocated. 


son the Tentative Specification with the 1920 Specifications for the Design 
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Steel Railway Bridges adopted the American Railway Engineering 
Association, discloses marked similarity. The two specifications are nearly 
alike form and substance that difficult understand why was neces- 
sary issue the new instrument under the sponsorship another society. 

During the last twenty years the specifications for steel railway bridges 
adopted the American Railway Engineering Association, have been accepted 
the standard guide for the design and construction steel bridges 
American railways. The Committee Iron and Steel Structures the 
Association has come recognized the world over the leading authority 
this subject, and even countries remote India, its work given 
great deal consideration the development specifications. Because 
this, the similarity the two specifications, together with duplication 
words the names the two organizations, can only result unfortunate 
confusion. 

conceded that the Specifications are not perfect. Some 
engineers are far from satisfied with certain features the rules design, 
particularly, the column formula. The method determining the required 
section the compression flange plate girders also has been criticized, and 
few bridge engineers have been disappointed because the specifications 
their present form not provide for the proportioning bridge members 
for maximum loadings and maximum stresses. reference these 
specific features that the Tentative Specification differs substance from the 
Specifications. The modifications proposed with respect these 
disputed points may comprise distinct improvements over the corresponding 
requirements the Specifications. Nevertheless, the writer 
believes that such improvement may accomplished far better through action 
the Committee responsible for the original specifications than through the 
agency the Committee the Society. That such changes improve- 
ments may forthcoming evidenced the fact that report the Com- 
mittee Iron and Steel Structures, for consideration the next Convention 
the American Railway Engineering Association, offers new formula for 
the design compression flanges plate girders which identical with the 
one embodied the Tentative Specification. 

The present rules for the design steel railway bridges, drawn 
the Committee Iron and Steel Structures, are the result process evolu- 
tion. They represent years work the Committee and many hours 
discussion Annual Conventions. Through this process, they have undergone 
gradual improvement and will continue through the combined efforts 
bridge engineers representing the railroads and other interests vitally con- 
cerned this work. Any benefits accrue from independent efforts the 
part others will largely neutralized unnecessary and confusing 
duplication. 


(by writer regrets that has not had 
opportunity study the Tentative Specifications detail, but notes that 
the main features, such loading, impact formulas, permissible unit 
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stresses, and quality material, substantially accord with the 1920 
Specifications the American Railway Engineering Association. the 
latter specification satisfactory the writer, has criticism offer. 


tions differ from the 1920 Specifications for steel railway bridges with fixed 
spans less than 300 ft. length the American Railway Engineering 
Association, principally the title. the 1920 Specifications are 
the expression, American railroad bridge engineers, their successful 
experience date, the design, construction, and use of, perhaps, nine- 
tenths the railroad bridges with fixed spans less than 300 ft. length 
service American railways, seems highly significant that the Com- 
mittee has found few changes necessary. 

Although there will necessarily variations experience, and frank dif- 
ferences opinion have been expressed, the 1920 Specifications 
have voiced the consensus the opinions the bridge engineers American 
railways. not assumed, however, that this the final word, 
knowledge the exact behavior number details still being sought. 

For instance, the American Railway Engineering Association arranging 
investigate, tests, the action bridge-pins and multiple 
girders, and intends continue co-operation with the Society the 
tests. Unless some other agency begins first, the Association may conduct, 
opportunity offers, thorough investigation plate girders, including compres- 
sion flanges, stiffeners, rivets, effect concrete encasement, etc. However, the 


Association has desire monopolize the field investigation bridge 


details and would any well qualified research enterprises, just 
cordially does all constructive criticisms its 1920 General Specifications 
for Steel Railway Bridges and its 1922 Specifications for Movable Railway 
Bridges. 

the two specifications just mentioned, the bridge engineers the rail- 
roads, their joint labors, have made sincere effort meet their own needs, 
and although open mind regarding the merits few alternate clauses, 
the writer believes the feeling that 1920 Specifications, revised 
from time time may found necessary, will reliable guide for both 
the designer and manufacturer. 


that the Tentative Specification for Steel Railway Bridges practically 
copy the Specification for Steel Railway Bridges issued the American 
Railway Engineering Association. fails see how can any benefit 
the Profession have the Society copy the Specification, 
how can increase the prestige the Society. The Specifica- 
tion suitable for some the trunk lines the United States, which roads 
always employ expert bridge engineers. Roads having expert bridge 
engineer are likely misled the proposed specification. not suf- 


Bridge Engr., Long Island R., Jamaica, 

Received the Secretary, March ist, 1922. 
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ficient state Article 104 that “for special cases the live load may 
varied required the Engineer”. There are various other Articles the 
specification that should modified meet the special requirements. 

The writer had hoped the Committee would draft general specification 
that would service the Profession whole. Such specification, 
his opinion, should emphasize the desired results, but not the methods 
obtain them. specification based this principle would help develop 
the art bridge building. 


tions for Steel Railway Bridges evidently cover only the broad field ordinary 
bridges. fortunate that they follow all essentials, the 
specifications the American Railway Engineering otherwise, 
they might cause confusion and lead results opposite what expected, 
that is, uniformity quality and serviceability. hoped that, 
eventually, common specifications for these ordinary structures may 
agreed co-operation the two 

The Tentative Specifications, like those the American Railway Engi- 
neering Association, are not applicable large bridges, even the smaller 
bridges uncommon type, and the question naturally arises where 
large bridges begin, where the applicability the Tentative Specifications 
ends. There may differences opinion this question, but there appears 
good reason why specifications cannot written that will cover the 
entire field bridge design. There much common ground the design 
ordinary and extraordinary bridges, and the field large bridges 
practically virgin insofar common understanding the fundamentals 
design concerned. 

That the American Railway Engineering Association set detailed 
specifications for ordinary railway bridges, with minute rules design, 
guide for the engineering forces the various railroads, readily com- 
prehensible. The task the Society, the writer believes, would somewhat 
different. his opinion, the work the Committee could made much more 
valuable, were conduct research work and set specifications, based 
thereon, applicable the entire field bridge design, particularly struc- 
tures not covered ordinary specifications. 

Naturally, such specifications could not cover details the same extent 
the Tentative Specifications, but that not necessary. They should cover 
the fundamental principles sound design, load, and stress assumptions, 
quality material and workmanship, applicable all kinds bridges, 
thus allowing wide margin for the ingenuity and judgment the designer 
the working out the style, general arrangement, and type details. The 
Tentative Specifications contain many features which should left the 
judgment the designer, such type truss, number trusses, arrange- 
ment certain details, features which are largely determined con- 
ditions other than excellence design. 


Cons. Engr., New York City. 
Received the Secretary, March 2d, 1922. 


q 
q 


DISCUSSION BRIDGE DESIGN AND CONSTRUCTION 913 


The true purpose specifications uniformity strength. too narrow 
and restrictive style and type design, they tend shackle originality 
and progressiveness, promote conventionality, and lack the necessary elasticity 
adapt themselves the ever-changing conditions. The Tentative Spec- 
ifications are limited, for instance, the use single grade ordinary 
structural steel, and ignore the fact that, recent years, number higher 
steels have found proper place bridges even moderate size. 

Some the more important features the Tentative Specifications 
which there appears considerable diversion opinion are the live 
load, impact formula, and unit stresses, more particularly the compression 
formula. 

Committee has properly retained Cooper’s engine 
loading. The writer, former occasion,* has expressed the opinion that 
there not sufficient ground for abandoning that loading. has become 
standard which railroad bridges can easily gauged carrying capacity, 
and should not lightly abandoned, unless another engine loading pro- 
duced that more truly representative the great variety present and 
future locomotives. Thus far, such loading has been produced. 

Compared with any equivalent uniform load, which, after all, must 
based actual weights, any engine loading possesses the not insignificant 
advantage conveying the mind truer picture the actual load. 

Cooper’s loading, both the engine concentrations and the uniform train 
load behind the engines, can adapted, simple proportion, not necessarily 
the same for both, the actual increase weight these train units, and 
the loading has thus sufficient flexibility for all practical purposes. 

106.—Impact.—The impact formula proposed the Committee, which 
agrees with the new American Railway Engineering Association formula, 
improvement over the old formula the Association, because results 
justified economy metal for spans longer than about 100 ft.; but 
less simple and retains the defect the old formula giving impact values 
that are too low for single-load concentrations and short lengths load, 

Mr. Seaman’s and the simpler one proposed Maj. Mount are 
better this respect and, for all greater span lengths, give sections (the only 
proper criterion for comparison) which differ not more than from 
those obtained the proposed formula. 

account its simplicity, the writer considers Maj. Mount’s formula, 


the other purely empirical formulas. 

All the previously mentioned formulas, used connection with basic 
unit stress 16000 Ib. per sq. in., result waste metal long spans 
of, say, more than 500 ft. This not due much the impact formula 
the low unit stress, but higher unit stress were allowed, the formulas 


Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), 2000. 
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would give too low values for short spans; other words, the impact formulas 
and the unit stresses are not properly correlated for all span lengths. 

200 
combination with unit stress 
20000 Ib. per sq. in., would give good results for all span lengths. 

Whichever the aforementioned formulas may adopted, the writer 
would recommend that the length, should taken mean the aggregate 
loaded length all tracks. This will result justified economy bridges 
with more than one track. Although comparative test results are available, 
only reasonable expect that the impact percentage decreases with in- 
creasing number tracks. 

Further, account the “cushioning” effect the ballast, rea- 
sonable expect, and the English tests, barring erratic results, prove, that 
‘the impact ballasted bridges considerably less than open-floor bridges. 
The writer, therefore, would recommend, pending further investigation, that 
ballasted bridges proportioned for only fraction, say, 75% the impact 
allowance open-floor bridges. 

The semi-empirical formula,* Gustav Lindenthal, Am. E., 


The simple empirical formula, 


1200 


whatever justification its derivation may have, the only one which takes 
all the factors mentioned automatically into consideration. combination 
with the high unit stress 20000 lb. per sq. in., gives reasonable 
results all cases.. 

For single-track bridges with open-tie floor and spans about 500 ft., 
results steel weights that agree fairly close with those the other 
formulas. longer spans, bridges with ballasted floors and bridges 
with more than one track, effects justified saving. 

Section Stresses and Column Formula.—The writer does not 
favor the use low unit stresses. would rather make liberal assumptions for 
the external forces and possible combinations such forces, and let the maxi- 
mum stresses under extreme conditions reach high values (close the elastic 
limit tension members and two-thirds the buckling strength compres- 
sion members), provided that design and details are excellent every respect. 

may apprehended that the indiscriminate use the proposed low 
unit ‘stresses for compression, particular, will result unnecessary waste 
metal. There appears justification for such low unit stresses for 


properly designed compression members small values These low 


stresses will encourage poor design under cover safe margin, rather than 


result greater safety. 
the writer’s opinion, the old American Railway Engineering Association 


formula, 000 connection with the unit 000 per sq. in. 
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for tension, gives safe stress for properly designed columns. The specifica- 
tions should prevent poor design prescribing suitable reductions the per- 
missible stress cases where thin unstiffened webs, flimsy latticing, such 
flat lattice-bars, wide unsupported flanges, composite parts the section 
without direct lateral support, are used. Such reductions have not been 
ciently provided for the Tentative Specifications. 

The Rankine formula favored Mr. Seaman unnecessarily complicated. 
Its apparent scientific form not justified, because the law of. proportionality, 
which its derivation based, does not apply the process buckling 
short columns, since the fiber stresses exceed that limit long before actual 
buckling takes place. 


For long columns, with greater than the practical limits, Euler’s formula 


the only correct theoretical formula. would applicable also shorter 
columns the modulus elasticity was introduced variable value for 
stresses greater than the limit proportionality. that form, proves the 


fact that the buckling strength very short column identical 


with the yield point, that is, the stress for which the modulus elasticity 
steel becomes zero. 


For intermediate values which comprise the entire range practical 


values, purely empirical formula and, the simplest form such, the 
straight line formula appears good any other. 

These remarks are made the spirit constructive criticism and with 
full appreciation the valuable work done the Committee the interest 
the Profession. 


general, very similar those the American Railway Engineering Associa- 
tion, now effect, but, being tentative, certain features merit discussion, 
not only assure the adoption logical specification the Society, but 
for the effect may have the revision existing specifications. 

Materials and workmanship have been highly developed and little difference 
opinion can exist these requirements; but there are various ideas 
the type live load and impact formulas which should used, and the 
allowable intensity working stresses, particularly for columns struts, 
and hoped that these subjects will receive such study and considera- 
tion will result reaching sound conclusions. 

admitted that the Cooper loading does not closely con- 
form with any type engine actually use, but nothing better has been 
devised and its use has become general, not only for the design new 
railroad bridges, but particularly for the rating existing bridges and 


engines, that doubtful whether should abandoned. seems 
quite representative the modern heavy engine ever was the 
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older and lighter engine, and now firmly established that the time for 
changing has probably passed, unless there the future some radical 
change engine car design. 

Impact possible that formula should used providing 
more than 100% impact for short spans. Some recent experiments indicate 
that such impact stresses exist, but, unfortunately, few tests have been 
made with American equipment. quite probable that, even under average 
conditions track and equipment, the impact stress short spans exceeds the 
live load, and tests sufficient number should made order arrive 
some correct formula. 

has been contended that the special loading for short spans, consisting 
two more heavy concentrations, safely provides for impact stresses 
excess 100%, but this may questioned. well known fact that 
individual axle loads locomotives may, and frequently do, exceed the 
average assumed axle load much 50%, with improperly 
adjusted spring hangers, and the specified concentrated loads can little 
more than provide for this contingency. 

Column Formula.—Each the three formulas proposed has many sup- 
porters, probably because one formula has been devised which theo- 
retically correct for any ratio and the ideal column, and which can 
modified give reasonably accurate results for the actual column, 
and yet such form that its use not too laborious. 

The straight line formula has little it, except its simplicity 
and the fact that does fit, with some accuracy, the results tests. The 
second term means little, mathematically, but merely approximation 
the decrease strength resulting from increase length. theoretic- 
ally incorrect, its values form straight line, whereas the actual values must 
approximate reverse curve. The values representing the strength 
steel column would not continue horizontally along the line, representing the 
yield point the material, intersection with the Euler curve, but would 
drop off between points representing the actual and apparent yield points 
before intersected the Euler curve, even bending was introduced before 
the critical load was reached. This results reversed curve which, for the 
actual column, accentuated its inherent defects, eccentricities, ete. 

Other formulas, more rational, giving accurate results and but little more 
difficult application, are available. The mere computation the per- 
missible working stress column small part the careful design 
thorough investigation such members, and the straight line formula has 
particular merit other than ease application, time discard it. 


The parabolic formula, 500 0.25 has much its favor and, 


although purely empirical, fits closely the plotted results tests and 
about easy apply the straight line formula for all ordinary values 


less than 160 170, where, often written, 000 0.25 becomes 


practically tangent the Euler curve. would appear that 13000 could 
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used safely for the first term this formula instead 500 proposed 
the specification. When this value used and the results are multiplied 
2.5, will seen that the curve falls well within even below the 
averages tests pin-end columns. 


000 


The Rankine formula, muitiplied the factor 2.5, 
500 
representing yield point 40000 becomes tangent the Euler curve, 


when the ratio tor about 300. too high values 


for values from 75, and too low values between and 250. This 


has been the principal objection this formula. The factor the second 
term the denominator cannot adjusted make the curve fit the tests 


for all values The curve, shown Mr. Seaman his discussion* 


this formula, made fit the average results tests flat end columns, 
multiplying the formula the factor 2.25. This does not make the 
curve tangent the Euler curve and assumes the yield point the material 

Inasmuch three formulas have been proposed, apparently without agree- 
ment, the suggestion another one may not welcomed, but seems 
the writer that the secant formula well worth consideration. theoret- 
ically correct for all lengths the ideal column centrally eccentrically 
loaded, and the assumption one factor will properly provide for any 
inherent eccentricities and defects the column. With very small values 


the working stress approaches the allowable fiber stress and, with 


increasing values the formula approaches the Euler formula, which 


known correct for long slender columns. 
Its curve closely follows that the parabolic formula, for columns cen- 
trally loaded, but contains factor for eccentrically loaded columns; and, for 


such columns, the term, representing one-half the width, takes into account, 
some extent, the shape the section. 
The formula usually written is: 


which may written: 


Proceedings, Am. Soc. E., December, 1921, 715. 
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which, 
area column section; 


average stress; 


working stress; 
eccentricity application load; 
distance axis outer fiber. 


there eccentricity. increases, approaches the value, and 


the formula becomes the Euler curve, when there eccentricity. also 
indicates that does not increase the same proportion 
using the ordinary column formula for eccentrically loaded column, 


the average stress is, Whereas, Formula (2), the term, 


This formula not widely used and has apparently not received the con- 
sideration deserves, perhaps for the reason that more difficult apply 
than many other formulas. expanding the secant term and using only 
the first two terms the series, the formula may simplified, and becomes: 


which, 


value, including —,, where known eccentricity occurs, 


and factor provide for unknown eccentricity and defects, and 
for the condition end column, whether pivoted, hinged, 


fixed. 


may said that the formula now only empirical one, with value, 
selected form the desired curve. Although not easily recognized, 
still contains the bending factor. When the third term the expansion 
series included, slightly different values are obtained, but the equation 
becomes more complicated and its inclusion scarcely justified for any prac- 


Inch 
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suggested form not forbidding enough condemn it. 


tical purpose; but with tabulated values the formula this 
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18. 


The values (with 29000000 and 16000) and with values 
(0.2 0.0015 K), (0.1 0.002 K), and (0.0025 K), have been plotted, 


Fig. (Curves D,, D,, with the three other formulas proposed. Curve 
0.2 0.0015 K), practically coincides with the parabolic formula 
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through long range values and gives maximum value 000, 
corresponding the parabolic and straight line maximum values. Curve 
0.1 0.002 K), gives maximum value about 14000, corresponding 
the maximum value allowed with the Rankine formula. Curve 
0.0025 K), gives maximum value 16000. When the values are multi- 
plied 2.5, the curves, D’,, D’,, D’,, touch the Euler curve, when equals 
200 250. 

must remembered that with increase the value from, say, 
000 the values not increase the same proportion, with 
the same value This peculiar the secant formula and due 
different functions both sides the equation. 

interesting note that when assumed zero, which would 
the case for the ideal pivoted columns, and 16000 (Curve D,), the 
values 16000 until value 120 reached, where the curve be- 


comes or, 000, the curve becomes with The Euler 
1 


curve for pivoted columns and the other terms the expansion series 


were retained, the curve for larger values would more nearly approach 
equal 
Average values the Watertown tests pin-end columns have been 
plotted, with 2.5 times the values given the various formulas, includ- 
ing the curve, B’, (13 000 0.25 will noted that Curves D’,, 
B’,, and fall along the lower averages; Curve D’, passes through the mean 
the averages. The Rankine curve, C’,, exhibits its well known defect, 
namely, cutting across the field, being high for low values and low for 


higher values When known eccentricity occurs, the term, 
puted, and this was, say, 0.25, the term, (Curve D,), would become (0.45 
0.0015 K), or, for Curve D,, would become (0.25 0.0025 K). 

The value this formula for investigating eccentrically loaded column 
can best illustrated concrete case. Assume the usual upper chord sec- 
tion the box type, open one side, having, 


com- 


66.8 sq. in. 11:8 
rT 


The safe load, for the column will computed the formula, 
2 
500 and the modified secant formula, using 0.2 0.0015 


(Curve D,), and for values 50, 100, and 150. will noted from 
Fig. that the two curves are almost identical for this range The 
computed values are given Table 
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TABLE 
PARABOLIC FORMULA. SECANT FoRMULA. 

2 P1 Pe 

=—_ = = = =pA — 

875 870 625 900 960 665 300 106.3 
100 000 890 527 100 1.617 190 547 100 
150 875 430 700 1.792 740 400 104.4 


possible that the Committee eliminated the secant formula after due 
consideration and that was the intent limit the discussion column 
formulas the three proposed the Tentative Specifications. However, the 
secant formula, either the original some modified form, rational 
and has many good qualities that any discussion column formulas would 
not complete without including it, and the writer can recommend 
interesting study that, time, may lead its more general use, which 
believes deserves. 

one desiring use the formula this modified form. The values are shown 


for values varying 10; for any intermediate ratio, the value can 
obtained interpolating, with accurate results. 


TABLE 6.—VALUES TERMS MODIFIED SECANT FORMULA 


b\2 
110 12100 587 0.365 0.320 784 000 
120 14400 056 0.380 0.300 257 792 
19600 918 0.410 0.380 0.350 189 376 000 
160 25600 0.440 0.420 0.400 144 992 000 
4014 0.455 0.440 0.425 128 448 000 
200 40000 0.500 0.500 0.500 800 000 
280 480 0.620 0.660 0.700 360 000 306 
300 289 0.650 0.700 248 000 


are divided for from 200 300. 
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Otis Hovey,* Am. Soc. (by character the 
Tentative Specifications for Steel Railway Bridges presented the Special 
Committee disappoints the writer. had hoped that the Committee would 
take advantage its opportunity and prepare and present general specifica- 
tion for bridges instead following the old practice attempting prescribe 
minute details construction. The specification presented seems more 
like set instructions for the use bridge draftsmen than true specifica- 
tion. For many years, the tendency has been for railroad engineers specify 
more and more concerning relatively unimportant details. One noticeable 
result this procedure that the younger designing engineers gradually 
become satisfied observe carefully the printed rules. They are not encouraged 
think deeply the problems entrusted them. Initiative not stimulated, 
and advances design and methods construction are not encouraged. 

perfectly proper for the engineer railroad describe detail 
just the kind bridges may wish use his own road; but the writer 
feels that the Society should attempt prepare genuine general specifica- 
tion, laying down such requirements are vital good design, suitable 
materials, proper workmanship, and construction, leave the field those 
who wish express their personal preferences for certain details through the 
medium their specifications. 

thoughtful study the regulations prescribed law France might 
assist one approach the problem from standpoint quite different from 
that the Committee. These regulations are general character, and 
brief paragraph the second article the Act August 29th, 1891, states 
that “these formulas are given matter information only and not 
limit any way the initiative the engineers, who may employ any method 
which they may deem expedient”, and this refers vital matter unit 
stresses. 

this the nucleus the whole matter. The Society should endeavor 
stimulate and not hamper the development the best principles bridge 
design. The Society should encourage thought, originality, and initiative 
its members; but, the same time, should sure place before them 
the broad general principles followed and epitomize the experience the 
many thoughtful and competent engineers who have given their best efforts 
the development good practice bridge design and construction. 

The writer had intended limit his discussion the general principles 
previously mentioned, but has been requested present the following method 
designing the latticing compression members. The method not new, 
having been used for many years, but may value, developed with 
special reference the Rankine column formula Article 201 the Tentative 
Specifications. 

The Rankine column formula which, form, easily derived from the 
Euler equation, may stated follows: 
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which, 

the total axial load the column, 

its area, 

the permissible maximum fiber stress, 
its length, 

its radius gyration, and 

experimental constant. 


a 38 


For short column, S,so evident that the expression, in- 


troduced provide for bending stresses column material length. 
solving for 


and the portion, the allowance for bending expressed unit stress, 


one may write 


bent column with round ends will take the general form shown Fig. 19. 
order arrive method calculating lattice bars, may assumed 
as, least, approximation, that the forces acting bend the under 


axial load may replaced horizontal unit load acting uniformly 
over the length the column. 


per unit length 
19. 


Referring Fig. 20, the bending moment the middle the column will 
then be: 


and may write: 


which the extreme fiber stress due 
bending, the moment inertia the 
column section, and the distance the 

extreme fiber from the neutral axis. 
ing the equivalent value, 


! 
' 
20. 
’ ’ 
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hence, 


and, 


Equation (1) takes the form, 


Equation (3) becomes 


the shear the end lattice-bars the column. the bars 
make angle with the axis the column and the column latticed 
two sides, the stress each lattice-bar becomes 


for single lacing; 
and, 


for double lattice. 


The compression formula the American Railway Engineering Associa- 


ner, the allowance for flexure corresponding the term, reduced 


shear right angles the column found be: 


The values and are the same form given for the Rankine formula. 
The column formula given the Specifications 1920 


will interesting compare the values obtained from Equations 
(4), (5), and (6), actual column. For this purpose, assume column 
and 29.48. Assume column lengths from ft., varying intervals 
ft.; the capacity the column for each length, and find values 
for each length. The results are given Table 
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TABLE 


500 


Total 
feet. inches. stress square column, bars, column 


° 


53.0 238 23.52 400 540 010 1.61 
57.4 860 802 500 280 1.75 
61.9 455 292 900 890 500 1.88 
66.3 069 900 040 710 2.01 
70.7 274 600 170 900 2.15 
282 265 390 050 2.28 
79.5 256 200 370 180 2.41 
84.0 508 247 200 450 290 2.54 
88.4 133 238 400 520 390 2.68 


values from the column previously mentioned, found equal 4470 


and the lattice-bar stress 45° and this value constant for 


all column lengths. 


and the lattice-bar stress 45° 4820 lb. This also constant for all 


(by specifications are very similar 
to, and the most important features are identical with, the General Specifica- 
tions for Steel Railway Bridges for fixed spans less than 300 ft. length, 
adopted the American Railway Engineering Association 1920. 

account the fact that the Tentative Specifications have span 
limit, certain modifications are due. other cases, minor changes are made 
very good one, and one that will used railroad engineers the design 
steel railway bridges almost entirely, regardless whether the Society 
adopts similar specification. From the writer’s point view, 
mistake this time publish two specifications nearly alike. the 
Committee feels that the Specification should modified 
some respects, the proper course would have that specification modi- 
fied. acknowledged that not correct every detail, and some 
changes will requested the Committee the 1922 Convention. 
seems, therefore, that the Society should either adopt the Speci- 
fication for spans less than 300 ft. length, suggest certain changes 
the Association, and confine its work spans longer length, rather than 
attempt cover the same field with similar specification. 


Received the Secretary, March 4th, 1922. 
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(by Tentative Specifications are much 
like the Specifications the American Railway Engineering Association that 
they practically amount revision them and, for that reason, the writer 
hopes that, some future date, the two Societies may able agree 
joint specification. 

the following articles, the writer disagrees with the Committee, and 
suggests certain changes. 

12.—Spacing the last five words: “one-twentieth 
the span” “one-fifteenth the there apparently ordinary 
span length for which such close spacing trusses girders would used. 

13.—Clearance.—Change the last sentence read: “The required super-ele- 
vation the outer rail shall specified the purchaser.” The requirement 
for this varies considerably and the purchaser should always decide. best 
word this Article that this requirement will not overlooked. 

Floor—Change the first sentence read: “Ties shall 
not less than ft. long, spaced not more than in. apart, and dapped in. 
over the lowest part the girder, but tie shall dapped more than in.” 

The sentence relative securing the girders stringers against bunching 
“by wooden guard-rails, in., notched in., and fastened each tie 
bolts,” should changed read: “by wooden-guard rails, in., 
with wooden spacers in., spiked same. The guard-rail shall 
fastened every tie with bolts.” 

Present rolling stock heavy that open-floor bridges the maximum 
spacing ties should not more than in. derailment, ties will 
generally bunched and broken with 6-in. tie spacing, whereas with 
4-in. spacing, the writer cannot recall having seen anything worse than the 
tops cut and splintered some the ties. The maximum depth which 
the ties are dapped, should specified, otherwise the cut will too 
deep heavy girders where the flange plates would several inches thick. 
Notching the guard-rails in. over the ties expensive and little use, 
the 1-in. slab generally splits off. cheaper and much better use spacers 
spiked the guard-rail. 

the third line, this Article, there should 
added between the words, “rail”, and “the weight”, the following, “and the 
weight same shall taken 120 per cu. ft.”. This gives safe average 
weight, and doubtful whether calculating the weight materials would 
give much closer results, one cannot tell just what material will sup- 
plied for ballast. 

102.—Loads.—The loads for which stresses are are 
important that they should made stand out more clearly being printed 
separately column form. 

104.—Live Loads.—The proposed live load seems quite 
tive the general type present equipment, any loading that could 
devised. convenient form, familiar both engineers and 
tables and diagrams all kinds, pertaining its use, have been published, 


Special Bridge Engr., Michigan Central R., Detroit, Mich. 
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and until there decided change the present type locomotives, the 
proposed live load should used. 

Tracks—For three-truss deck span with the outside 
trusses ft. apart, the load the center truss, using the percentages speci- 
fied, would be: For four tracks loaded, 2.8 for three tracks loaded, 2.8 
and for two tracks loaded, 2.7 With the outside truss ft. apart, which 
not improbable condition, the load the center truss for four tracks 
loaded, would 2.57 for three tracks loaded, 2.63 and for two tracks 
loaded, 2.64 

This does not seem consistent and the reduction for four tracks loaded 
should not more than per cent. Although self-evident, the writer 
believes would best make clear that the reduction for the outside 
trusses 10% and not 30%, three-truss four-track bridge. 

probably true that the impact stresses very short 
span bridges are somewhat higher than the proposed formula would give, and 
would desirable tests could made short spans with the equip- 
ment used the United States. Until that done, there would seem 
necessity for changing the proposed formula. trouble has been had 
with the short spans designed for 100% impact. 

impact formulas are used which the loaded length means the aggregate 
loaded length all tracks bridges carrying more than one track, would 
best make the definition for web members clear this point, 
mistake this respect would further penalize trusses multiple-track 
bridges. 

Stresses—Of the three column formulas proposed, the writer 


prefers the parabolic formula, but would make read, 000 0.25 


The shear plate-girder and webs given 10000 lb. per 
sq. in. for net section. Should this not gross section? preferable 
‘specify the stress the net section, but that case, should lb. 
instead 000 Ib. 

Cast steel not reliable tension structural steel and the per- 
missible tensile stress should reduced 10% from that structural steel. 

The writer thinks turned bolts with driving fit are good field rivets 
and that the reduction for both should the same, preferably per cent. 

The clauses which define the permissible bearing stress masonry should 
transposed come after the clause defining the bearing expansion 
rollers. 

206.—Combined third line this Article reads, “so that 
the combined fiber stress will not exceed 16000 per sq. in.” the 
intention allow the same combined fiber stress for compression for 
tension 

the writer’s opinion, the combined fiber stresses should not exceed the 
unit stresses specified Article 201. 

designed rivets should used when the 
grip exceeds five times the diameter the rivets, least for field rivets. 


| 
| 
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Rivets Ends Members.—Add the third line, after 
“width”, the words, “or depth”. 

Legs width ten times the thickness, 
for outstanding legs stringer angles, much should allowed, where 
they are not reinforced flange-plates. 

writer prefers full splicing compression members 
well tension members, believes that, even with the greatest care, 
there not full uniform bearing all the joints after the bridge erected. 

minimum length pin-plates should specified. 

Solid Floors—The writer has found that when the 
specification worded like this one, there always doubt about how 
defined. should clearly stated, whether not the net section 
both the top and the bottom flanges shall used for designing both flanges. 
The writer’s practice design the top flanges for the moment inertia 
the entire gross section and the bottom flange for the moment inertia 
the entire net section. This gives satisfactory results. The same remarks 
hold true for Article 602, “Design Plate Girders.” 


606.—Thickness Web-Plates.—It seems that gives web that 
not proportion with the heavy girders required for the loading specified; 


the writer would increase this 


not the elongation 22% in. out place this 
seems belong Article 916. 

and specifying only that, “the cast- 
ings shall free from injurious defects”, leads disputes with the shop, 
and the writer would propose add after the last sentence, the following: 
“The finished casting shall show blow-holes exceeding sq. in. area 
in. length, and the aggregate length blow-holes cut straight line, 
laid any direction, not exceed in. ft. 

word “may” the last line this Article should changed 
“shall”. 

1004.—Rivet Holes Punched will considerable difficulty 
punching five thicknesses such heavy metal, and live the test for 
matching holes prescribed Article 1005; the writer’s opinion that 
in. should the limit for full punching. 

Rivets provision for 15% plus rivets 
excess over the nominal number, rather large. The writer’s experience 
10% plus rivets plenty. 

1018.—Screw the first line, change the words “ends” read 

1019.—Welds.—In view the preference given these specifications 
steel castings for important bearings, the writer believes mistake 
permit any welding done such castings without safeguarding the 
work the following additional statement: “Welding defects steel 
castings, even minor nature, will not allowed except special 
mission the Engineer.” 


Papers. 
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1020.—Bearing top and the bottom surfaces base and 
cap plates columns and pedestals, except where they are contact with 
masonry, shall planed hot-straightened.” The writer can see reason 
for not attempting obtain good bearing for columns required for 
plate girders the same Article. 

the second line Paragraph (c) this 
Article, after the word “drawings”, add “deducting for caps, cuts, and open 
holes”. 

Paragraph (d), the addition 10% for fillets and over-run too liberal, 
the writer thinks sufficient. 

necessary ship bolts, rivets, baggage car during erection, and 
packages shipped this manner should not weigh more than 200 lb. 

1202.—Surfaces Contact.—Linseed oil alone does not seem proper 
coating for surfaces contact. The old-fashioned way using heavy coat 
paint each surface objectionable, because makes difficult get 
tight rivets heavy work, but there should some pigment mixed with the 
linseed oil, just enough that the paint will not streak and run vertical 
surface. red lead paint mixed the following proportions would satis- 
factory: 100 lb. red lead paste, mixed lb. linseed oil 100 dry 
red lead; 0.2 lamp black; and 3.5 gal. boiled linseed oil. 

1206.—Machine-Finished joints and base-plates should 
have some covering, even means little trouble cleaning them, they 
may have lie around long time. The writer believes covering them with 
heavy lubricating oil and wrapping them with burlap. 


issuance the Society steel railway bridge specification this time 
appears doubtful expendiency, the proposed specification similar 
all essentials that drafted some years ago the American Railway 
Engineering Association. 

The latter specification, since its first publication, has been subjected 
thorough discussion and investigation, and has been revised order 
make date all respects with present-day knowledge and experience. 

would seem that the interests economy and progress the fabrica- 
tion steel structures can best served the adoption single standard 
specification. Such specification will tend uniform quality both 
material and workmanship and will further eliminate doubt the require- 
ments the purchaser. 

The specification has become well known and has gone far 
toward the standardization American shop practice regard railway 
bridges. view the similarity names the originating bodies, the 
entrance into this field competing specification would result confusion 
and uncertainty. This same confusion would also apply the drafting rooms 
the bridge companies, with consequent errors and delays the preparation 
and approval plans. 


Bridge Draftsman, Baltimore Ohio R., Baltimore, Md. 
Received the Secretary March 23d, 1922. 
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appears the writer, therefore, that the efforts the Society will 
greatest benefit its influence exerted toward securing wider adoption 
the specification, which has been evolved body that will 
have the closest interest the use and application the specification its 
own special field engineering. 

For these reasons appears that the Society should refrain from issuing 
steel railway bridge specifications until the need for them becomes more 
apparent. 


desirable have common specification issued the American Railway 
Engineering Association and the Society. The writer would regret have 
new set specifications added the large variety already use. 

The Tentative Specifications are intended for railroad work unlimited 
span lengths, whereas the specifications the are for spans 
300 ft. length. The writer much prefers the latter method and believes 
wiser issue special specifications for the spans long lengths. Many 
special features and special materials are involved structures long spans, 
which cannot covered general specification. 

Article writer does not favor the requirement that material 
ordered prior the approval the shop drawings shall the risk the 
Contractor. The time delivery generally will too short permit order- 
ing material after the approval the shop drawings. Probably would best 
omit any reference the ordering material and let each contract 
decided according the conditions prevailing regards delivery, complete- 
ness design drawings, necessity for layouts prior ordering material, 

Article Article would modified the limit span length for 
these specifications was 300 ft. 

Article 12.—If the limit for span length was 300 ft., the width, center 
center trusses, should not less than one-fifteenth the span length. 

Article “Square spans with floor system and skew spans with 
ballasted floor shall preferably have end floor-beams.” 

Article 102.—After “longitudinal forces”, add, “and the combination 
these stresses used proportioning the member. plate girders the maxi- 
mum shear moment shall given intermediate points where 
necessary for detailing.” 

Article this Article: minimum live load consisting 
train weighing 200 per lin. ft. one track, shall used combination 
with lateral forces”. (Article 109.) 

Article 105.—After “impact”, add, “and centrifugal stresses any.” 

Article 106.—There often question the value assumed for the 
impact formula. the value for the floor system not mentioned. The 
writer would suggest that this Article made clearer writing: span 


length for chords, end posts and flanges girders and loaded length 


partial loading counting from first driver end span. For floor-beams, 
the sum the panel lengths each side shall taken the loaded 


Div. Engr., American Bridge Co., Chicago, 
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Article Article should read: “For bridges designed exclusively 
for power service, etc.” clause should added, specifying the 
impact allowance for bridges having ballast floor. suggested that 75% 
the regular allowance used. The last sentence this Article should 
read: “Impact shall not added stresses produced longitudinal, lateral, 
centrifugal forces.” 

Article percentages given this Article cannot under any 
condition overloading produce sections exceeding those produced the 
regular loading. The desired result can obtained changing the iast 
figure per cent. 

Articles 109, 110, and Articles, written, permit more than 
one interpretation. The lateral forces should considered two kinds, 
namely, first, actual wind force, tending overturn the structure; and, 
second, such effects horizontal impact and vibrations, which cannot con- 
sidered affecting the structure whole, but only the bracing. With this 
idea mind, suggested that these articles re-written, follows. The 
minimum live load mentioned Article 111 now included Article 104, 
among the other live loads specified: 


“Article wind force per sq. ft. times the vertical 
projection the structure plane parallel its axis, shall assumed all 
spans and viaduct towers, when subject live load, and the resulting effect 
all parts the structure ascertained. all spans, this wind force shall 
taken not less than 200 lb. per lin. ft. the loaded chord and 150 per 
lin. ft. the unloaded chord. 

“Article 109b—A wind force the train, taken moving load, 
300 Ib. per lin. ft. one track, applied ft. above the base rail, shall 
assumed for all spans and viaduct towers and the resulting effect all parts 
the structure ascertained. 

“Article wind force lb. per sq. ft. times the vertical 
projection the structure plane parallel its axis, shall assumed 
all spans and viaduct towers, when not subject live load, and the resulting 
effect all parts the structure ascertained, including anchorage. 

“Article lateral force 10% the specified live load one 
track, acting moving impact load, but not exceeding 900 per lin. ft., 
shall assumed affecting the bracing only the loaded chord all spans; 
but this lateral force shall not considered being passed into bracing 
viaduct towers. 

“Article lateral bracing between compression members all 
spans and between the legs viaduct towers shall have dimensions not less 
than those determined lateral force, which shall considered pro- 
ducing transverse shear equal 24% the total axial stress the braced 


members any panel. 
“Article determining the effect the lateral forces the main 


members all spans and viaduct towers, Articles and should 
combined, Article should used alone. determining the effect 
the bracing, Articles and 110a should combined, Article 


should used alone.” 

Article seldom, ever, happens that the brakes are applied 
with such force that all the wheels the train slide the rails, whereas 
the drivers frequently slide the rails starting the train, seems rea- 
sonable provide for longitudinal force only 20% the load the 
drivers; and order take advantage the fact that the continuity 


is 
; 
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the track helps spread the effect over some distance, the following word- 
ing this Article proposed: “Provision shall made the design for 
the effect longitudinal force 20% the load the drivers one 
track only, applied ft. above the top the rail. The traction effect shall 
considered spread uniformly over distance 300 ft.” 

Article 114.—The writer cannot conceive any case, ordinary 
bridge, such these specifications are intended cover, which temperature 
stresses need taken into account. regard such stresses the bracing 
viaduct towers, Article 802 covers that case. proposed that Article 
114 omitted. 

Article 201.—As now stated, the requirement 16000 Ib. unit stress net 
section, extreme fiber girders conflicts with Article 602. The following 
wording this line proposed: “Tension extreme fiber rolled shapes, 
built sections, and girders proportioned their moments inertia, net 
section (see Article 602), 16000 per sq. in.” 

The line referring shear webs 10000 per sq. in. net section, 
should read: “Average shear plate-girder and webs, gross section, 
Ib. per sq. in.” 

the shear along the depth the web varies considerably from about 
000 and more the center zero the edges, the average should 
specified. seems inconsistent specify shear net section, inasmuch 
impossible have web fail pure shear without ripping the plate 
along the whole depth the outside the rivets. 

Shear and bearing value are reduced 15% for field rivets. This very 
objectionable changes the number rivets for field connections 
trusses. adds considerable work, inasmuch the shop-riveted connections 
are often changed field-riveted connections and vice versa. The writer 
likes the specification better, which the values for shear and 
bearing are reduced 25% for countersunk rivets, hand-driven rivets, field 
rivets floor connections, and turned bolts. 

Article requirement this Article makes unnecessary 
specify any limit the horizontal shear the root the angles, which has 
been set the specifications 1920 4000 per sq. in. 
Furthermore, the following articles will prevent the use section, which 
will not satisfy theory well good practice, namely, Articles 304, 316, 
603, 604, and 606. Article 603 will especially prevent the use 
except the most extreme cases. the maximum shear and maximum moment 
cannot ordinary bridgework, except floor-beams cross-girders 
supporting two lines stringers other construction similar nature, 
would seem advisable point this out the Article, order avoid use- 
less speculation this disputed point. stringers and deck and through 
girders, would take unusual type girder and one which the web 
heavier than the flange angles order obtain shear the root 
the angles, and for ordinary cases, which the angles are the same 
thickness the web, thicker, not possible get shear the root 
the angles greater than 2500 assuming, both cases, that the web 


2 
; 
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for average unit shear 10000 lb. examination the 
formula for shear shows that so. the formula for unit shear, 


which the area the flange above outside the point which the 
unit shear and total flange area, the following result would 


A,. 
obtained. the end the girder, where maximum, about one- 


half and assuming each flange angle have the same thickness the web, 
would have 2w, which the thickness the web. the 
assumption allowable average unit shear 10000 lb., have, 

and, therefore, 


lb. 


near the center the girder, the external shear about 0.3 the 


A,. 
maximum, and close 0.9, hence, 


For the case where the maximum shear and maximum moment occur 
the same section the unit shear may greater than the root 
the angles, but invariably the maximum diagonal tension the web will 
reached before the unit shear the angles exceeds 4000 Ib. one takes 
girder which the shear would call for web in., whereas the 
moment would only call for flange two angles, in., one obtains 
diagonal tension the web 16050 Ib. against shear the angles 
4000 proposed that Article 202 worded, follows: “The diagonal 
tension webs floor-beams and cross-girders similar construction 
points where maximum shear and maximum bending occur simultaneously, 
shall not exceed Ib. per sq. in.” 

Article not possible design any truss, whether pin-con- 
nected riveted, without introducing secondary stresses, the writer would 
propose word the first sentence this Article, follows: “Designing and 
detailing trusses shall made with view avoiding secondary stresses 
much possible.” 

Article plate girders should have the same gross section 
area. determining the tension flange accordance with Article 201 and 
others, and the compression flange according Article 209, would yield dif- 


modified, for convenience analysis and allowable approximations to, 
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ferent gross sections the two flanges, they should made like the greater 
one. therefore, that the words “shall not less than” 
changed “shall equal to”, and that the reference omitted. 

Article read: “The effective area single angles (with 
without lug angles) tension shall assumed the net area the con- 
nected leg plus 50% the area the unconnected leg. The effective area 
two more angles tension, riveted together, the net section the sum 
the angles.” 

Article this Article, “Connections shall have strength 
least equal that the members connected.” This provision generally 
hard interpret and follow and leads argument and changes approval. 
This good opportunity specify when lug angles shall used. Change 
this Article read: “Connections shall have strength equal least 
the stress the members connected and shall made, nearly 
ticable, symmetrical with the axis the member. Connections for laterals 
shall contain least three rivets and for single-angle laterals, lug angles 
shall not used for connections requiring six less rivets.” 

Article 310—Change this Article read: 

“The minimum distance between centers rivet holes shall three 
diameters the rivet, but the distance preferably shall not less than 
in. for rivets, in. for rivets, in. for 1-in. rivets, in. for 
rivets and in. for rivets. The maximum pitch the line stress 
for members composed plates and shapes shall follows: 


“For angles with two gauge lines and rivets staggered, the maximum pitch 
each line shall twice the above. two more web-plates are used 
contact, stitch rivets shall provided make them act unison. Between 
the flanges, stitch rivets shall spaced not more than twenty-four times the 
thinnest plate longitudinal transverse direction.” 

Article exact edge distance from the center any rivet 
sheared edge should given, instead rule for calculating each one. The 
13-in. edge distance sheared edge for {-in. rivet generally used. 
the Society rule, times in. would make the edge distance 134 in. and, 
consequence, many details would changed because this difference. The 
following minimum edge distances from the center any rivet sheared 
edge are recommended: 


Article this Article: rivets 5-in. legs and 
rivets 4-in. legs.” 

Article 318—Change read: “The grip rivets carrying calculated 
stress shall generally not exceed in. for 1}-in. rivets, in. for 14-in. rivets, 
in. for 1-in. rivets, in. for rivets and in. for rivets.” The 
rule given the specification too tedious apply. 

Article advisable state this Article more plainly and the fol- 
lowing proposed: 
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“The lacing compression members shall proportioned resist 
transverse shearing stress 24% the direct stress. One-half this 
shearing stress shall resisted the lacing each side (cover-plates con- 
sidered lacing). stress the individual lacing-bar shall taken 
the component the shear the direction the bar, case single lacing 
used and half the amount double lacing used. The thickness the 
bar shall determined the compression formula Article 201, which 
shall taken the distance between connections the main sections, and 


the value the bar shall not exceed 140 for single lacing and for double 


lacing not riveted the intersections and 170 for double lacing riveted the 
intersections. Double lacing intended carry tension only may used 
combination with lacing struts angle channel shape each panel 
lacing. The minimum width lacing bars shall in. for 1-in. rivets, 
in. for rivets and in. for rivets.” 

Article substance this Article fully covered the recom- 
mendations affecting Article 319, and should omitted. 

Article great many cases fabricated bridges 


shows that the value the segment between connections never exceed 


the limits set this Article and, therefore, that 
omitted. 

Article case the distance between rivet lines the segments 
in. less, single lacing 60° inclination too crowded. The 
writer, therefore, would recommend the following wording after the first 
sentence: “If the distance between the rivet lines the flanges less than 
in., 45° shall used for single lacing.” 

Article formula given always furnishes net section larger than 
the actual net section computed along diagonal lines. For railroad work, in. 
and larger sizes are used splices and gusset-plates. The spacing rivets 
generally in. for rivets and in. for 1-in. rivets. Why not, then, 
change the in. in. the formula and avoid calculating net section 
this formula for all cases where the spacing rivets in. more from 


the plane considered. The formula, then, should read 


Article 329.—Change read: “Where necessary secure the required sec- 
tion bearing area, pin-holes shall reinforced plates. These plates 
shall connected transmit and distribute the bearing pressure pro- 
portionally over the full cross-section with minimum eccentricity. 
least one full-width plate each segment shall extend least in. beyond 
the near edge the stay-plate, due consideration being given the treat- 
ment for forked ends (Article 332).” 

Article 880.—Adding two extra lines rivets for each intervening plate 
not logical for all conditions. The writer would recommend that for each 
intervening plate excess 30% the total number rivets required, 
added. 

Article statement that the extended filler should secured 
sufficient rivets indefinite. that the extended 
the filler contain least 30% the total number rivets. 


| 
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Article common understanding the word “hinged” com- 
plete pin-hole the two elements the shoe. there tendency, 
ordinarily, for the span lift off the shoe, there necessity for any 
such arrangement. recommended that the word “hinged” changed 

Article this Article also, the word “hinged” should changed 
“rocker”, and after the word “center the pin” should added “or ridge 
bearing.” 

Article 341.—In this Article, also, the word “hinged” should changed 
“rocker.” 

Article 405.—After “stringers through spans shall riveted between the 
floor-beams,” add: “and rest top floor-beams for deck truss spans.” After 
“shelf angles shall provided the floor-beams,” add: “where necessary.” 

Article the heading read “Stringer Bracing.” Change the 
Article read: “Top lateral bracing shall used for stringers when the 
panel lengths exceed two lines stringers are used under each 
track panels more than ft. length, they shall connected cross- 
frames.” 

Article 502.—Change read: “Top lateral bracing shall provided 
all through spans having sufficient head-room, all spans over ft. 
length, and deck spans, except plate-girder spans carrying solid floors.” 

Article “lateral” add “and centrifugal.” 

Article 602.—Add the words: “centers gravity” the first sentence, 
“and method Article 209 for computing compression flanges.” 

Article 607.—After “wheel load” add “without impact.” 

Article 608:—Add the sentence: “The splices flange members, used, 
shall designed with 10% excess.” 

Article 609.—This should written more clearly; change the first sentence 
read: “Splices web-plates shall equal strength the moment 
the web (one-eighth the web assumed act with each flange) and the end 
shear.” Add Article: “Web-plates shall symmetrically spliced plates 
each side.” 

Article 610.—Omit all reference milling, this refers workman- 
ship and covered Article 1021. Change this Article read: “Stiffener 
angles shall placed end bearings and points concentrated loads. 
Such stiffeners shall not crimped and shall have outstanding legs pro- 
portioned for bearing and extending nearly practicable the edge 
the flange angles.” 

Article writer would prefer this Article read follows: “If 
through plate girders project ft. more above the base the rail, the 
upper corners shall rounded. multiple-span bridges usually only the 
extreme ends shall rounded. ends through girders shall 
neatly finished with end plates.” 

Article “shall extend in. into the masonry” “shall ex- 
tend least in. into the masonry.” 

article should added relating camber for plate girders 
found that there uniformity for the various railroads. The writer would 
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recommend that for girders having depth greater than one-twelfth the 
length the span, that cambet omitted. camber required, shall 
the span length. 


Article writer would recommend that this Article changed, 
follows: “The top chords and end posts shall made two segments 
with cover-plate and shall have stay-plates and lacing the open side. 
The cover-plate shall not exceed in. thickness and the section area re- 
quired, and Article 315, should call for cover-plate more than in. 
thickness, symmetrical section shall selected having transverse diaphragms 
every ft., addition stay-plates and lacing the open sides. 

Article this Article read: “For spans 200 
inclusive, provide camber increasing the top chord lengths in. per ft. 
For longer spans, the length members shall such that the camber will 


equal the deflection produced the dead and live loads without impact.” 


Article 704.—Under unit stresses, the bearing allowed pins 
per. sq. in. and tension rolled shapes 000 lb. per sq. in., ratio 
the ratio three-fourths Article 704 used, the bearing value the 
pin less than 24000 lb. The ratio should changed 
3.” 

Article 802.—The second sentence, “Bottom struts shall proportioned 
resist stresses produced temperature changes”, impracticable. The change 
length, any member due any stress given the following 
formula: 


which, 
unit stress causing deformation, 
The deformation due changes temperature varying 120° Fahr. 
(or 60° each way), inserted the formula gives: 
000 000 
From whence 11310 which constant for all lengths and all 
sections members for given temperature. Therefore, design the member 
resist temperature stresses, the unit stress due lateral longitudinal 
forces must low, less than per sq. in. This method impracticable 
and that the second sentence read: “Bottom struts shall 
proportioned distribute the calculated shear equally between the two 
shoes and carry its own weight.” 
Article read: “Anchor-bolt holes column bases shall 
large enough provide for the expansion the tower bracing.” 
The writer would recommend that the material coming under the “Struc- 
tural Grade” noted avoid misunderstanding. Therefore, include 
sentence the beginning Section follows: “Structural grade in- 


cludes such materials plates, shapes, flats, pins, rollers, eye-bars, and 
forgings.” 


: 
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Article 902.—The structural grade material has ultimate strength 
65000 per sq. in. has developed from past experience that 
when the threads are cut, the material too soft permit good threads. 
therefore, that additional specification inserted covering 
material used for rods and bolts, follows: 


Elongation in.......... 22% 


One tensile and one bend test from each heat. 


Article 902.—The heading “Structural Steel” above the column should 
“Structural Grade”, inasmuch this specification covers pins, rollers, eye-bars 
and forgings, addition material ordinarily known structural steel. 

Article the first sentence, change “shall bend cold through 180° 
without cracking” “shall bend cold through 180° without cracking the 
outside the bent portion.” 

Articles 910, 911, and 912.—In the first sentence, after the word, “crack- 
add, “on the outside the bent portion.” 

Article broken section Fig. indicates circle instead 
rectangular section. Change broken lines. 

Article after “cracking”, the outside the bent portion.” 

Article 985.—Change the sentence, “Test bars shall annealed with the 
castings they represent,” read, “Test bars shall annealed contact with 
the castings they represent.” 

Article read: “The castings shall conform substantially 
the drawings and free from injurious defects.” 

Article clause, “and shall conducted not interfere 
unnecessarily with the operation the works”, should omitted un- 
necessary. 

Article heading this Article should “Process” and not 
“Excess.” 

Article 944.—It suggested that drawing Fig. shown obviate 

Article the clause, “and shall conducted not interfere 
unnecessarily with the operation the works.” 

Article Article should omitted does not mean any- 
thing; the specifications determine the workmanship. 

Article 1008.—For the sake brevity, suggested that the two classes 
work called “Punched Work” and “Reamed Work.” Under (b) change, 
“in this work ful] punching allowed only for minor parts” “in this work 
full-size punching allowed for bracing, minor parts, etc., conforming the 
requirements Article 1004 (a).” 

Article 1004.—Change heading “Rivet Holes Punched Work.” Under 
(a), change to: “Material not exceeding thickness the nominal diameter 
the rivet plus in., may punched full size.’ Under (b), change to: “If 
the limitations specified (a) are exceeded, the size rivets should in- 
creased the material designed for such thicknesses meet requirements 
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(a).” Under (c), change to: holes shall punched throughout one 
size. Holes for field connections trusses shall reamed in. larger 
diameter with connecting parts assembled metal templates in. thick. 
Holes for floor-beam and stringer connections shall reamed in. larger 
diameter metal template in. thick.” 

Article 1005.—Change heading “Full-Size Punching”, and change Article 
read: “Holes punched and not reamed shall in. larger than the 
nominal diameter the rivets. The diameter the die shall not exceed the 
diameter the punch more than in.” The writer advises the omission 
all reference accuracy punching, the tests given aré difficult 
interpretation. After all, the workmanship governed existing practice 
subject the judgment the inspectors. 

Article the heading “Shearing Punch Work.” The 
edge distances holes sheared edges are given previously, therefore, most 
this Article can omitted. Change the Article read: “Sheared edges 
material more than in. thick when the sheared edges are tension, shall 
planed depth in. Re-entrant cuts shall filleted before cutting.” 

Article 1007.—Recently, the writer had occasion make some tests 
sub-punching and reaming plates for rivets and 1-in. plates for 
1-in. rivets. From these tests suggested that the Article read follows: 

“Reamed Work.—Full-size punching, sub-punching and reaming, and 
drilling, shall conform the following: 

lateral, longitudinal, and sway-bracing, lacing, stay-plates, 
and diaphragms may punched full size, provided the material does not exceed 
thickness the diameter the rivets. 

“(b).—Holes other material the thickness which does not exceed the 
diameter the rivets shall sub-punched and reamed. sub-punching, 
the diameter the punch shall less than the nominal diameter 
the rivets and the die not more than in. larger than the punch. The 
reamed holes shall in. larger than the nominal diameter the rivets. 

material the thickness which greater than the diameter 
the rivets, shall drilled from the solid.” 

Article 1008.—The rules for testing accuracy punching are not practical 
and are impossible interpretation the same manner different inspectors. 
The writer would recommend omitting this Article, leaving the accuracy 
the work the judgment the inspectors. 

Articles 1011 and 1012.—These Articles should omitted unnecessary. 

Article 1016.—Change this Article read: “Web-plates girders which 
have cover-plates shall flush project in. above the top flange 
angles. Web-plates girders which have cover-plates may in. less 
width than the distance back back flange angles. When web-plates are 
spliced, clearance not more than in. between ends plates will 
allowed.” 

Article this Article unnecessary. 

Article heading “Screw Threads.” Change the word 
“ends” “nuts” making the sentence read: threads shall make 
close fits the nuts, 

Article 1019.—Change to: “Welds steel will not allowed except 
remedy minor defects.” 
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Article 1020.—Change the words “hot-straightened” “straightened”, 
the thinner plates can straightened cold. 

Article 1021.—It not necessary have bearing under the top flanges 
deck girders, rivets are provided the flanges carry the wheel loads. 
Change the first sentence read: “Stiffeners all bearing points shall 
milled ground bear against flange angles.” 

Article to: “Floor-beams for open floor, built-up stringers, 
and girders having end connection angles shall faced exact length after 
the connection angles are riveted. for stringers may faced before 
connection angles are riveted on. Solid floor connections not require 
facing. The thickness the angles shall not reduced facing more than 
in. any point.” 

Article 1023—Change to: “Abutting joints compression members, 
tension members, and girder flanges shall faced and brought even 
bearing.” 

Article 1024.—Omit the first sentence superfluous. 

Article 1028.—Omit first and last sentences unnecessary, retaining only 
the sentence which allows variation distance between pin-holes. 

Article this Article unnecessary. 

Article the mills are limiting the writer’s company rounds 
in., inclusive,.the sizes above this diameter cannot secured, except 
special material. Change “Pins more than in. diameter” “Pins 
more than in. diameter.” 

Article (b).—At the present time, plates and including in. 
are figured the basis their nominal weights. recommended that 
the same limit used this Article. the last sentence, change: “deduct- 
ing for copes, cuts, and open holes” “deducting for copes and cuts.” 

Article 1108 (c).—Change in.” “48 in.” 

Article 1105 the second sentence, add: “as far practicable” after 
“shall packed separately.” believed that the limit 300 lb. too 
small, the writer’s company makes shipments barrels much 500 
Ib. suggested that the following clause omitted: “the gross weight 
any one which shall not exceed 300 

Article 1105 this Article unnecessary. 

Article 1201.—Change this Article read: steelwork not incased 
after has been accepted the inspector and before shipment, 
shall thoroughly cleaned and given one coat approved paint. 
inaccessible after erection shall given two coats paint the shop.” 
suggested that the Committee specify three four standard kinds paints 
used for shop paint. This would great help the and the 
tendency would use paint higher quality. 

Article 1202.—The writer approves this Article, but wishes add the 
following sentence: “This refers material incased concrete well 
material shop painted.” 

Article this Article unnecessary. 

Article this Article read: “Finished surface moving 
contact shall coated with white lead and tallow.” 
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the Purchaser pays for special test requested the Engineer. 

Article the heading to: “Facilities for inasmuch 

the field insure fair holes permissible and shall assumed 
legitimate erection expense.” 

Article 1401 believed that the minimum tensile and yield points 
for full-size tests should less than the minimums permitted for mill tests. 
The writer would suggest that 54000 minimum tensile and 29000 minimum 
yield point used given the The figures, 54000 and 000, 
are inconsistent with those given Article 905. 


attention the similarity the Tentative Specifications for Steel Rail- 
way Bridges the recent specifications the American Railway Engineer- 
ing Association. This similarity may have been due the strong repre- 
sentation that Association the Committee, and the courtesy the 
Committee was inclined extend. question how far such courtesy 
should lead. The fields the two Societies are distinct, has been sug- 
gested Mr. Guppy and others. The work this Society toward pro- 
fessional suggestion, rather than business authority. The authority, well 
the responsibility, must rest with the individual engineer. 

was with this view that the writer offered preliminary discussion, 
and, others have expressed themselves similarly, feels called review 
the subject further. 

The clearance diagram (Fig. was left adopted the 
although simple lower corner might have been preferred. might have 
been better have closed the diagram the bottom straight lines, from 
point ft. in. above the top the rail the side clearance, point ft. 
in. from the side clearance the top the rail. 

The “engine diagram” (Figs. and 3)§ was adopted conformity with the 
Cooper series, which was presented this Society its author, the late 
Theodore Cooper, Am. Soc. E., January 3d, 

The Committee might have preferred E-50, with the provision for over- 
load, standard, but deference the A., accepted its specifica- 
tion E-60 loading, although realizing that the weights had far outgrown the 
original purpose Mr. Cooper. The writer has examined with interest work 
engine loading Steinman, Am. Soc. E., who has developed 
typical engine the Mallet type, which composite the heaviest engines 
now service. Considering the variety standards that the different rail- 
roads will adopt, however, might have been better, Mr. Purdon suggests, 
have used the loading E-10 basis (or, similarly, Steinman’s M-10), 
and from this each road could adopt multiple for its standard. Such 
standard might well 25% excess the service the railroads. 


Cons. Engr., New York 

Received the Secretary, March 28th, 

Proceedings, Soc. E., December, 1921, 687. 
688. 


“Train Loadings for Railroad Transactions, Am. Soc. E., Vol. XXXI 
(1894), 174. 
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The suggestion that bridge should proportioned for its ultimate 
load really the crux bridge design. was with this view that the 
writer offered specification the Society 1912,* which the loading 
that time, E-40, was increased 25%, E-50, and, the same time, the 
basic unit stress 000 Ib. was increased 25%, 000 which was then 
considered the highest stress which bridge should maintained. 
limit, has been accepted with some misgiving, but the fact that the maximum 
assumed loadings are seldom reached service probably the saving feature 
the use this high stress. Although one may prefer that bridge pro- 
portioned for the ultimate load, direct specification that effect does not 
seem practicable under the present system railroad management. The 
clause for overload (Article 108), only partly covers this condition, and leaves 
waste material the chord sections. would better permit increase 
50% the allowable stresses specified, provided the structure, designed, 
would carry like percentage overload. 

regard impact, little more need The diagram, Fig. 21, shows 
the striking agreement between the formula, 


¢ 


and the tests. The trial plotting modified formula, Fig. 8,+ does not give 
satisfactory results for long spans. 

has been suggested that the new impact formula intended 
only for spans 300 ft., less. This limitation would exclude from the 
Tentative Specification, which covers spans all lengths. inspection 
Fig. will noticed that the new formula too high even 
for short spans from 120 ft., where plate girders which need excess 
strength, are used, whereas from 120 300 ft., where truss spans which 
need the fullest provision for loading, anticipation the allowable over- 
load stress more, are used, the formula deficient, notably 
for spans 210 and 300 ft. the test, giving 22% impact for the lower chord 
the 440-ft. span Bellefontaine,§ plotted found again 
deficient. 

The selection the proper impact formula, however, only part the 
problem impact bridges. The relative effect dead load may 
important, but yet there are tests for comparison. The effect from 
multiple tracks must also considered. The provision that the load for 
multiple tracks shall reduced 10%, 20%, 30%, for two, three, four 
tracks, respectively, crude. The conditions should susceptible better 
analysis. 

known that the impact the tests due mainly the blow the 
unbalanced drivers and the synchronism the interval the hammer 
blow with that the vibration the span. The same synchronism from 

Transactions, Am. Soc. E., Vol. LXXXV (1912), 340. 
Proceedings, Am. Soc. E., December, 1921, 715. 

Ibid., 714. 
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second train manifestly impossible. The second train would more likely 
destroy the synchronism the first train than augment it. Under these 
circumstances there should but little additional impact from the second 
train. estimating impact from the second train, would better, 


IRON COLUMNS 
110 000 ROUND 
Tests made compiled Ult. Res, 
compression, 119000 Ib. per sq. in, 
Tests Hodgkinson various sections 


000 


000 

3S 

000 

m 


060 


Length 


Radius Gyration 


Fic. 22. 


after using full impact from the first train, use the aggregate loaded length 
both tracks for the value somewhat was done the spec- 
ification 1910. For tracks reverse operation (as the second track two- 
track bridges, and the third and fourth tracks four-track bridges), only 
the uniform train load, without impact, should used; and order avoid 


| 
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unnecessary refinement calculations, only full panel loads the panel 
points should considered. All bridges should designed for possible “left- 
hand” train service. 

The clause (Article ballasted floors has been inserted without 
modification, but not clear why impact, which added cross-ties, 
should not also added ballasted floors. 


CAST-IRON COLUMNS 
(WITH FLAT ENDS.) 


Square Inch 


for) 


o 


Pounds per 


Length 
Radius Gyration 


23. 


Since the early days bridge design, the longitudinal force has been con- 
sidered due coefficient friction per cent. thorough investiga- 
tion this subject, some years ago, convinced the writer was 
error, and that the specification was honored more its breach than its 
observance. his specification, previously mentioned, and for reasons then 


Tests Hodgkinson Low Moor No, Iron 

100 150 200 250 
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expressed, coefficient 10% was adopted, and this, believes, higher 
than necessary. 
The old column formula the 


had been thoroughly established practice; yet, because had been aban- 
doned the A., the Committee, courtesy that Association, 
did not suggest with the three others offered for consideration. 

The strongest claim that has been offered for any practicable column 
formula, whether the straight line the parabola, its agreement with 
the results full sized tests. The Schwarz, the Gordon, the Rankine, the 
Euler-modified, whatever name may known its long line 
endorsement, surpasses any the others comparison with the tests, shown 
Fig. 9.* The correctness the general formula strikingly depicted 
the diagrams, Figs. and 23, tests Tetmajer and Hodgkinson, cast 
The homogeneity the material these tests, and the freedom from 
irregularities due workmanship, make the comparison the formula with 
the tests particularly instructive illustrating the law column flexure 
and failure. This formula rational, indeed not completely 
theoretical, derivation, and the oldest and best established formula gen- 
eral use. 

The discussiont Mr. Hovey, latticing columns, offers definite 
solution perplexing and important detail. may well used 
specifications. 

The net sections, where rivet holes are zigzag, simple 
matter one considers that the diagonal section shear, and estimates 
shear this case, others, three-fourths the value direct tension. 

With these introductory remarks the following suggestions are offered for 
consideration. 


STEEL RAILWAY BRIDGES 


A.—GENERAL 


1.—These specifications the design fixed span bridges and require 
first-class design and workmanship. 
Govern.—Drawings shall govern cases where they are 
not agreement with the specifications. 
shall made wholly structural steel except 
where otherwise specified. Castings shall steel, unless cast iron 
specifically authorized the Engineer. 
Bridge—The type bridge used for various span 
lengths may preferably follows: 


Pin-connected trusses 150 ft. and over. 


Proceedings, Am. Soc. E., December, 1921, 719. 
Plotted Malukoff, Assistant Engineer, Department Bridges, New York City. 
Bee 922, 
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double-track through bridges, two trusses 
shall used. bridges may constructed two double-track 
bridges, side side, may have three trusses, directed. 

6.—Spacing width between centers trusses girders 
shall sufficient prevent overturning the specified lateral forces and 
less than one-twentieth the span. 

clearance straight track shall not less than 
that shown Fig. 24. curves, additional provision shall made for 
car, ft. long, ft. between truck centers, ft. high above the top 
6-in. rail, and with allowance for super-elevation the outer rail. Unless 
otherwise specified, the super-elevation the outer rail shall in. for 
each degree curvature, with maximum in. 

skew bridges 
without ballasted floors, the end stringers 
end girders for each track shall square 
the line track. 

Floor—Ties shall not 
less than ft. long, spaced not more than 
in. apart, and secured against bunching. 
subjected bending, the stress the 
extreme fibers ties shall not exceed the 
unit stress for timber given Article 202, 
assuming maximum wheel load, with 
125% impact, distributed over three 
ties. 

ing beams transverse the axis the 


' 


' 


structure, shall designed for uniform 


load per linear foot each track, equal 
one-third the heaviest wheel concentration 
the engine. 
for the stresses, the 

length shall be: 

For trusses and girders, the distance between centers bearings; 

For floor-beams, the distance between centers trusses; 

For stringers, the distance between centers floor-beams; 


and the depth shall be: 


For pin-connected trusses, the distance between centers pins; 

For riveted trusses, the distance between the centers gravity 
the chords; 

For plate girders, the distance between the centers gravity 
the flanges (not exceed out out flange angles). 


with floor systems shall preferably have end floor-beams. 
1.—Loaps 


estimating the weight the structure, 
for the purpose computing stresses therein, the following unit weights shall 
used: 


Concrete 

Bituminous macadam 

Granite 

Paving bricks 


bd 
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The rails and fastenings shall assumed weigh 150 per lin. ft. for 
each track. 

102.—Loads.—Stresses shall shown separately for the following: Dead 
load, live load, impact, centrifugal force, and lateral and longitudinal forces. 
Members shall proportioned for the combination giving maximum sections, 
except otherwise provided. 

dead load shall consist the entire weight the 
superstructure, estimated accordance with the unit weights given Article 
101. 

live load for each track shall consist typical 
engines followed uniform train load, either Cooper’s series, 
Steinman’s series, may specified the Engineer. shall 
multiple one the other the loads with wheel spacings, shown Fig. 
Fig. 26. 


Uniform Load 


per lin, 
Uniform Load 


26. 


Loading M-50 for main-line bridges American railways. 
live load stresses produce equivalent 
stresses shall determined Table 


TABLE 8.—Impact 


119.41 97.22 150 59.15 390 
115.32 170 55.28 410 24.07 
113.88 180 58.45 420 
112.52 95.12 190 51.70 430 
200 50.00 440 21.44 
109.22 90.00 220 46.78 460 19.79 
240 43.76 480 18.28 
106.51 250 490 17.48 
105.69 260 40.92 500 16.75 
104.16 280 520 15.34 
102.73 76.01 560 12.75 
100.75 71.82 650 7.91 
100 70.51 340 31.09 700 5.76 
110 350 30.01 750 
120 65.63 360 800 
23 98 .34 130 63.37 370 27.93 850 1.41 
140 61.21 380 900 0.63 


25. 
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which, 
percentage added live load stresses. 
length, feet, that part the span which has been loaded 
produce the maximum live load stress. 


For bridges with multiple tracks, the track nearest the truss shall receive 
full impact per Table the second track, with service the same direc- 
tion, shall receive impact for the aggregate loaded length the two tracks; 
third track, with service the same direction, shall receive impact 
for the aggregate loaded length three tracks, The for 
tracks with service the opposite direction shall for full panel load con- 
centrations the uniform train only, without impact. All bridges shall 
designed for possible “left-hand” train operation. 

bridges designed exclusively for electric traction, the impact 
shall taken one-third that given Table Impact shall not added 
stress produced longitudinal lateral forces. 

107.—Overload.—Provision for 50% overload shall made, provided 
Article 201. 

the centrifugal force the live load applied ft. above base rail, com- 
puted the following formula: 

0.067 


which, 
live load, including impact; 


109.—Wind structure shall designed resist wind 
pressure, acting either direction horizontally, lb. per sq. ft. surfaces, 
seen elevation, the floor system, considered solid area, one truss complete, 
and one-half the surface all remaining trusses (but never less than 200 
Ib. per lin. ft. loaded chord, and 150 per lin. ft. unloaded chord), 
well that train ft. high. The pressure the train, well 
half the pressure the structure, shall considered moving load. 

110.—If wind pressure lb. per sq. ft. unloaded structure would 
produce greater stresses than the loading specified Article 109, such stresses 
shall used. 

the stresses due wind forces viaduct towers, the 
viaduct shall considered loaded the leeward track with empty cars, 
weight only sufficient prevent overturning, with wind pressure 500 
lb. per lin. ft., acting ft. above top rail. 

112.—Longitudinal shall made for the starting and 
stopping trains, with coefficient friction the engine drivers 20% 
and the balance the train per cent. 

simple spans, provision shall made for expan- 
sion due variation temperature 120° Fahr. (On statically indeter- 
minate structures more than 300 ft. span, difference 40° Fahr., between 
the shaded and the unshaded chords shall provided for.) 

Sheets—The stresses for each loading shall calculated 
separately and shown stress sheet. The results shall combined, and 
the maximum stresses either direction deduced therefrom. 

115.—Alternate subject alternate stresses tension 
and compression shall proportioned for the stress giving the largest section, 
and designed resist each stress. the alternate stresses occur imme- 
diate succession, each stress shall increased 50% the smaller. The 
connections, either case, shall proportionated for the arithmetical sum 
the stresses. 


q 


950 DISCUSSION BRIDGE DESIGN AND CONSTRUCTION [Papers. 


Stresses—Members subject both direct and bending 
stresses shall proportioned that the combined fiber stress shall not exceed 
the allowable stress specified, properly reduced, cases long compression 
members. The stresses the outer fiber solid built members, except plate 
girders, shall computed the moment inertia the section. con- 
tinuous upper chords deck bridges carrying the floor, the bending stress 
due the live load shall computed from moment equal three-quarters 
the maximum moment produced span one panel length considered 
simple beam. 

stresses shall avoided wherever 
possible, designing. trusses without sub-paneling account need 
taken secondary stresses member the width which the plane 
the truss, less than one-tenth its length. Where this ratio exceeded 
where sub-paneling used, secondary stresses due the deflection the truss 
shall computed. 

2.—Unit 


201.—In proportioning the several parts the structure the following 
allowable stresses shall increased 50%, and the structure designed 
live load 50% greater than that specified Article 104. 


Allowable Stresses for and Rivet Steel: 


Pounds per 
square inch. 


Compression (one diameter) 16000 
Compression, columns, per Table 


TABLE FoR COLUMNS. 


000 
500 


Pounds per 
square inch. 


Bending, beams, outer 16000 
Bending, pins, rivets, and 24000 
Shear, plate-girder web, net section...... 12000 
Shear, pins, and power-driven rivets..... 
Shear, hand-driven rivets, and turned bolts............. 10000 
Bearing, pins, rivets, and bolts. (For countersunk rivets, half 
the depth countersink shall omitted when calculating 
Bearing, rollers, per linear 600 
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which: 


Compression columns shall not exceed that allowed for 40. 


For cast steel shoes and pedestals the allowable unit stresses for struc- 
tural steel will apply. 

For 3.25% nickel steel, equivalent alloy steel, with yield point 
per sq. in., the allowable stresses may increased 50%; and, gen- 
erally, for members composed entirely steel greater strength, the allow- 
able stresses for structural steel will increased proportion the higher 
yield point the stronger steel. 

202.—Allowable Fiber Stress Wooden Cross-Ties.—(The maximum wheel 
load, with 125% impact, will distributed over three ties): 


Pounds per 
square inch. 


White oak, and long-leaf yellow pine 000 

White pine, short-leaf yellow pine, and spruce 200 
Pressure Masonry.— 


Pounds per 
square inch. 


Granite masonry 800 
Limestone, good quality 600 
Sandstone 400 


204.—Allowable Pressure practicable, special tests 
bearing value the soil will made, but the absence more definite 


information, the following pressures may allowed: 
Pounds per 
square foot. 


Sound ledge rock 

Hardpan, compact gravel 

Coarse sand, gravel...... 

Clay (moist) 

Soft alluvial soil.... 


deep foundations allowance may made for buoyancy and friction. 

205.—Allowable Pressure Wooden shall not placed closer 
than ft. in., centers, and will generally designed sustain 000 per 
pile. Their supporting power, when driven, will estimated follows: 


(a).—When the pile driven refusal and supports the load end 
bearing only, without friction, allow 1200 lb. per sq. in. smallest 
cross-section, properly reduced for column length when not braced. 

driven resistance hammer blows, 


(c).—When driven water jet, soft material, 
which: 
safe load per pile, pounds; 
height fall hammer last blow, feet; 
penetration under last blow, inches; 
shin surface pile ground, square feet; and 
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represents the resistance due skin friction. represents the 
value end bearing, including buoyancy, for diameter in. the 
point the pile and should proportionately reduced for smaller sections. 


For coarse sand and gravel.......... 29.0 300 


less than in. thickness shall not 
used, except for fillers. 

302 shall arranged give free access for 
inspection and painting. Water-pockets shall avoided. 

Members.—Hip verticles and members performing similar 
functions, and the two end panels the bottom chords single-track pin- 
connected bridges shall rigid. 

Struts.—The struts the base viaduct towers shall 
sufficient strength slide the movable shoes when the track unloaded. 

ease shall the details less strength 
than the member designed. 

306.—Net sections shall used, all cases, 
tension members, and, deducting rivet holes they shall taken in. 
larger than the nominal diameter the rivet. calculating net sections 
having rivets staggered, all rows shall deducted unless arranged that the 
net section along zigzag line, taking all distances the diagonal 
their value, exceeds the corresponding net section across the 
plate. 

riveted tension members shall have net section back 
the pin-hole, parallel the axis the member, not less than the required 
net section the body the member, and shall have net section through 
the pin-hole least one-third larger than the required section. Riveted ten- 
sion members shall stitch-riveted where necessary make compact 
member. 

Length Rivet—The total thickness plates con- 
nected rivets shall not exceed six times the nominal diameter the rivet 
used. 

Rivets—Rivets shall proportioned their nominal 
diameter. They shall not spaced, center center, closer than three 
diameters nor farther apart, the direction stress, than sixteen times the 
thickness the thinnest outside plate connected, nor farther apart, right 
angles the line stress, than thirty times that thickness, except the cover- 
plates compression members, where the spacing may forty times the 
thickness the thinnest plate. The pitch rivets ends built compression 
members shall not more than four diameters, for distance times the 
width the member. 

Distance shall not spaced closer sheared 
edges than diameters, nor rolled edges, than diameters, nor farther 
from the side than eight times the thickness the plate. 

Chord chords, when faced for bearing, shall 
spliced four sides sufficient hold the abutting members accurately 
place and transmit 50% the stress through splice plates. All other 
joints shall fully spliced. 

Rivets Packing.—Where stress transmitted through pack- 
ing material, shall extended for extra riveting. Two extra lines shall 
used for each intervening plate. 

bolts are allowed instead rivets the holes shall 
reamed drilled and the bolts turned driving fit, with full-length bearing 
and washer under the nut. 
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Compression Members.—All segments members com- 
pression, connected latticing only, shall have batten plates each end. 
The thickness such plates shall not less than one-fortieth the distance 
between the rivets connecting them the compression member. case 
shall the length such batten plates less than times the width the 
member. Where intermediate batten plates are used they shall least three- 
quarters that distance. 

distance between the connections latticing shall such that 
the individual members between them, composing the column, shall stronger 
than the colmun whole. 

lattice-bars shall generally inclined angle 60° with 
the axis the member, and double lattice-bars, angle 45°, riveted 
the intersection. Single lattice-bars shall have thickness not less than 
one-fortieth, and double lattice-bars not less than one-sixtieth, the distance 
between rivets connecting them the compression member. 

latticing compression members shall proportioned resist 
stress normal the member not less than that calculated the 
ormula: 


which, 


the strength the column compression member; 
distance from the neutral axis the extreme fiber. 
diameter the rivets shall not exceed one-third the width 
the bar. 
20.—Reinforcing Pin-Holes.—Pin-holes shall plates, 
necessary, and least one plate shall wide the flanges will allow, and 
the same side the angles. Pin-plates shall contain sufficient rivets 
distribute their part the pin pressure the full cross-section the 
member. 
avoided. Where forked ends are used, sufficient number pin-plates shall 
provided give each jaw the full strength the compression member. 
least one these plates shall extend the far edge the batten plates, and 
the others not less than in. beyond the near edge the batten plates. 
trusses, and shall riveted directly the girders the posts the 
trusses. 
main panel deck bridges shall provided 
with intermediate sway-bracing sufficient section carry one-half the 
maximum increment due moving loads. 
bridges shall provided with post brackets the inter- 
mediate panel points, sufficient strength maintain the panel vertical 
position under the specified wind pressure, or, when the height the top 
chord more than ft. above the floor, overhead system sway-bracing 
shall used. 
25.—In either deck through bridges, the end sway-bracing shall pro- 
portioned carry the entire upper lateral stress the support, through the 
end post the truss. 
lateral bracing preferred and connection shall have less 
than three rivets. 
adjustable rods are used, open turnbuckles shall provided 
and the rods shall designed receive initial stress 10000 
rod shall less than sq. in. sectional area. 
Girders—The girders deck bridges and the stringers 
through bridges shall not spaced closer than ft. in. between centers. 


q 


954 DISCUSSION BRIDGE DESIGN AND CONSTRUCTION [Papers. 


girders shall proportioned assuming that the flanges are 
concentrated their centers gravity, but case beyond the back the 
flange angles. the gross section the web may considered 
flange area, provided the web properly spliced transmit its bending 
moment. 

gross section the compression flange shall not less than 
the gross section the tension flange. The flange angles shall form large 
part the flange area practicable. 

flange plates are used, least one flange plate shall extend 
the full length the girder, and, through bridges, end and corner 
cover plate shall used. Any additional flange plates shall such length 
allow two rows rivets the regular pitch placed each end 
the plate, beyond the theoretical point required, and there shall suf- 
ficient number rivets the ends each plate transmit its stress value 
before the theoretical point the next outside plate reached. 

flange plates are different thicknesses, the thinner plates 
shall placed outside the thicker ones. 

plates, subject either tension compression, which are 
spliced, shall properly covered extra material equal section the 
material spliced. Flange angles shall have angle splices. There shall 


sufficient number rivets either side the splice transmit the stress 


value the parts cut. 

upper flange shall rigidly braced intervals not exceed 
twelve times the width. When this impracticable, the allowable compressive 
flange stress shall reduced accordance with the column formula. 

webs plate girders, wherever cut, shall fully spliced for 
shear and bending, plate each side the web. 

shall placed all points concentrated Where 
the thickness the web less than one-sixtieth the unsupported distance 
between flange angles, stiffeners shall riveted both sides the girder, 
with the outstanding leg broad the flange angles will allow. The distance 
from center center stiffeners should not more than the depth the 
full web plate, but, case, shall they closer than ft., nor farther apart 
than ft. Stiffeners over bearings and points concentrated loading 
shall packed straight and shall milled tight bearing against the flange 
angles. 

bridges ft. length more that bear 
masonry, shall provided with adjustable bearing bolsters, and one end, 
shall have turned rollers not less than in. diameter, placed between two 
planed surfaces. For spans less than ft., planed bolsters shall used, 
without rollers. 

nests rollers shall designed prevent displacement, 
and kept dust free. 

839.—Wall plates may rolled, cast, built up, and shall 
designed distribute the load uniformly over the entire bearing area. 

Anchored.—Trusses shall secured against side motion 
bearing plates and rollers. The bolster blocks shall joined the trusses 
and the bearing plates secured the underlying supports bolts. Anchor- 
bolts shall not less than in. diameter, and shall extend not less than 
in. into the masonry. Washers used under the nut. Anchor-bolts 
subjected tension, trestle towers, shall engage 50% more masonry 
than sufficient prevent overturning. 

Packing.—Eye-bars shall not packed out line with the 
axis the member more than in. ft. Members packed pins shall 
held against side movement filling rings. The pin shall sufficient 
length give full bearing all members, and secured position. 
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length truss members shall such that the camber 
will equal the deflection produced the dead load plus one-half the 


Section 


workmanship shall first-class. All parts exposed 
view shall neatly finished. structural bolts shall have hexagonal nuts. 

shall straightened methods that are 
not injurious. 

Edges.—Sheared plates, exceeding in. thickness, shall 
have in. planed from their edges. 

1004.—Rivet Holes.—Rivet holes shall accurately spaced and punched 
that variation more than in. will occur assembling. Variations 
in. may cause for rejection. Holes must reamed match. Drifting 
will not allowed. 

1005.—In punching, the diameter punch shall not exceed more than 
in. the diameter rivet used, and the diameter the die shall 
small enough punch clean hole. Material more than in. thick shall 
sub-punched and reamed, drilled from the solid. 

1006.—Sub-Punching and Reaming.—Where sub-punching and reaming 
required, the diameter punch shall in. smaller than the nominal 
diameter the rivet, and the holes reamed after assembling diameter in. 
greater than the diameter the rivet. Outside burrs shall removed. 

parts riveted members shall drawn firmly 
together bolts before riveting. 

shall uniformly heated light cherry red 
before driving. They shall completely fill the holes and shall driven until 
dull red black. Pneumatic hammers shall used preference hand 
driving. 

ends lattice-bars with single rivets shall 
neatly rounded. 

1010.—Web shall fit neatly against the flange angles. 
bearing points and points concentrated loading the flanges, the ends 
shall faced and brought true bearing against the flange 
angles. 

Plates and splice plates, and fillers under 
stiffeners, shall fit within in. the flange angles. 

Plates—Web plates girders, which have cover plates, 
shall flush with the top fiange angles. When web plates are spliced, there 
shall not more than in. clearance between the ends the adjacent plates. 

and Stringers—The main sections floor-beams and 
stringers shall exact length after riveting, and the end-connection angles 
set length, and square. 

several pieces forming one built 
member shall straight and shall fit closely together. Finished members 
shall free from twists, bends, open joints. 

Joints—Abutting joints shall fitted close. com- 
pression joints which depend contact bearing, the surface shall accurately 

1016.—Field for floor-beams and stringer connections 
shall sub-punched, and reamed metal template not less than in. thick. 
Where practicable, compression members trusses shall assembled the 
shop, the abutting ends brought forcible contact, the rivet holes reamed, 
and the members then match-marked before being taken apart. 

Bolts—Generally, the use bolts instead rivets will 
not permitted. Wherever bolts are used, the holes shall reamed parallel 
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and the bolts turned driving fit, and the threads shall entirely outside 
the holes. washer, not less than in. thick, shall used under the nut 
and the thread burred. 

shall straight and true. The heads shall 
made upsetting and forging. Welding will not allowed. The form 
the head may determined the dies the works the eye-bars 
are made, satisfactory the Engineer, but the manufacturer shall guar- 
antee the bars break the body when tested rupture. The thickness 
the head and neck shall not more than in. greater than that the bar. 

1019.—Boring boring, each eye-bar shall properly 
annealed and straightened. The holes shall the center the head and 
the center line the bar. Bars the same member shall bored 
the same temperature and, practicable, shall piled together and bored 
both ends one operation, and the bars then properly marked for erection. 
The diameter the pin-hole shall not exceed the diameter the pin more 
than in., for pins in. diameter less, nor more than in. for larger 
pins. 

1020.—Pin-Holes—Pin-holes compression members shall bored 
one operation. They shall the center line and right angles the 
axis the member, unless otherwise required. The diameter the pin-hole 
shall not exceed that the pin more than in., for pins in. 
diameter less, nor more than in. for larger pins. 

1021.—Pins and more than in. diameter shall forged 
and annealed. Pins and rollers shall accurately turned gauge, and 
shall straight, smooth, and free from flaws. Pins in. more diameter 
shall have 2-in. longitudinal hole bored through the axis. 

1022.—Screw-Threads.—Screw-threads shall filleted the bottom and 
shall tight fit the nuts. They shall Standard. 

1023.—Steel castings shall annealed and free from 
large and injurious blow-holes. 

1024.—Welds.—Welds steel members will not allowed. 

bed-plates for rollers shall planed true 
and smooth. Cast wall-plates shall planed top. The finishing cut 
the planing tool shall the direction expansion. 

Nuts—Two pilot and two driving nuts shall furnished for 
each size pin. 

rivets shall furnished the amount 15% 
plus rivets, excess the nominal number required each size and 
length. 

1028.—Shipping Details—Pins and small parts shall protected for ship- 
ment. 

1029.—Variation Section—There shall variation section from 
that specified, more than per cent. 

scale weight main members shall marked 
plain figures. 

pound price contracts shall made 
weight, including field rivets. Not more than 13% the total 
computed weight the structure will allowed for excess weight. Any 
member weighing 23% less than weight may rejected. 

surfaces that come contact that are closed 
shall receive one coat approved paint before being assembled. All steel 
shall seraped free scale and shall receive one coat approved paint 
before leaving the shops, and one coat after erection. 

1033.—All turned faced surfaces shall receive coat white lead and 
tallow the shops. 
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closing this may stated that, organizing, the Com- 
mittee suggested that its Chairman write specification which should 
submitted the Committee for review. The Chairman that time did not 
feel prepared for such undertaking, and preferred divide the work 
between seven sub-committees. The discussions within the Committee since 
then have been such liberal education the subject that the foregoing 
memoranda are now submitted the Committee for its consideration. 
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ODORS AND THEIR TRAVEL HABITS 


Discussion* 


firm the writer’s opinion, that only through the development trained ob- 
servers working along the same lines can intelligent classification reached 
and anything approaching mathematical precision attained. 

The writer did not attempt any real definition what constitutes dif- 
ferences between offensive and agreeable odors, between those that may 
harmful and those that are benign. merely sought outline the subject 
which others might add data and from which, with later additions, helpful 
facts and conclusions might taken. The results have warranted the hope. 

Mr. Hansen enlarges the point that certain industries must con- 
sidered essential, and thus tolerated, while all effort should made 
cure the attending evils; also, that odors are most apt the barometer 
which the public rates them. offers zoning one the means relief, 
but not cure. 

Professor Whipple discusses interestingly, the personnel odors them- 
selves and treats the subject along the following logical lines: (1) Physiology; 
(2) relation health; (3) meteorological factors travel; (4) governmental 
control; and (5) prevention. 

Temperature has quite influence, due volatilization the odor 
elements, and humidity plays important part; and those discussing the 
paper naturally mention wind movement the important element dis- 
semination. 

Professor Whipple calls attention the fact that frequently odors are 
indication unwholesome conditions, but that unwholesome conditions 
must not always thought absent when definite odors are not present— 
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carbon-monoxide virtually odorless, yet very deadly, and given off 
large quantities during the combustion most fuels. Governmental con- 
trol cannot well step until nuisance exists can clearly anticipated; 
and such control then should handled with great yet the 
writer suggested, and which others have agreed, might secured 
part intelligent official advice, prior the act. 

Prevention field for intensive study, and one that has occupied 
the attention many factory chemist, spurred some instances public 
sentiment and wrath, but often the earnest desire the plant manage- 
ment better things. 

Dr. Gage tells some interesting observations attempts control the 
offensive odors from certain oil refineries Rhode Island, the presence 
which was greatly desired helpful industries, yet the operations which 
were not the most agreeable. The fact was brought out that, these 
hydrogen sulphide and other sulphide gases were the chief offenders, the Mex- 
ican oil that was used containing more than sulphur. 

realize the enormous quantities these gases, certainly 
not helpful and highly odoriferous, that are given off daily refining the 
much needed oil. 

Mr. Osborn, out his long experience the study the design, con- 
struction, and operation garbage works, corrects the writer certain refer- 
ences garbage plants, and probably justified doing. devotes most 
his discussion the action garbage reduction works and the causes 
the dissemination their odors, which admits are offensive when not 
controlled. 

The point which emphasizes greatest importance, not much 
how far odors can travel, but how can they prevented from traveling, 
most pertinent conclusion. 

Dr. Hering gives some physiological facts the perception odors 
and their neutralization; that liquids make good carriers and that careful study 
makes possible almost complete elimination cases refuse disposal and 
sewage works. 

Professor Landreth has given quite complete data certain interstate 
litigation prime importance, and New York legislation that has recently 
been helpful abating certain undoubted nuisance cases, where odors 
offensive character affected humanity and property great distances. 

Mr. Provost emphasizes some the difficulties the way expert testi- 
mony and discusses certain specific types offensive works, where publicity 
and, some instances, drastic action, has secured the abatement nui- 
sance, and also where temporary nature has permitted operations, when 
permanence would have demanded cessation change. 

Mr. Weston discusses particularly the odors from sugar-house wastes, 

manufacture lactic acid, and oil refining, and gives enlightening descrip- 
tion the processes and testing apparatus designed especially detect 
and standardize the odors given off, make records that should com- 
parable and intelligible. 
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Mr. Potter contributes certain air-movement tests sewers, looking 
acquisition knowledge the occurrence and behavior sewer gases. 

Mr. Saville rather looks forward such scientific study, that curves and 
may yet developed, that will enable far greater approximation 
effects under standardized conditions, that trained observers may even 
present data, that will reasonably conclusive the Court. 

general, agreed that study odors and their habits travel 
would great economic service, and that the engineer, devolves that 
duty. 

The writer feels justified having brought forward the topic, believing 
that, from it, more helpful facts will gathered and promulgated for the 
betterment general living and, perhaps, the pocket-books engineers. 
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RAINFALL AND RUN-OFF STUDIES 


Discussion* 


Mr. with regard evaporation parts Oklahoma, should 
taken with some allowance. Even the hot, dry, almost rainless, and quite 


windy Salton Basin, California, the mean monthly temperatures which are 
higher than those Oklahoma, the annual evaporation from open water 
surface only about ft. The writer would regard, highly improbable, 
the evaporation ft., from open water surface any considerable 
depth and extent months, including months the contiguous years. 
This also true rate in. per day for days time. Such 
rates would obtain only from small experimental apparatus from soil kept 
wet almost the saturation point. 

Possibly Mr. correct when assumes that the greatest discharge 
such stream the American River, California, will occur when heavy 
rain falls snow. The maximum melting effect will due so-called 
warm rain; but the rain maximum intensity usually the cold rain which 
comes near the end the storm. will probably found true that 
rain water plus water due melting snow will never exceed the predicted 
maximum rain intensity for the entire water-shed. The checking the 
suggested formula against any known results, where melting snow contributes 
the peak discharge, invited. maximum rain intensities for the water- 
shed are properly determined and topographic features have been properly 
considered estimating the critical time, believed that the formula will 
found dependable, even under the condition suggested Mr. Jessup. 
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The statement Mr. Clarke* that the method expanding short-time 
records long-time records applicable the case run-off well 
rainfall, true, but the data relating measured run-off are accumulating 
slowly and many parts the United States the relative quantity annual 
water production can only determined for the long-time period from the 
rainfall records, which are generally available. correct when states 
that the computed quantities rain for any sub-station will frequently depart 
materially from the measured quantity. This can not otherwise; but 
does not detract from the value the computed quantity (when measured 
quantity available) element for predicting what may expected 
the future. Furthermore, stated the there less chance 
any computed rainfall and the measured rainfall for 
station, regions such the Atlantic Coast and the Middle West where 
thunder-storms, usually small extent, occur. This, however, does not 
destroy the serviceability the method basis for predictions what may 
happen the future. must always borne mind that the purpose 
studying rainfall and run-off past years lay foundation for the 
prediction future probabilities. can matter little, therefore, predic- 
tions for individual seasons depart considerably from measurements. the 
possible sequence seasons various quantities rain and run-off that 
consequence. 

The writer accord with Mr. Woodt the value the study 
flow records where they are available for sufficiently long series years. 
They are particularly valuable for the streams the Eastern United States, 
the range discharge which much less than that streams the 
Coast. However, will hardly do, suggests, use the run-off 
records streams from other regions basis for expanding short-time 
Slope record. The first requisite, such comparisons, must always 
similarity and general and conditions. 

The reasons given Mr. Wood for adhering the calendar year, the 
matter rainfall and run-off records, have little commend them. The 
calendar year good enough perhaps for the Southern Hemisphere where 
the New Year comes low-water period. was mistake have adopted 
for the Northern Hemisphere, and the mistake should not perpetuated. 
The improved practice, for the reasons stated the writer, should adopted, 
but the division the year that intended and that should adopted, 
should the same for all parts the United States. 

The writer particularly gratified note that the Weather Bureau 
giving careful consideration the matter revising the method 
tabulating observations, shown the comments Dr. Marvin,§ Chief 
the Bureau, and some assurance has been given, the Bureau, that 
California the regular publications not modified, will least supplemented 
with special publication the rainfall data more useful form. 
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The discussions* Messrs. Hering and Landreth are interest but the 
writer does not wish understood claiming that evaporation the only 
factor that causes less water run off than has fallen, rain snow, 
any area. What claimed that evaporation the predominating factor 
and that transpiration, the assimilation water growing plants, and 
evaporation, may grouped together and for convenience called “evaporation”. 
The causes making for reduced evaporation high altitudes cited Pro- 
fessor Landreth are offset some measure the fact that, the high 
altitudes, snow remains long the ground and there may consequent 
replenishment soil moisture long after the rain has ceased. not believed 
that any attempt introduce other factors than temperature, which the 
main index the rate evaporation, into the equation will meet with suc- 
cess and the coefficient appearing Equations (18) and (14)+ has been 
determined for one more water-sheds any region, these equations should 
found useful written. 

Mr. Horner’s that the value the permeability factor, 
should not constant for any density population, will readily conceded. 
The factor use and how vary it, must left the judgment the 
engineer and the degree approximation that desired. The variability 
this factor recognized the writer shown Equation (29), and the 
resulting Table Mr. Horner suggests, ‘too, that Table has been extended 
too far. Experience alone will determine this the basis comparison 
measured maximum discharge with the estimated discharge, when the facts 
relating rainfall the water-shed are sufficiently well known make 
comparison. 

addition the paper, should noted that, using Equation 
(13) for run-off estimates, the mean temperature month should 
entered less than 32° the the value should also 
have been stated that the coefficient, Equation (14), probably inversely 
proportional the number months, and that, consequently, Equation 
applicable regardless whether the rain that produces the run-off, 
falls months, the Pacific Coast, more uniformly distributed 
all the calendar months, other parts the country. 
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Discussion* 


recently presented Mr. Noetzli have brought out many interesting points 
bearing the design arch dams, and the solution the circular arch under 
water loads William Cain, Am. also valuable con- 
tribution the subject. 

The writer recently had occasion attempt the elastic analysis the 
stresses proposed high arch dam, but arrived the conclusion that the 
inaccuracies the assumptions, which were necessary, rendered any numerical 
results valueless for the purpose practical designing. For the same reasons, 
the writer unable accept the startling results arrived the author and, 
the absence definite evidence from observations, not convinced that 
most arch dams are cracked. 

Most investigators have adopted the method equating the deflections 
elementary horizontal arches and vertical cantilevers order find the 
proportions water load carried by.the two systems, the stresses each 
system being then investigated separately. The method neglects other possible 
systems whereby part the water load may carried, but this probably 
causes error the side safety and valuable results might obtained 
other errors crept in. Unfortunately, the assumptions usually made, 
neglect, not accurately allow for, the following considerations: 

(1).—Temperature variations, which are both uncertain amount and 
irregular distribution, the temperature the body the dam lagging be- 
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hind the atmospheric temperature and this time lag not the same all 
levels the dam. 

due setting concrete. 

(3).—Swelling due soaking concrete the up-stream face. 

foundation due eccentric vertical loading. 

(5).—Yielding foundation horizontally. 

(6).—Yielding abutments. 

due shear cantilever. 

(8).—Ordinary theory flexure not strictly applicable triangular 
cantilever. 

(9).—Cantilever assumed contained between parallel instead radial 
planes. constant angle arch dam, the thickness the lower levels be- 
comes large proportion the radius, and this assumption involves con- 
siderable error the value the moment inertia the cantilever. 

(10).—Formulas generally for deflection arch are not applicable 
when the arch thickness becomes appreciable comparison with the radius. 

(11).—Modulus elasticity not the same for tension and compression. 

(12).—Modulus elasticity not constant, but increases with the stress. 

time factor permitting increased deformation the 
concrete. 

(14).—Effect lateral deformation. 

(15).—Wedge action near base. 

(16).—Possible arching inclined planes. 


Many these points have been brought out the previous discussion. 

crease the deflection the cantilever, and the combined effect may suffi- 
cient account for the differences deflections calculated the author’s 
method and observed existing arch dams. 

further complicating the calculations, would possible develop 
theory including the effects Assumptions 10, and 14, and the effects 
yielding foundation and abutments might allowed for approximately. 
The wedge action near the base and inclined arching, the writer 
believes, would relieve the horizontal arches and cantilevers, and theory 
which neglects these, might still practical value. 

The effects Assumptions 11, 12, and are prime importance 
and cannot neglected, but, unfortunately, engineers are lamentably ignorant 
regarding them. they could accurately taken into account and 
the proportions the load carried the arches and cantilevers the crown, 
given temperature, accurately determined, the difficulty would still remain, 
that these proportions would not hold for any other part the dam, even 
the same temperature. reality, the load the arches not uniformly 
distributed load, but irregular one, which also varies with the temperature. 

entirely satisfactory method obtaining the stresses arch 
dam was available, would be, possible design arch dams reinforced 
concrete structures, which possibly would more economical than dams 
plain concrete. There great need for more extensive observations exist- 
ing arch dams, including measurements temperature, deflections, and strains, 
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supplemented further laboratory tests concrete mixtures regard 
their elastic properties. When sufficient data this kind are available, re- 
liable formulas for the more economical design arch dams may developed. 
the present state the knowledge, probable that responsible engineers 
will continue design arch dams the assumption that the arches carry all 
the load, and for the purpose more nearly realizing this condition 
that the system grouting joints under pressure has been introduced. 

The principal objection the pressure grouting joints arises from 
belief that uneven filling the joints will cause eccentricity arch 
thrust, which will result dangerous bending moments. Although not 
probable that the grouting joints can made 100% efficient, should 
possible, with sufficiently close spacing the grout pipes, insure that such 
air pockets might remain, would small and well distributed over the 
cross-section, which case, appreciable eccentricity the thrust would 
caused. small increase the intensity the arch thrust the joint 
might result, but this would not serious, and likely arise even 
the joints are not grouted, from débris falling into the joints while they are 
open. dam, the joints which open and close periodically, the effect 
varying temperatures the lower arches, combined with the resistance 
the cantilevers, will cause the upper arches close slightly varying 
alignments, unless they are accurately keyed the joints. other words, 
the keys will carrying shear stresses before the joints the upper part 
the dam have closed, which means that the surfaces the keys may 
sliding against each other under pressure, and this certainly not desirable 
condition. satisfactorily carried out, there can little doubt about the 
advantages grouting joints under pressure. 

dealing with the deflections the Salmon Creek Dam, the author 
finds, subtracting the deflection Elevation 1095 from the mean the 
deflections Elevations 1075 and 1115, that the cantilever has suffered 
deflection 0.18 in. length ft. The method measuring the 
deflections has not been described detail, but they were made angular 
measurements with ordinary transit instrument, reading to, say, 10” 
are, they may easily error 0.05 in., which the 0.18 in. 
previously mentioned, may greatly error. 


(by the time Mr. Noetzli’s interesting paper was published, the 
writers were engaged designing arch dam about ft. high and 
325 ft. radius. The available literature the subject had been studied, various 
designs thin arch dams had been examined, and the conclusion had been 
reached that the usual method designing the formula, was not 
even approximately correct and that all existing thin arch dams considerable 
span that are not anchored the rock reinforcing, must have opened 
horizontal joint the base. The deflection measurements the Barren Jack 
and the Salmon Creek Dams seem prove the failure the base, beyond 
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question. was not desirable attempt fix the base the proposed 
dam, was decided make hinged joint there and allow the dam 
rock freely with the imposition the water load and, particularly, under 
changes temperature. The site gorge with level bottom, and the 
arch dam sprung between vertical abutments the side-walls. For this 
particular condition, the stresses dam any chosen cross-section can 
computed readily. 

The dam assumed consist system vertical needles 
supported system horizontal arch ribs, shown Fig 13, 
the assumption made every one who has attempted solution 
the problem, far the writers are aware. Because the 
long radius and the consequent thickness the dam, the needles 
the design question are much more rigid than the arch ribs 
and remain practically straight, transmitting excesses pressure 
from one arch another when the arches deflect under load. The 
deflection any rib, therefore, proportional its distance above 
the hinge the base and, the unit stress any rib propor- 
tional the deflection that rib, the unit stress any point 
the cross-section proportional the distance that point above 
the hinge; that is, the thrust the arch dam distributed over 
the section the same manner the stress distributed, under 
positive bending moment, over that part the section 13. 
lying above the neutral axis. 

find the magnitude the rib stresses consider the equilibrium one 
the needles lying between two radial planes, ft. apart, the up-stream 
face the dam where the radius The needle equilibrium under 
the action the water pressure, its own weight, the reaction the arch ribs, 
and the reaction the base. The two sides the needle are cross-sections 


s 
= 


the dam and are inclined each other angle and 


these sides that the arch thrusts are actually applied, shown Fig. 14, 
and not the face, shown Fig. Let the normal unit stress 
the cross-section elevation, above the base, and let its value 
the crest. The component the median plane the needle, therefore, 


and any elementary area the cross-section distant above the 


base, there force opposing the water pressure. Taking moments 


about the lower end the needle the base the dam and equating the 
overturning moment the external forces the resisting moment the 
components the rib stresses manner similar that followed 
deriving the expression for the moment resistance beam, since 
have, 


= — 2 = 
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or, the arch stress the crest is, 


which the moment inertia the vertical cross-section the dam 
about horizontal axis the base, and the moment the external 
forces, the water pressure, and the weight the structure, 


acting vertical slice the dam ft. wide the up- 

stream face. 
appears that the most economical section for dam 

this type one with large value and that, instead 

making the crest narrow and increasing the thickness 


toward the base where the arch stress zero, good de- 


signing will place much material possible near the crest. wall. 
uniform thickness, therefore, preferable the usual trapezoidal section 
for dams moderate height box canyon. 

Attention must given the design the needles which, the usual 
form, will require reinforcing the down-stream face prevent breaking. 
The line thrust can kept within the cross-section and the necessity 
reinforcing obviated curving the structure the vertical plane, one 
the writers did the Six-Mile Creek Dam.* Where reinforcement has been 
used the past, the arches have been reinforced and not the needles which 
particularly need it, the dam act monolith. 

Temperature stresses dams this type were found much im- 
portance, and they are undoubtedly all arch dams. the design 
question, was computed that change the temperature the concrete 
30° Fahr. would deflect the crest about twice much the water pressure 
alone, that, assuming the dam built with expansion joints, which are 
the summer with full pond, far would deflect down stream winter, 
both deflections being measured from the unstressed position. 

The formulas developed for this dam placed between two vertical abut- 
ments should not applied thin arch dams valley with sloping sides. 
Writers who have attempted analysis the general problem have assumed 
that every arch rib carried uniform radial load. the water pressure 
any rib may carried part that rib and may distributed part 
the needles other ribs, there good reason for thinking that given rib 
uniformly loaded, except the case where all the needles are the same 
length. 

attempt was made analyze the two dams the deflections which are 
the author, this basis, and appeared that the needles were 
not strong enough distribute the water loads between the various ribs. 
believed that the upper arches dam V-shaped valley are relieved 
part the load and this would indicated their deflections the 
assumption previously mentioned was correct, because they not take the 
form the computer thinks they should. For this reason, the writers not 
wholly agree with the author his conclusions about computing the stresses 
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from the deflections. They, however, would congratulate him this and his 
previous paper,* which are valuable additions the progress being made the 
analysis arch dams. 

While the subject arch dams the writers would place record some 
unusual examples, which not appear any the published lists they have 
seen. These dams are timber structures now formerly existing Taghanic 
and Six-Mile Creeks, near Ithaca, Y., where the geological formation 
consists shale horizontal layers with vertical fracture joints, which 
affords channel with level bottom and nearly vertical sides. 

The first these structures the Van Natta Mill Dam the Six-Mile 
Creek, Ithaca, Y., which property was acquired the Ithaca Water- 
Works Company 1892. Previous that, had been used grist-mill 
and the dam had been place for many years. The date its construction 
unknown the writers. continued service until the great flood 
June, 1905, when with head between and ft. above its crest, was 
carried away. 

The dam which rested rock, consisted spillway between two 
masonry abutments. The spillway was ft. thick, built planks laid flat 
and spiked together and was anchored the rock iron rods about ft. 
apart, extending sev eral feet into the body the work. The length the 
crest the spillway, center line, was 90.25 ft., with down-stream chord 
length 86.4 ft. The north abutment was from ft. thick, whereas that 
the south was about 2.5 ft. thick and extended curve about ft. 
vertical rock face against which abutted, its height varying from ft., 
which ft. was above the crest the spillway. The up-stream radius was 
100.66 ft. The crest the spillway was inclined, the down-stream edge being 
in. higher than the up-stream corner. For ft. its length, the spillway 
was from ft. height, and the ft. next the north abutment, 
the rock was inclined give height ft. that abutment. 
the south, the rock inclined through the last ft. giving height spillway 
the abutment only ft. the time failure, the flow the creek 
was more than 000 cu. ft. per and the structure had withstood previous 
floods more than half that quantity. 

The second dam was built the Ithaca Water Company Six-Mile 
Creek about 600 ft. down stream from the so-called Six-Mile Creek Dam, and 
varied height from 5.6 6.5 ft., had up-stream radius 109 ft. and 
span ft., with uniform thickness 1.42 ft. was built two walls 
4-in. timbers, laid flat, with the intervening 9-in. space filled with con- 
was anchored the rock with rods about every ft. This dam, 
which was the was service four five years and passed floods 
ft. over its crest. During the construction the Six-Mile Creek Dam, 
about one-third was removed drain the gorge and was later replaced. 
was tipped over the center and partly carried away the flood 1905, 
which passed over the dam above, with head about ft. not known 
what time during the flood this dam failed. The discharge the creek 
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during the flood was the rate more than 000 cu. ft. per sec., and this dam 
had withstood flood about cu. ft. per sec., previously. 

1904, one the writers built the third dam which across Taghanic 
Creek above Taughannock Falls and may seen from the Lehigh Valley 
Railroad. The up-stream radius 120.5 ft., the span 150 ft., the height 
approximately ft. throughout its length, and the thickness ft. built 
oak plank laid flat and spiked together, and anchored the rock 1-in. 
bolts every ft. Each alternate bolt goes the crest, the others going 
through the sill only. They are set ft. deep into the rock. 

During heavy flood March, 1912, ice was brought down the 
blocks ft. thick and more, and lodged against the dam, and the head-water 
rose height ft. above the crest. The accumulated ice and water 
folded the dam over its center, until the upper part the section lay 
right angles with the lower part. When the flood subsided, the deformed 
part was jacked back into position, timber brace was set against its center and 
the continued service. 

‘Another structure, which may interest this connection, Camp- 
bell’s Dam Creek Ithaca, designed one the writers and 
built the owners 1904. concrete, reinforced with miscellaneous 
iron and steel rods. The up-stream radius approximately ft., the crest 
in., and the base ft. thick. The up-stream face inclines down stream 
in. per ft. The length the crest 51.6 ft. the down-stream edge. 
The abutments, which are part the arch and about ft. above the crest, 
are ft., and ft. long the crest level. For ft. its length, the 
dam ft. height and decreases ft. the south abutment, and 
runs zero the ends. This dam has had flood about 5-ft. head over it. 

The Van Natta, Taughannock, and Campbell Dams were all near the crest 
fall, that the back-water could not rise more than ft. below, 
any case. The dam the Ithaca Water Company was undoubtedly sub- 
merged the big flood. 


the writer’s investigations arch deflections and stresses were 
the same time paper similar subject William Cain, 
Am. The writer concentrated his efforts the development 
simple methods and approximate formulas that might more easily under- 
stood and used hydraulic engineers engaged dam design, whereas Pro- 
fessor Cain has effected, brilliant manner, the theoretically correct solution 
the determination the stresses the arching parts arch dams. com- 
parison between the two methods discloses the fact that many cases results 
obtained the writer’s approximate formulas are almost identical with those 
obtained the exact method Professor Cain. other cases, some discrep- 
ancy exists, was naturally expected. However, the difference for true 
arches, within practical limits, seldom great enough, that could not con- 
sidered practically negligible when compared with the uncertainties involved 

Engr., Beckman Linden, Eng. Corporation, San Francisco, Calif. 
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the assumptions the modulus elasticity, degree shrinkage concrete, 
range temperature, etc. The greatest discrepancy found where the two 
methods are applied thick and flat arches such generally occur the 
lowest parts arch dams. questionable, any known arch 
formula can applied very thick arches without considerable modification. 
Professor Cain has shown, for instance, arch ft. thick, 135 ft. 
radius, and with central angle 40°, that only about 24% the radial Joad 
supported what commonly understood arch action. his discussion* 
Professor Cain’s paper referred previously, Mr. Mensch has indicated 
why such “arch” cannot act horizontal beam, and the writer has tried 
illustrate the reasons why “secondary arch action” within the arch may 
interfere with true 

any arch for which possible inscribe, for instance, another arch 
half the thickness and having radius less than half the radius the 
primary arch, so-called secondary arch action likely The reason 
for this lies the fact that the stresses the secondary arch are theoretically 
less than those the primary arch for the same load, and Nature makes use 
this fact what known the “principle least work”. Not only one 
secondary arch formed within the body the primary arch, but series 
elementary arches, whereby the load can supported with minimum 
elastic deformations according the previously mentioned “principle least 
work.” 

Furthermore, investigation made the method combined cantilever 
and arch action will generally show that, the lower parts dams, arch action 
very small, most the load near the foundation being supported the 
vertical cantilevers. These considerations unquestionably argue for caution 
applying any kind arch formula the lowest parts arch dams, and 
such extreme cases are excluded, will found that the writer’s approximate 
formulas given his paper may well used illustrate the relation between 
deflections and stresses arch dams. 

order avoid misunderstandings, may desirable fix some limits 
outside which the approximate formulas cannot expected furnish other 
than rough approximations. the writer’s judgment, the deflection stress 
Formulas (1) (9) should not applied without modification such arches 
for which the proportion between thickness and rise arch nearly unity 


even larger, that is, for which, say, 0.8. admitted that the 


cients, taken from the curves Fig. furnish somewhat too large stresses, 
particularly for arches with central angles more than 100 120 degrees. 
Those coefficients become more nearly correct reducing them the propor- 
tion between length and span the arch. 

Mr. raises the interesting question why arch dam, which 
according the writer’s theory the cantilever appears have developed cracks, 
does not leak. Leakage prevented the weight the masonry. Although 

Proceedings, Am. Soc. E., December, 1921, 795. 
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dam may have failed gravity action and developed horizontal cracks 
the up-stream face, the concrete near the down-stream side under high com- 
pression. Therefore, cracks, due bending the cantilever, will hardly ever 
extend through the dam for this same reason. The conditions are different for 
reinforced tanks for which the vertical walls have not been tied ade- 
quately the base take care the vertical bending moment. such 
faultily designed tanks, the bending moment the base the thin and light 
vertical walls generally starts crack, and uplift and shear the rest, thus 
effecting measurable movement between vertical walls and base, and leakage 
almost certain occur. dams which may from ft. thick 
the base and which are prevented from considerable movements the rela- 
tively close vicinity the side abutments, there little chance for crack 
extend all the way through, the weight the masonry above will always 
tend close crack and seal tightly the down-stream part. 

Mr. Mensch further asks why arch, which according the writer’s 
approximate method ought show serious defects, does not fail? may 
stated that the example which Mr. Mensch makes particular reference 
rather extreme case,* that is, “arch” for which the thickness about 1.3 


formula, applied hingeless, unreinforced arch, gives reliable 
results only the arch has open cracks. show that excessive 
tension occurs such arch certain places, that cracks may expected 
the tension side, such cracks act statically kind “hinge” and the 
assumptions for hingeless arch are void and, therefore, also the formulas 
based such assumptions. crack (partial hinge) which, for instance, 
may have opened due rise the arch temperature when the reservoir was 
empty, closed entirely the pressure the rising water, the arches may 
again considered hingeless for purposes stress although, 
the crack still exists. 

make this point clear, assume arch dam with reservoir empty, and 
such decrease temperature that the construction joints have opened. 
Professor Cain’s exact formula for temperature stresses, the writer’s 
approximate formula, any other formula, would furnish, for such decrease 
the arch temperature, certain stresses the abutments well the 
crown the dam. the construction joints are open, evident that 
stresses can transmitted through such open cracks, and both the crown and 
abutments the arches may without temperature stresses. However, due 
the shortening the arch sections resulting from the assumed drop tempera- 
ture, the two surfaces each joint are turned such manner that they are 
longer parallel. the water rises and presses against the arches, the 
temperature being the same, the open joints will begin bear unevenly against 
each other. For instance, the crown, the parts farther up-stream may start 
transmit the arch thrust from water pressure, while the joint may still 


times the rise Furthermore, considered that any 


Such conditions were referred the writer and Arch Action Curved 
Dams”, Transactions, Am. Soc. E., Vol. LXXXIV (1921), 134, examined the 
exact theory the elastic arch. 
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slightly open the down-stream side. Eventually, the water pressure 
may sufficient produce compression over all the sections the arch, 
and therewith the conditions for theoretical hingeless arch action are re- 
established, and the formulas apply for this condition, although the arch 
cracked. 

Furthermore, may happen that, solid arch, the thrust 
has moved outside the middle third the section and sometimes, theoretically, 
even outside the section itself. soon the tension produced the eccen- 
tricity the arch thrust large enough open crack the tension side, 
artificial “hinge” created and the arch thrust automatically moved back, 
and passes through the center the “hinge”. The assumptions hingeless 
arch, therefore, are changed for these conditions and the results from the 
formulas have interpreted accordingly. 

Such considerations may clear some misunderstandings that certain mem- 
bers seem have had from applying the formulas and the 
writer with respect the present conditions certain arch dams. For arches 
that are adequately reinforced, the formulas apply within their limits 
accuracy, without modification. 

Professor Cain’s numerical examples, using his exact method and 
paring the results with those obtained the writer’s approximate formulas, 
should prove instructive. Thus, the similarity the results respective 
applied the arch slice Elevation 1115 the Salmon Creek 
Dam rather striking. The stresses the crown were found be: 


Cain. 
the extrados, 468 461 lb. per sq. in. (compression) 
the intrados, f,= 126 per sq. in. (compression) 
and the abutments, 
the intrados, 656 645 lb. per sq. in. (compression) 


The difference between the two results appears slight with 
the results obtained the cylinder formula which furnishes, both the crown 
and the abutments, uniform axial stress 307 lb. per sq. in. 

The point that the writer desired bring out the determination the 
stresses from measured deflections was particularly show the wide dis- 
crepancy between cylinder theory and actual conditions. immaterial, 
therefore, whether the results the approximate formulas differ few pounds 
per square inch from the theoretically correct values, long the apparent 
defects existing arch dams may brought, easily comprehensible 
manner, the attention engineers. order obtain more nearly correct 
results the writer’s method, would necessary determine the actual 
load the arch the method combined and arch action. For 
illustrative purposes, however, the figures given may considered 
ficiently accurate arouse the interest engineers arch deflection stresses. 

The writer unable agree with Professor Cain’s interpretation the 
part played temperature deformations, the stresses arch ring are 
determined from the deflections. The formula for the deflection, 
page 80,* seems incorrect far the part referring temperature 
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This evident from Fig. (a) and Fig. (b)* from which this 
formula was derived. also differs considerably its results from Professor 
Cain’s exact formula for temperature deflections. 

Furthermore, the writer questions whether the assumption “dam simply 
supported the base, with bending moment there”, will ever valid 
the case high dams. Such dam may have developed cracks and, therefore, 
partial “hinge” near the center the canyon, but such cracks hardly ever 
will extend all along the side abutments. Therefore, bending moments the 
base are certain exist the vertical cantilevers nearer the side-hills. 
Furthermore, the weight the masonry high dams will always exert 
considerable moment the base, which acts opposite direction the 
moment produced water pressure. The deflections arch are influenced 
materially, also, the moment exerted the weight the dam and the 
neglect this weight moment, made the assumption “no bending moment 
the base”, may lead results more less error. 

Professor Cain’s theoretically exact deflection Formula (15)+ for which 
were given Table will great help many cases. 
matter comparison those coefficients were plotted Fig. together 

2 


with the coefficients, 1.56, and 


the writer’s approximate deflection 


formulas. 


n 
= 
~ 
a 
~ 


100° 120° 140° 160° 
Central Angle Arches 


15. 


will noticed that the difference comparatively small for most arches 
the upper parts arch dams where free arching may occur. cases 
where accuracy great importance, Professor Cain’s exact coefficients 
should used for calculating deflections, preference the writer’s approxi- 
mate formula. the writer’s opinion, both formulas should applied with 
caution for very thick flat arches. 
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The writer fully appreciates the excellent results arrived Professor 
Cain his admirable paper “The Arch under Normal Loads”.* 
Engineers who desire design arch dams with the utmost degree accuracy, 
will find satisfaction Professor Cain’s formulas. Hydraulic engineers who 
prefer simple formulas, simply arrived at, may satisfied use the writer’s 
approximate theory arch dams. Occasional check for critical 
cases, for instance, when the stresses, the approximate method, 
appear near the permissible limits, may made the exact theory and 
without unduly lengthening the procedure. 

The writer unable appreciate the efforts Mr. calculating 

the influence shear the deflections the Salmon Creek Dam. 
calculating the angle the base the dam, Mr. Jakobsen the 
cantilever carrying all the load for the full height the dam, and the 
arches nothing, whereas apparently the opposite more nearly correct this 
particular case. Therefore, Mr. Jakobsen’s results are evidently greatly 
error. 
the second example, relating the short cantilever below Elevation 1035, 
Mr. Jakobsen apparently overlooked the fact that the writer gave the value, 
000 000 only for the purpose illustrating the impossibility such 
cantilever deflecting “elastically” the amount measured. The total water pres- 
sure the 28-ft. cantilever little more than 250 000 only about 
the load assumed Mr. Jakobsen. His calculated shear deflection, therefore, 
nearly one hundred times too large. 

the probable size the crack the base the Salmon 
Creek Dam, Mr. Jakobsen makes the assumption that the cantilever stands 
its edge, which absurd, considering the fact that the weight the masonry 
above nearly 700 000 per lin. ft. dam. 

The writer also unable follow Mr. Jakobsen’s reasoning, that unre- 
concrete beam the size considered his example and for which 
standard calculations indicate tensile stresses Ib. per sq. in., should 
not but “shows that the ordinary bending formulas are entirely 
inapplicable.” 

There little probability seeing, from distance, the cracks the 
warped down-stream face the Salmon Creek Dam, either Elevation 1075 
Elevation 1155, and this may the reason why such cracks, apparently have not 
been discovered. the upper elevation, the dam only ft. thick, and there 
reason assume that beam this thickness should act greatly 
variance with theory, Mr. Jakobsen would have one The fact 
that apparently one has seen those cracks not conclusive proof their 
non-existence, and standard calculations show, theoretically, tension stresses 
times larger than average concrete known able stand without 
breaking, the conclusion the occurrence cracks would appear 
well justified. 

Mr. deserves much credit for having called attention such 
able manner the probability uneven loading the horizontal arches 
certain dam sites. fact, the writer has had the same experience similar 
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cases, and for this reason has suggested* that “in addition the foregoing 
investigation the cross-section the dam near the arch crowns, general 
will desirable investigate also the sections about the quarter points 
any other points] the highest arches, The writer has come 
the conclusion that all cases for which the difference the arch load 
the crown and near the abutments not very large, the maximum load may 
assumed acting uniformly over the whole arch. and 
shrinkage have the tendency. move the arch thrust the abutments toward 
the air side the arch, thus approaching again more closely the circular 
form arch axis. However, every dam site has its own peculiarities and 
definite rules can stated. 

Mr. excellent presentation the derivation exact formulas 
for secondary arch stresses noteworthy, and his curves which show the over- 
estimate the value the deformation thrust, for the various approxi- 
mations, will good service designers. Thus, possible judge from 
those curves whether, for arch given dimensions, the error involved 
the use approximate formula large enough warrant the application 
more accurate one; one may use the approximate formulas and deduct 
the percentage error, according Mr. Miller’s arrive the 
exact values. 

Mr. questions whether the writer’s formulas for cantilever deflections 
are strictly applicable dams. Any theory applied unreinforced con- 
crete structure which has developed cracks, naturally more less un- 
reliable for such state deformation, because the statical conditions 
the structure may have changed considerably the instant that cracks 
the formulas indicate excessive tension, and, therefore, the 
probability cracks, not wondered the actual deflections are 
out all proportion what pure theory would show them be. hard 
imagine thick dam simply supported (“hinged”) without rather com- 
plex conditions resulting the base from large deflections. 

has been claimed some engineers that the usual methods calculating 
the deflections and stresses cantilevers not apply the vertical cantilever 
slices arch dams. For thin and comparatively low dams, there 
reason why the standard methods structural design should not applicable 
with the same degree accuracy building bridge construction. For 
instance, the Barren Jack Dam only ft. thick the base and ft. 
thick the and the concrete probably the same quality that 
other structures, that the same assumptions and laws may applied. 
possible, however, that, for very high and thick dams, the usual assump- 
tions Hooke’s law, modulus elasticity, may have modified 
somewhat. The question is, how far and for what size dam are such new 
applied. This can only determined tests. 

engineers also rely, great extent, the “flow” concrete under 
high compression, and the “time factor”. The writer would suggest caution 
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applying such assumptions indiscriminately and before definite rules have 
been established tests dams. the present state knowledge, would 
appear safer practice calculate the stresses arch dams according 
the well established theories and assumptions used the design other 
structures, and then make, desired, correction for flow, time 
factor, 10, 20, 50%, whatever may judged reasonable 
for the particular structure question. 

Cantilever and arch deflection stresses considerable magnitude are likely 
any arch dam, and such stresses should taken care of, 
addition those resulting from pure cylinder action. should 
designers arch dams continue imitate the ostrich which said bury 
its head the sand the endeavor hide from threatening danger. 

One the ‘main purposes the writer’s recent papers was arouse 
among hydraulic engineers more general interest with regard true arch 
action arch dams. Instead following strictly theoretical lines, others 
had done, chose simplify the various problems encountered developing 
approximate methods and formulas that might more easily understood and 
more readily applied, without the necessity delving into all the intricacies 
the theory elastic arch. Several exact methods designing arches 
according scientific principles were developed score more years ago. 
One the main reasons why such methods have not been used more generally 
for arch dams their complicated form which makes difficult for the 
average engineer study and apply these methods the usual short time 
allowed for the design dams. The writer hopes, therefore, that his approxi- 
mate formulas may help engineers intermediate step the 
ladder perfection. 

Other cases are known structural design where approximations are used 
extensively for the sake simplicity. The most striking example the 
present standard design continuous girders, for which the coefficients 
theoretically more exact but much more complicated “three-moment equation” 
Clapeyron. Engineers versed structural design are well aware that the 
difference between the approximate and the theoretical results often 50% 
and more, particularly the case heavy live load continuous girders 
uneven spans. However, the approximate formulas are almost universally 

use, account their simplicity. 

conclusion, the writer wishes emphasize again the desirability 
taking deflection and temperature measurements arch dams. order 
obtain results within reasonable time, suggested that the Society 
invite every member who may able secure such data, submit them 
for publication and order make the results obtained 
from the measurements various dams more easily comparable with each 
other, and conclusions drawn covering great variety 
conditions, similar program with regard the measurement deflections 
observers. 


and are used for calculating the bending moments, instead the 
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Discussion* 


commended for his initiative and promptness collecting much valuable 
data regarding the San Antonio flood and for his service the Profession 
making such data available. 

The writer has prepared this discussion for two 


make available printed form, advance official publication, 
the records stage and discharge San Antonio River, that are file 
the office the Geological Survey and the State Board Water Engi- 
neers Austin, Tex. 

2.—To prevent the impression that reasonably accurate rating and deter- 
mination discharge during the flood could not made, because the water- 
stage register, referred the author, was located the South Alamo 
Street Bridge, which failed. 


discussing the accuracy with which the discharge could determined, 
the writer unable recall the exact statements made the author 
different times, immediately after the flood, but was then the opinion 
and probably conveyed the idea that the rating was less accurate than the 
final analysis indicates. 

Like practically all such determinations during great floods, the calcula- 
tions maximum discharge and run-off are liable considerable error. 
The writer believes, however, that the accuracy with which this flood has been 
measured relatively high, because practically complete graph record 
stage was obtained and because the stretch channel short distance down 
stream from the gauge was relatively favorable for the determination peak 


Discussion the paper Terrell Bartlett, Am. Soc. E., continued from 
March, 1922, Proceedings. 

Author’s closure. 

Dist. Engr., Geological Survey, Austin, Tex. 
Received the Secretary, March 1922. 
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discharge the slope method. Sufficient current-meter measurements 
discharge are available for the low and the medium stages, that gross 
errors are possible the rating. (See Table 1.) 


TABLE 1.—List DiscHARGE MEASUREMENTS SAN ANTONIO RIVER, 
San Antonio, 


Discharge, 


Location. 
second-feet. 


gauge 


“ 


Slope 2000 ft. below gauge 

Sept. 10, Current-meter|Nueva Street Bridge 
miles above gauge 

Sept. 10, Railroad bridge 400 ft. 
above gauge 

Sept. 21, gauge 


+Measurements cross-section aud slope were made September 15th 1921. 


The author has stated that: 


“Tt unfortunate that the water-stage register the Geological Survey 
was located the South Alamo Street concrete bridge which failed. Although 
the gauge itself was undamaged and recorded the levels, except for hours 
the crest, the failure the bridge interfered with the channel, that 
rating curve can established for the flood conditions.” 


The water-stage register was installed April, 1920, the Engineering 
Department the City San Antonio, according plan prepared the 
Water Resources Branch the Geological Survey which maintains 
District Office Austin co-operation with the State Board Water 
Engineers. The site, the down-stream side the right abutment the 
South Alamo Street Bridge (Fig. 5*), was selected Hans Helland, Am. 
E., then City Engineer, and the writer, after thorough examination 
the course the river through the city and careful consideration all 
conditions that might affect the accuracy gauge records and the determina- 
tion discharge. The writer now more firmly convinced than ever that 
better record the flood could not have been obtained any other location, 
except, possibly, farther down stream, the vicinity the section used for the 
determination discharge the slope method. The use that section, 
however, dangerous owing the possibility back-water from San Pedro 
Creek and from débris that likely collect the crossing the Missouri, 
Kansas and Texas Railroad Bridge. study the overflowed area and 
the condition the channel, due obstructions caused débris collected 
bridge piers and other constricted sections, shows that the relation between 
stage and discharge any section above the South Alamo Street Bridge would 
have been decidedly uncertain any time during the flood, and that the 
flow water below the gauge was relatively unobstructed and permanent. 


Proceedings, Am. Soc. November, 1921, 447. 


Gauge 
oO 
ment. 
March 11, 1921 2.51 391 
Sept. 3.31 622 
discharge measurements, not listed, have been made stages less 
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Even after the bridge had failed and partly collapsed, the channel was 
not reduced much was many other bridges which did not fail, but 
which greater quantities débris were collected. Practically, the only 
effect the failure the bridge had the rating, was caused few small 
blocks which broke loose and lodged the channel below the 


Disvharge in Second-feet 
Before 3 A.M,| After 3 A.M. 
Sept. 10, 1921} Sept. 10, 1921 

49 
200 


Gauge Height, feet 


Second-feet 


gauge. That effect has been determined quite definitely comparison 
measurements made before and after the flood, relatively low stages. (See 
Fig. 9.) The difference discharge between the curves, considered per- 
centage total discharge, would less for higher stages and would 
negligible the crest; theréfore, the absence definite information 
whether the blocks found the channel after the flood were 


Elevation, feet 


140 160 180 200 220 240 260 280 
Distance from base line, feet 


10. 


| 
Gauge 
in feet | 
Curve used after 
O4 
TABLE 1 FOR LIST OF DISCHARGE MEASUREMENTS : 
HYDRAULIC FACTORS Looking 
|465.00000 
Total QE 15 Second-feet 
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dropped there before after the time the maximum stage, both curves 
have been drawn through Measurement No. 89, which represents the dis- 
charge the maximum stage. 


TABLE anp San Antonio River, 
SEPTEMBER 9TH-10TH, 1921. 


SEPTEMBER 9TH 1921: SEPTEMBER 10TH, 1921: 


4.9 
4.5 
4.3 
4.1 
3.9 
3.6 
8.68 


The discharge the maximum stage was determined the slope method, 
using Kutter’s formula. The high-water slope had been well marked 
floating oil. stretch straight channel, 800 ft. long, about ft. down 
stream from the gauge, was selected. The center this stretch near the 
intersection Temple Street with the river. Cross-sections were taken 
every 100 ft., and the slope was carefully measured both banks. The slope 
the left bank, for the upper 375 ft. and the lower ft. the stretch, was 
irregular and differed form from that the right bank. The left bank 
which bordered buildings and other obstructions, was overflowed but 
the right bank which high, was not overflowed. The difference was prob- 
ably due these facts. For the intervening 375 ft., the slopes the two 
banks were close agreement, and the mean slope was used, the area being the 
mean the area stations 400, 500, 600, and 700 ft. below the upper end. 
Fig. shows the mean cross-section and tabulation the hydraulic factors. 
making the computations, the cross-section was divided two parts, 
because different conditions roughness and mean depth. The channel 
the slope section straight and relatively clean and unobstructed compared 
with other parts the river. Fig. view the channel looking 


Hour. Gauge 
height, in 
5-6 ‘ 588 49 15.40 7 300 603 : 
9-10 512 8.72 090 173 
10-11 422 7.67 640 136 
397 5.17 741 
9-10 580 126 306 
11-12 510 290 279 
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SLOPE STRETCH USED DETERMINATION PEAK DISCHARGE LOOKING 
STREAM. 


Fic. FROM RIGHT BANK NEAR CENTER SLOPE STRETCH. 


3 ; A 

985 


| 

j 
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stream from point the right bank just below the lower end the slope 
stretch, and Fig. view from the right bank near the center the 
slope stretch, showing the condition the left bank and the flood line it. 

Fig. shows graph the gauge heights San Antonio River and 
San Pedro Creek. The water-stage recorder San Antonio River did not 
operate when the stage was above ft., during the period from 1.45 5.45 
M., September 10th, 1921. The estimated part the graph, however, 
can not greatly error, because the maximum height 20.14 ft. 
clearly marked the gauge house, and the time has been quite 
definitely established M., statements residents living near the 
gauge, who also have stated that the crest stage lasted about min. 


Maxi ximum stage 
from marks in ‘eau h 


Estimated, above lo ft. 


Gauge Heights, Feet 


San| Antonio Riv r\water 
overflowing into ‘channel 


RAPH 

SAN ANT( 


Fic. 13. 


Table which gives the mean hourly gauge height, discharge, and run-off, 
acre-feet, from September 9th, several hours before the flood began, 
September 10th, when the river had receded nearly normal 
stage, shows that the most disastrous flood the history San Antonio was 
caused less than 000 acre-ft. water. 

The water-stage register, San Pedro Creek, the lower end the 
covered part the concrete-lined channel that extends from Durant Street 
Arsenal Street. The graph the gauge heights San Pedro Creek 
shown connection with those the San Antonio River, because its 
possible value determining the volume water that passed over the divide 
from San Antonio River into the San Pedro Channel. The rise, shown 
Fig. coming from San Antonio River, not come from any 
other source, the flood-water from the San Pedro Basin had passed the 
gauge several hours earlier. impossible compute with reasonable 
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accuracy the discharge San Pedro Creek during the flood, because 
indeterminate volume back-water from Alazan Creek. The following 
rating table for the San Pedro gauge submitted for the benefit any one 
who may sufficiently interested attempt compute the volume water 
that passed from the San Antonio River basin down the San Pedro Channel: 


Gauge height, Discharge, Gauge height, Discharge, 
feet. second-feet. feet, second-feet. 


0.5 610 
1.0 728 
1.5 848 
2.0 970 
2.5 210 
3.0 297 
3.5 
4.0 8.0 1470 


This rating table directly applicable only such times 
did not affect the San Pedro gauge heights. The time the beginning and 
the ending back-water not definitely known, but probably began about 
September 9th, and lasted until some time during the early morning 
September 10th. The rating table for San Pedro Creek based current- 
meter measurements for discharges less than 200 sec-ft., and extended 
for discharge for more than that rate, Kutter’s formula. Above 6-ft. 
stage, the lined section overflows, and the rating subject large errors. 


portant lesson brought out both the San Antonio and Pueblo floods 
that the experience one two generations not sufficient estimate 
safely the maximum flood dangers. The memory the public general 
short, and the many parts the United States that have been settled 
only within the last 100 years, engineers, too many instances, have 
based their judgment flood discharges the experience single genera- 
tion less, without thorough investigation the traditions from even the 
preceding generation. 

Where reliable records flood discharges cover period less than 100 
200 years, appears that the most reliable estimates maximum possible 
flood intensities can based best comparison possible rainfall inten- 
sities with the storms that have produced floods known dimensions. 
such studies indicate flood magnitudes far excess the experience one 
two generations, and cases where absolute safety requisite, the engineer 
must have the courage stand his convictions providing for the unpre- 
cedented. Had not been for the old Spanish record 1819, doubtful 
whether any engineer would have estimated flood discharge more than double 
the greatest otherwise known San Antonio. 

Mr. Hazen’s faith the frequencies amply supported that 
San Antonio flood.t Save for this fragmentary Spanish record more than 
century ago, the 1921 flood might well have been regarded anomaly, 


Cons. Engr. (Bartlett Ranney, Inc.), San Antonio, Tex. 
the Secretary, March 9th, 1922. 
Soc. E., March, 1922, 707. 
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upsetting all theories probability. However, found, stated Mr. 
Sherman,* that the estimated flood 100-year frequency, determined from 
rain storm intensities, closely substantiated two floods 102 years apart. 

Another clue possible flood stages the geological structure 
stream valley. Where there well-defined flood-plain structure, estimated 
maximum flood discharge that does not correspond with flooding such 
valley, may well questioned. instance this kind that part 
the Rio Grande Valley Southern New Mexico, known the Mesilla Valley, 
where there has been overflow the entire flood-plain times, 
but where Indian tradition tells destructive floods. Fortunately, this valley 
now protected the Elephant Butte Dam. 

With reference the question the discharge rates the various streams 
San Antonio, raised Col. all the estimates are based measure- 
ments slopes and cross-sectional areas, made after the flood, and great 

can expected. reviewing the various estimates flood dis- 
charge, the writer opinion that the values given Table may 
finally recorded the most probable crest discharge rates the floods 
September, 1921. 


TABLE 


Area water-shed, 

Stream. square miles. 

Total. Per square mile. 


The variation discharge rates per square mile not seem unreasonable, 
considering the differences slopes, topography, and rainfall and, 
the case the San Antonio River, the pondage the city. 

The timely discussion Mr. Ellsworth great value showing the 
degree accuracy obtaining the Geological Survey estimates discharge 
and correcting general statement the writer, which might have been 
misunderstood. 

resident San Antonio and observer the 1921 flood there, 
the writer impressed with the importance the human social aspects, 
contrasted with purely considerations, determining the extent 
and character flood-prevention works. cases where possible loss life 
factor and where there may many instances ruinous individual 
losses, rather than measured financial loss distributed whole community, 
the expenditures for preventing floods may justifiably exceed the amount 
computed capitalizing the probable average annual flood losses. 


Proceedings, Am. Soc. E., December, 1921, 801. 
Ibid, March, 1922, 708. 
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HARBOR WATERS 


Discussion* 
Messrs. KENNETH ALLEN AND 


polluted waters are improved re-aeration matter much importance 
towns along the shores. requires little acquaintance with the subject 
impressed with the difficulty arriving any reliable quantitative solu- 
tion the matter largely affected, known be, disturbances 
the surface and the overturning caused the wind, currents, changes 
temperature, ete. 

general, the pollution any point stream depends (a)’the dis- 
solved oxygen the source pollution; (b) the oxygen demand the 
polluted water that point; (c) the amount re-aeration occurring between 
these two locations; and (d) the depletion dissolved oxygen that takes 
place between the two points due biological action. 

The technique for the first two determinations fairly specific and reliable, 
but estimates the re-aeration and biological demand that take place 
transit are subject many influences, and the laws governing these 
phenomena are either obscure else lacking common endorsement, 
that such estimates forecasts should carefully weighed and expressed 
without too much assurance. 

Temperature plays important part the percentage saturation 
polluted waters, that cold-weather observations are little value. Also, 
stated Mr. Gould, the effect winds and currents great, that reliable 
results can only had from the average many tests. 

tidal streams, there tendency stratification, due the lower 
gravity the polluting sewage and the intrusion the clean under- 


Discussion the paper Richard Gould, Assoc. Am. Soc. E., continued from 
March, 1922, Proceedings. 
San. Engr., Board Estimate and Apportionment, New York City. 
Received the Secretary, March 15th, 1922. 
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run from the ocean, that dissolved oxygen determinations may mis- 
leading samples are not “representative”. That this stratification may 
greatly disturbed quite apparent from cross-sections salinity, shown 
different points New York Harbor the Final Report the Metropolitan 
Sewerage Commission (salinity this case being indirectly proportional 
pollution). For this reason, any attempt compute the oxygen supplied 
the Upper Bay through The Narrows the excess the saturation the 
flood over that the ebb current, the author has done with the Arthur 
Kill, would misleading. Moreover, the constant change conditions, due 
tidal flow, introduces further complications. The dilution land-locked 
tidal basin the ratio the tidal prism the volume sewage entering 
during tidal cycle. Other things being equal, shallow bay, such Jamaica 
Bay, has the advantage over deep body water, that larger propor- 
tion its volume discharged the ocean with every ebb; for although the 
ultimate dilution the same, high tide larger proportion new and, 
presumably, better oxygenated water. 

The problem re- -aeration has been dealt with orderly way Mr. 
Gould, and his results are presented clear concise manner. Fig. 
which computations re-aeration are based, furnishes the information 
required convenient form. The writer, however, has been unable check 
the results plotted from experiments the Metropolitan Sewerage Commis- 
sion, and, the matter considerable importance, hopes that the 
author will describe more fully, his closure, how arrived these and his 
original experimental data. This particularly desirable the values 
gives for re-aeration are considerably excess some others that have been 
published. 

The absorption oxygen per unit surface most convenient figure 
use, but looking over the results various experimenters has been difficult 
impossible interpret them this form without assumptions which 
not seem have sufficient sanction. 

With regard the réle played absorption from the air, Phelps, 
Affiliate, Am. Soe. E., 


“With the deep and relatively quiescent waters New York Harbor re- 
aeration was found almost negligible factor, the capacity such 
body water oxidize pollution practically limited the amount 
available oxygen brought from the ocean with each tide. 

“Tn rivers the conditions are reversed, the initial volume available oxygen 
small compared with the total capacity the stream oxidize pollution. 
rivers the chief factor.” 


also states, “when the atmosphere calm and saturated with 
moisture, the rate re-aeration will practically zero”, but points out 
further that this rule does not apply other conditions and that “the rate 
re-aeration must therefore extremely variable quantity”. 

matter fact, the surface the Upper Bay nearly always more 
less disturbed not actually broken waves, and has been shown 
Adeney, Ellery, and Borst that this increases the rate re-aeration marked 


Reprint No. 214, Public Health Reports. 
Report, Metropolitan Sewerage Comm., 1912, 
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extent. This provides sanction for using higher rates practice than those 
determined experimentally with still water. Professor Phelps has estimated 
the effect mixing due vessels, wind, and tide, re-aeration New York 
Harbor, but, after all, the writer thinks will admitted that little known 
about the actual rate re-aeration specific case, for yet there 
reliable measure the influence wind humidity, either which may 
safely assumed overshadow any rates for still water. 

Dr. Hugh Cumming, the Public Health Service (now Surgeon- 
General), found* September, 1913, that flowing from Washington Fort 
Foote, five days, the dissolved oxygen the Potomac River was reduced 
from 8.13 4.88 parts per million. The oxygen demand Washington 
sewage, however, determined for that month, was 7.14 parts per million, 
which would have left only 0.99 parts per million reaching Fort Foote. The 
remainder 3.89 parts per million was made re-aeration. 

matter which usually not considered, but which may have important 
bearing the oxygen content stream, the regeneration this gas 
plant life. The plankton that abound the tidal flats the Potomac River 
have been estimated furnish 17.7 lb. per acre daily oxygen the waters, 
under favorable conditions. was computed Mr. Purdy, con- 
nection with the investigation Dr. Cumming referred to, that with 
oxygen demand 300 parts per million, 000 gal. Washington’s sewage 
would require 2500 lb. oxygen for its decomposition, that this could 
accomplished the plankton 141 acres tidal flats. 

“In other words, this flat will provide sufficient oxygen for the first 
hours’ natural purification nearly million gallons Washington’s 
sewage Purely physical re-aeration certainly not over 
per cent. the total effect, and proper allowance could made for the 
residual biological action upon cloudy days, perhaps per cent. full sunshine, 
this figure would materially reduced.” 

situations similar the one cited, was pointed out the late Emil 
Kuichling, Am. Soe. E., his testimony the Passaic Valley Sewer 
Case, that the transition from fresh-water sea-water conditions vice 
versa these minute forms vegetable life not prosper, and probable that 
their influence providing oxygen such tidal bodies water are found 
New York Harbor not great. 

Mr. Gould has estimated the quantity dissolved oxygen available for the 
oxidation the polluted waters Newark Bay and indicated how this 
method may applied New York Harbor. Such computations aid 
arriving fair ideas relative values and are generally illuminating, but 
much more definite knowledge the influence salinity, depth, wind, and 
humidity necessary questions re-aeration, and regarding the draft 
this supply decomposing sludge beds, order predict results with con- 
fidence. Adeney, for instance, finds rate for re-aeration sea water 2.7 times 
that fresh water, with increase proportional the depth least ft., 
but leaves one doubt greater depths, whereas Phelps makes the rate 
nearly inversely depth and directly proportional the depletion, with 


See Hygienic Bulletin No. 104. 
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corrections for the effect mixing. the effect sludge deposits, also, 
there wide divergence opinion. 

Taking Adeney’s results, applied the Upper Bay during average 
August conditions, well can told, and 1920 populations tributary 
the Bay, the supply and demand oxygen may compiled follows, 
ignoring, for the time, any demand the underlying beds sludge. 

Population.—The population tributary New York Upper Bay, assuming 
that sewage entering the Hudson River above Yonkers, Y., oxidized 
before its arrival, follows: 


Water Areas.— 
Hudson River below Mt. St. Vincent..... million sq. ft. 


Stream Flow August, per Tidal Cycle Lunar Hours.— 

The Narrows, new sea water, entering the 


The quantity dissolved oxygen brought into New York Harbor streams 
and utilized oxidation sewage, given Table 


TABLE 
DISSOLVED OXYGEN. 
Reduction saturation. 
parts per pounds per 
million. day. 
80% 37% 3.61 249 142 
97% 46% 3.76 689 106 


Dissolved Oxygen Supplied states this 
the rate 0.03 cu. cm. per liter per hour, for completely de-oxygenated fresh 
water, increasing proportion the salinity 0.08 cu. em. per liter for 
sea water, and that this holds good for depths ft. this arbitrarily 


q 
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assumed limit and also that the rate re-aeration directly proportional 
the depletion found the different bodies water, found that: 
Pounds oxygen absorbed from the atmosphere hours 0.01285 
[0.03 0.05 (proportion sea water times depletion DO)], 
the first coefficient being the pounds oxygen contained column water 
ft. square and ft. high containing cu. per liter. 
Applying this the problem hand, Table gives the following data. 


TABLE 

ercentage coefficient, absor 

Stream. dissolved pounds per per day, 
oxygen. square foot pounds, 

per day. 

60.0 0.00049 206 000 
Upper East River 76.5 0.00052 145 600 


using rates absorption observed Phelps and Ellery 
would give lower resulting values, whereas the oxygen carried stream- 
ing depths below ft., the result would increased. 

Oxygen Demand Sewage.—It estimated that 1920 the sewage 
413 700 persons New York and 671 200 persons New Jersey found its 
way New York Upper Bay, total 084 900 persons. 

Langdon Pearse, Am. E., from many “tests large sewer 
serving 300 000 people, with marked industrial wastes” finds* equivalent 
0.22 oxygen per capita required for complete oxidation. The total 
demand for New York Harbor, therefore, may estimated 0.22 084 900 
1558700 lb. have, therefore, 


Dissolved oxygen supplied entering streams.... lb. 


Dissolved oxygen demanded sewage.......... 


This would seem indicate that, under August conditions least, the 
main supply oxygen the Upper Bay from the incoming streams, Also, 
that the sewage was well diffused and there was draft the oxygen 
from underlying sludge, there would remain balance 304 400 one- 
sixth the whole supply, take care further pollution. Additional proof 
required, however, before positive assertion true values can made. 
does not seem practicable, with the present knowledge the subject, 
estimate closely the influence the wind and the stirring the water 


Proceedings, Am. Soc. E., December, 1921, 638. 
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steamships and ferries re-aeration, that decomposing sludge deposits 
de-aeration. 

Nevertheless, such studies that which Mr. Gould has presented this 
paper are most valuable aids forming correct opinion the present 
and future degree pollution body water, and great credit due for 
the manner which the subject has been prepared and presented. 


paper deals with problem which, although fairly simple its fundamental 
underlying principles, often extremely complex when effort made 
apply these principles particular case. This true not only problems 
involving the re-aeration semi-quiescent bodies water, such New York 
Harbor, but also those which deal with the re-aeration flowing streams, 
although the latter case the factors entering into solution such 
problems are usually subject more exact measurement. Whatever the type 
the particular body water under consideration, however, there are certain 
fundamental reactions which must taken into account determining its 
re-aeration capacity. 

The changes which occur the reserve dissolved oxygen content all 
polluted bodies water are governed reactions, each which 
progressive large extent and more less independent the other. The 
first these progressive withdrawal dissolved oxygen from solution 
order satisfy the oxygen demand the oxidizible organic matter present 
the water. This essentially bio-chemical reaction, requiring, for its 
progression, three elements: (a) oxidizible organic matter; (b) reserve 
oxygen solution; and (c) oxidizing bacteria act the reaction. 

The second reaction consists replenishment the reserve oxygen 
supply through: additional dilution water containing oxygen; (b) libera- 
tion oxygen certain forms aquatic plants; and (c) physical solution 
oxygen from the atmosphere. The addition oxygen through the medium 
dilution water matter physical admixture, its relative importance 
any case depending the quantity water added and the rate which 
thoroughly mixed with the body water under consideration. 
The addition oxygen through biological re-oxygenation and atmospheric 
re-aeration, however, are both essentially progressive reactions, dependent, for 
their rates progression, highly complex series factors widely 
differing the two cases. Thus, purely biological re-oxygenation, which 
has been referred Mr. being possible factor great 
importance the re-aeration tidal estuaries near New York Harbor, 
depends the presence certain plants and their essential food elements, 
together with highly complex series environmental conditions favorable 
their activity. Among these the influence light has been emphasized 
the work Purdy, Forbes, and others, which has shown that where biological 
re-oxygenation exists, its progress greatly stimulated during daylight and 


Received the Secretary, March 31st, 1922. 
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Atmospheric re-aeration, however, wholly physical reaction, dependent 
primarily the rate solution oxygen the water surface. 
This rate direct function the proportion oxygen the overlying 
atmosphere and likewise directly proportional the deficit oxygen 
saturation existing momentarily the absolute surface.* complete and 
absolute stagnation existed the body water under consideration, the 
quantity oxygen absorbed directly from the atmosphere would relatively 
small, since, has been shown Phelps,+ once the extreme surface film 
water became saturated with oxygen the partial solution pressure existing 
under atmospheric air, the penetration oxygen lower strata would 
dependent diffusion, which slow process, once gradient has become 
established. Available evidence indicates, however, that complete stagnation 
practically never attained natural bodies water, even under conditions 
extreme quiescence. Under these circumstances, the extreme saturated 
surface film being constantly broken and replaced under-saturated 
particles water, the presence which, contact with the atmosphere, 
restores instantly the solution reaction. The actual rate solution, there- 
fore, governed largely the rate surface replacement saturated 
water partly de-saturated water. flowing streams, where the replace- 
ment rate extremely high, its progression determined almost wholly 
conditions influencing turbulence flow, extensive observations the 
Ohio and Illinois rivers, the Public Health Service, have shown. 
quiescent and semi-quiescent bodies water, this rate, although 
undoubtedly lower than flowing streams, governed primarily the same 
factor vertical which, streams, termed “turbulence”. The 
work has indicated that wind action may be, and probably is, 
responsible for large part the variation taking place the degree and 
depth vertical mixing quiescent bodies water. Other things being 
equal, this factor probably far more important one determining the 
re-aeration bodies water exposed wind action, than the increased 
surface area gained the water under 

The point, which the writer particularly desires emphasize, however, 
that whenever polluted body water exposed progressive re-acration, 
the processes de-oxygenation and re-oxygenation proceed according two 
virtually independent reactions. Whenever the rate de-oxygenation exceeds 
that re-oxygenation, the dissolved oxygen content will progressively 
lowered until either sufficient proportion the initial oxygen demand has 
been satisfied sufficient additional re-aeration has been attained 
bring about equalization actual reversal the two relative rates. 
From this point, reserve oxygen sets in, disturbed only the 
introduction fresh pollution modification the re-aeration rate. 
streams, such the River which receives the greater part its 


This merely direct application the law velocity solution derived experi- 
Noyes and Whitney, Zeitschrift fiir Physik. Chemie, Band XXIII (May, 1897), 


Report Pollution New York Harbor, Board Estimate and Apportionment, New 
York City, 1911. 


Theory the Water Am. Soc. E., Vol. LXXI (1911), 
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pollution point near its head-waters, the influence changes the 
balance these two reactions the retrogression and subsequent recovery 
reserve oxygen the river may traced for many miles below point 
major pollution. 

Interpreting the author’s data from the standpoint the foregoing prin- 
ciples, evident, first all, that true measure progressive re-aeration 
bodies water similar New York Harbor, whether from biological 
atmospheric sources, cannot obtained without taking into account both 
the initial and residual oxygen demand these waters, the difference, when 
corrected for changes dilution, representing the amount which has been 
during the particular cycle observations. the dilution factor 
finally becomes sufficiently great the outer harbor reduce the residual 
oxygen demand value low that cannot measured, the problem 
virtually indeterminate, the base line necessary for measuring the quantity 
oxygen demand actually satisfied (and, consequently, the quantity oxygen 
absorbed from solution), has been destroyed. would hardly appear, how- 
ever, that this need necessarily the case, provided that sampling stations are 
selected, with the end previously stated view, and provided, 
further, that determinations residual oxygen demand these stations can 
corrected for the demand the diluting sea water. 

further complication this kind lies the importance 
the time factor all the progressive re-actions which have been noted. 
flowing stream, this factor may determined with fair degree 
accuracy, but, tidal bodies water, the problem often rendered almost 
hopelessly complex the vagaries tidal movements, accompanied some 
cases marked and sudden changes dilution. Where the age given 
body polluted water, measured the time elapsed between entering and 
leaving the harbor waters, relatively long, say, days, the error 
involved approximate assumptions bearing the time factor not great, 
but where small fall within limits days, the error 
involved such assumptions may considerable. The assumption made 
connection with the author’s calculations, judging from his use the 48-hour 
oxygen demand their basis, would appear fall the latter category. 

connection with the figures given the author, relative the 48-hour 
oxygen demand New York sewage, may interest note that experi- 
ments conducted the Public Health Service connection with stream- 
pollution studies the Ohio and rivers have indicated that 
temperature 25° cent., average approximately 44% the total oxygen 
demand satisfied hours normal composite city sewage. This 
figure, which based experiments made the sewage Washington, 
C., Ohio, and Chicago, (in the last-named case the out- 
let the Drainage Canal), close the Metropolitan Sewerage Commis- 
sion’s figure 48% cited the author, but considerably lower than the 
Adeney figure given. point doubt concerning all figures this kind, 
where they are based small-scale laboratory incubation experiments, 
whether particular rate determined the laboratory would necessarily 
hold true for the same water sewage natural body water. 
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effort being made, connection with studies now being conducted the 
Public Health Service the River, establish basis for measuring 
the rate which the oxygen demand actually satisfied the stream itself, 
applying principles which have been stated connection with this discussion. 

The curve shown Fig. 3*, defining the rate absorption dissolved 
oxygen water different degrees saturation, illustrates interesting 
and practical way the relation between these two variables determined 
experimentally. Although the curve does not follow closely the law velocity 
solution previously noted, would hardly expected that experimental 
curve the kind would so, view the interference which diffusion and 
vertical circulation would presumably offer measurement the theoretical 
relation. affords practical basis, however, for interpreting the law under 
conditions closely approaching those the experiment, and hoped that 
further work along similar lines can undertaken. Further information 
regarding the methods used would much value in- 
vestigators this field. 

Finally, may worth while emphasize the point made Mr. Purdy 
his namely, that casting balance sheet between the 
oxygen demand and available sources oxygen satisfy such demand, the 
possible influence intensive biological activities shallow bodies water, 
similar those the tidal flats near New York Harbor, can never safely 
overlooked. Whenever marked and fairly regular increase dissolved 
oxygen noted during the daytime particular locality, exemplified 
the author’s observations the Arthur the presence absence 
aquatic plant organisms capable liberating oxygen may factor 
prime importance. 

The author has rendered real service presenting the results his 
study. hoped that further studies the difficult and important problem 
with which his paper deals, will made the future, order that cor- 
relations fundamental importance connection with problems involving 
the self-purification both streams and tidal bodies water may 
established. 
Proceedings, Am. Soc. E., December, 1921, 609. 
Ibid, March, 1922, 711. 

Ibid, December, 1921, 615. 
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Discussion* 


Am. Soc. E.—In 1921, the Civil Engineering 
Department the University Pennsylvania, co-operation with the State 
highway departments adjacent States and the Federal Bureau Roads, 
gave three weeks course Highway Engineering. The course consisted 
lectures, recitations, and laboratory work. The instruction laboratory 
work was given the Staff the Civil Engineering Department, assisted 
engineers from practice who had had large experience. The course was 
attended men, varying age from years, with average age 
years. All the men attending the course had had extensive experience 
highway engineering and many them were technical graduates. 

The second session this course was given from January 23d Febru- 
ary 10th, 1922. addition the subjects offered 1921, work was given 
Contracts and Specifications and Maintenance Highways. Hilts, 
Am. E., Principal Assistant Engineer the Pennsylvania 
State Highway Department, had charge the subject Contracts and 
Specifications which particular attention was given the duties and 
responsibilities engineer charge work. 

The brief course Engineering, which the instruction given 
engineer specialists various lines, offers opportunity for practicing 
engineers keep with modern developments design and construction. 
also offers opportunity for the practicing engineer give material 
assistance engineering education, and will also bring about active co- 
operation between engineers practice and teachers engineering schools. 
This co-operation should great value developing the laboratories and 
arranging the various courses study. business organizations are 
founded much the same lines educational institutions. The manager 
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chief engineer practically the president the educational institution; 
the assistant engineers are instructors, and the inspectors and foremen 
are assistants. The idea the organization educate all the men the 
organization, including the common workmen. The engineer and the con- 
tractor, instead working cross purposes, are active co-operation. With 
this modern organization, the technical graduate much more serviceable 
than was few years ago. Engineering graduates have always been 
they always will criticized. They are young; they have the 
faults youth, but the fortunate thing about young men that one gives 
them time, they will always get over their youth. 
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SOME NOTES THE LOCATION AND CONSTRUCTION 
LOCKS AND MOVABLE DAMS THE OHIO 
RIVER, WITH PARTICULAR REFERENCE 
OHIO RIVER DAM NO. 


Discussion* 


Ohio River for navigation purposes, under the present project, problem 
intense interest all engineers who have been connected therewith. Literature 
the subject describing the locks and dams and the methods construc- 
tion used meet the special problems that arise connection therewith, 
and Mr. Hall’s paper valuable contribution it. 

explained the author, the project for improvement has been carried 
forward progressively from Pittsburgh, Pa., toward the lower end the 
river such extent that practically all the locks and dams between Pitts- 
burgh Louisville, Ky., either have been completed placed under con- 
struction, well several between Louisville and Henderson, Ky. The 
experience gained the construction these locks and dams has been such 
more less and systematize the methods construction for 
these structures. The methods described the author for Dam No. may 
taken representative the later practice the construction locks and 
dams the upper part the Ohio River far down Dam No. 
Portsmouth, Ohio. 

Practically all the dams from Pittsburgh, and including Dam No. 31, 
are founded rock. This fact simplifies the construction account the 
inability the current erode the bottom the river when the bed 
contracted the coffer-dams utilized for construction purposes. several 
instances, dams below Dam No. 31, constructed sand and gravel founda- 
tions, extensive erosion the banks and bed the stream has occurred 
during freshets, due the presence the coffer-dams, This has resulted 
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difficult and expensive work filling the eroded area and replacing damaged 
parts the coffer-dam and other structures. 

The quantity sediment carried the river times flood also varies 
greatly different parts the river, increasing from the head-waters down- 
ward. the upper half the river, construction work was not greatly 
hindered deposits the working area within the coffer-dams during floods, 
but, the middle and lower sections, these deposits very great and 
cause considerable loss time and great expense for their removal after the 
freshets subside and before construction operations may resumed. Dam 
No. 48, near Henderson, Ky., the lowest one the series which any 
work has yet been attempted, and its history has been one great difficulties 
encountered and unexpected cost from shifting sand and damage flood 
and deposits. 

These conditions have led reconsideration the project, with view 
meeting these increasing difficulties modification the plan. 
Studies have been made with reference the possible elimination all locks 
and dams below Dam No. and substitution therefor system im- 
provement regulation. has been pretty well established that system 
regulation open channel work below Dam No. feasible, but that 
the expense such system regulation would exceed the locks 
and dams above the mouth the Tennessee River Paducah, Ky. Below 
Paducah, probable that improvement regulation would not more 
than 50% the cost improvement locks and dams. This due the 
fact that this part the river, about miles length, affected back- 
water from the Mississippi River Cairo, and the low-water discharge 
practically doubled since the Ohio receives the discharge from the Tennessee 
River, the low-water discharge which practically equal that the 
Ohio. may stated, therefore, that these studies indicate that the pro- 
ject might modified further advantage, the elimination Dams 
Nos. and that section the river between Paducah and Cairo. 

reason shifting sand bottom, broad channel the river, lack 
rock foundation within reasonable reach the surface, and small low-water 
discharge, the construction dams from No. downward will difficult. 
Moreover, back-water from the Mississippi River extends its influence the 
Ohio River low water great distances, practically the location 
Dam No. 49. 

Since the coffer-dams which these structures are built cannot with 
safety constructed exclude freshets more than ft., the num- 
ber working days possible during the year depends the number days 
the river, the site the dam, and below these stages. the upper 
part the river, where construction has heretofore been carried on, the num- 
ber days the river and below these stages relatively large, averaging 
well over 100 days per year. contrast, examination the records 
the stages the river Cairo, near the location the proposed Dam No. 54, 
shows that the river and below 18-ft. stage only about days 
the year, leaving only about months available for active construction work. 
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The present types coffer-dam, therefore, would become increasingly in- 
efficient the work progresses down stream. 

those locks that are not founded rock, certain modifications 
features, previously considered standardized, have been found de- 
sirable. prevent leakage under these structures through the sand and 
gravel foundation, has been found necessary provide cut-off wall 
steel sheet-piling extending continuously across the river from the lock the 
abutment and penetrating the bottom depth from ft. This 
cut-off wall also carried entirely around the chamber the lock 
exclude leakage into the chamber. With this continuous cut-off wall, has 
been found possible omit the concrete floor the lock, which has hitherto 
been provided, and substitute therefor layer broken stone about ft. 
thick, much less expense. Most the locks heretofore constructed have 
been provided with Poirée dam each end, for the purpose unwatering 
the lock when making repairs the chamber and gates. has been found 
feasible omit this, utilizing instead short section ordinary box coffer, 
which can placed position about the same time the Poirée dam 
and which reduces the first cost the lock several thousand dollars. 

Most the locks heretofore constructed have been provided with rolling 
gates, which type was developed suit local conditions the Upper Ohio 
River. the lower part the river many objections have developed the 
rolling gates, and has now been definitely decided construct more dams 
with this type gate, but use instead the ordinary mitering gates. The 
principal objection the rolling gate the fact that requires one two 
weeks the beginning each season after the freshets subside place the 
gates commission, reason the difficulty experienced removing de- 
posits mud and sand which accumulate the gate recess. has been 
found impracticable seal these recesses sufficiently exclude the deposits 
fine mud and sand, which are carried the winter floods and which in- 
crease greatly quantity with distance down stream. This trouble does not 
occur with the mitering gates, and the expense construction not greatly 
different from that the rolling gates. 

the operation this system locks and dams, much trouble has been 
experienced reason inability raise the dams stages higher than 
about ft. This results the impounding and holding back the dis- 
charge the river the pools those dams that are raised, with consequent 
rapid falling off the discharge the river points lower down. great 
has this effect the the river become, that much delay and 
obstruction navigation has times been experienced and below Louis- 
ville, reason the manipulation the dams and above Cincinnati. 
the number dams operation increases, the effect the lower part 
the river will become more and more marked, and, times, may result 
almost complete absorption the discharge the river, great care not 
exercised the raising the upper dams. 

meet this difficulty, comprehensive scheme control operating 
the dams will have devised, that constant reports the stages 
the river and variations discharge may received central point, 
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which will then determined the proper time for the raising and lowering 
all dams, and thus regulate them affect the discharge the lower 
parts little possible. telephone system being provided, connecting 
all dams central point, which will probably Cincinnati, and that will 
the point from which this centralized control will exercised. After 
some means can devised whereby the dams can raised stages above 
ft., much benefit will gained, and understood that attempts are now 
being made devise some method raising the dams higher stages. 

several the locks and dams, experiments have been made the 
use steel sheet-piling for the construction coffer-dams, with some degree 
success the matter increasing the number days which construc- 
tion operations can begun. This experiment being carried out most 
fully Dam No. 34. hoped that additional information covering this 
mode construction will soon available, request has been made that 
the engineer charge the construction this dam prepare report 
that type coffer-dam. 


Harts,* Am. Soc. (by those members 
the Profession who are interested the navigation inland rivers, the 
author’s painstaking and excellent paper should welcome valuable 
addition their information this subject. 

Much has been written the engineering projects undertaken the 
Ohio River during the last fifty years, but has been mainly since the adoption, 
1875, the present method slack-water means movable dams, that 
this river has acquired great engineering interest. may stated positively 
that the present slack-water system the Ohio River unsurpassed anywhere 
the world, for suitability local conditions, practicability operation, 
economy cost and maintenance, and success meeting physically the needs 
for which was adopted. 

For many years, much attention has been devoted the details 
this system, and examples successful practice elsewhere the world have 
been examined and studied and often combined with new inventions 
project for this stream, which now challenges the admiration engineers 
generally for its excellence and success. 

The east and west direction the course the Ohio, fortunately parallel 
the great east and west freight movement the area south the Great 
Lakes, together with the large deposits coal along its head-waters, often 
the very banks its tributaries, gave enormous importance the 
navigation this river earlier years and stimulated the need better 
channels and depths the pressure for fuel increased the West, and the 
size and unwieldiness coal fleets increased. 

Already, some the tributaries had been made the subject engineering 
attention the States through which they passed, and their steep slopes had 
been overcome during these earlier years slack-water projects, using locks 
and fixed dams. Through these developments the coal some these 
tributaries could brought out more easily during the year and held 
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pools ready float down the Ohio huge fleets the spring floods, supply 
the growing markets the Lower Ohio and Mississippi Rivers. 

This important traffic coal, thus commenced, grew later years 
enormous volume, reaching, 1900, nearly 15000000 tons. was only 
natural that should have been the early aim the Government engineers 
use the well-known slack-water system, already applied some the 
tributaries, for application also the Ohio River, but until the early objection 
the fixed dams the tributaries could overcome nothing could 
accomplished. 

The Ohio subject extreme floods. Sometimes, much ft. 
range recorded, and great injury and loss invariably result the towns 
along the banks. Nothing could allowed the bed this stream that 
would likely increase this range, and the public mind fixed dams were 
objectionable for this reason. Large quantities sand and mud are carried 
down each freshet, which, was feared some, might fill the channels 
fixed dams were used and thus ruin the existing navigable depths, and, further- 
more, the pilots the towboats which guided the great fleets coal barges down 
the Ohio high stages, would not consent any obstruction that might make 
the management these fleets more difficult open-river stages. movable 
dam some type was believed necessary meet these objections. 

Accordingly, search was made everywhere for types, and the following were 
finally found the best suited the condition, namely, wickets, such the 
Chanoine, needles, such the Poirée, and bear-traps, invention the 
lumbermen who used this kind dam create artificial wave float out 
lumber rafts the head-waters streams small flow. After trial one the 
tributaries, the needle type was abandoned for use the Ohio, and bear- 
traps were adopted regular device for controlling levels. 

The first dam was the wicket type, low lift, and was authorized 
Congress 1875 the recommendation the late Col. Merrill, Corps 
Engineers, A., Am. Soe. E., who, with much justice, has been 
called the “Father the Ohio River Navigation”. Much study since 
the construction the first dam has produced the present type struc- 
ture, and 1910 the canalization the entire river was authorized 
Congress cost, then estimated, $63000000. Before that time, the 
engineering features had been mainly standardized practice, but new 
improvements were eagerly sought. The author’s description these standard 
designs, applied Lock and Dam No. 18, are clear and instructive. 
believed that further discussion him his reference the economics 
the entire project viewed under present conditions, have been 
enlightening and profitable. 

The enormous development the steel industry the Pittsburgh region and 
the corresponding increase the demand for coal for smelting purposes have 
led the more perfect control the coal measures the Western Penn- 
sylvania regions the steel companies, with view conserving the present 
stock. This has succeeded well that large volume coal longer seeks 
market the Ohio River; this export has been almost stopped, and coal 
even imported the Pittsburgh region from the West Virginia fields. 
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Furthermore, the development the Alabama coal mines and the discovery 
oil Oklahoma have reduced the fuel demands for Ohio River coal the 
Lower Mississippi Valley. The low cost from the newer mines Western 
Kentucky and Southern Illinois also reduces the demand for Pittsburgh coal. 
All these influences have had marked effect the commerce the Ohio River 
late years. 1900, the commerce, principally coal, amounted about 
000 000 tons, whereas 1920 had fallen about 5000000 tons. Thus, 
appears that about years the commerce had dwindled about one- 
third its former proportions, notwithstanding that, the meantime, many 
troublesome shoals had been eliminated the new locks and dams which 
were completed from time time, thereby materially increasing facilities for 
navigation, seen from the fact that thirty-three the proposed 
fifty-four locks and dams had been completed the latter date. 

the traffic diminishes, the overhead costs, being more nearly fixed, 
increase relatively, but are still proper charge against the costs water 
transportation. The main interest which the public, whole, has works 
this character, the saving that may made over other kinds 
transportation, money its equivalent. other basis can works 
this class justified economically. The overhead charges for interest the 
first cost, depreciation, and other annual charges, together with the cost 
maintenance the channels the public, undeniably part this cost 
transportation and must added the shipper’s cost water haulage 
ascertain whether the actual cost transportation water less than 
other means. short computation should reveal the facts this regard. 
water rather than other methods, all features considered, the enterprise 
not classed economic success and its value public venture may 
negative. such case, may not the expenditure public funds such 
works criticized questionable propriety? Are there any important 
considerations other than economic justification that may warrant the great 
outlay for such 

seems plain that engineers should never permit themselves lured 
from the true economic solution such transportation problems the 
blandishment local commercial organizations which sometimes desire large 
sums spent their localities with only minor regard for the National 
service the economic success the project; nor should engineers permit 
themselves misled glittering speculative estimates future traffic 
that more careful study would show could never develop. 

The the public value any inland waterway must always 
economie one. Can the actual ton-mile costs the shipper hauling 
barge and towboat, other similar means, when added the ton-mile 
cost interest the first cost, depreciation, and maintenance the water- 
way now borne public taxation, effect, when combined, saving over other 
means transportation? How many the inland streams, which extensive 
navigation projects have been built, can now meet this test? 

The low credit the railways and the resulting cramping their develop- 
ment late years the present public policies, may have serious effect the 
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future, when new prosperity shall follow the present depression. When that 
time comes, many years and much money may necessary before the com- 
panies can replace their railways basis sufficiently broad handle the 
volume traffic presented. that time, water transportation may perhaps 
considered, supplement other methods, and many the waterways may then 
arrive new prosperity and public usefulness. How permanent and 
extensive this might become is, course, subject the usual economic laws 
from which there escape. 


Apams,* Am. Soc. (by author’s interesting 
paper can read with great profit any one who may have similar works 
build river subject sudden and irregular flood stages, such the Ohio. 

was the writer’s good fortune have considerable with the design 
the later locks and dams the Ohio River, and his recollection that 
the controlling idea adopting the Chanoine type movable dam for the 
Ohio River system was account the peculiar method, much vogue, 
making up, during ordinary river stages, great fleets loaded coal boats, 
which moved down stream subsequent rises the river. These fleets 
were large that the stern-wheel towboat which controlled them, could 
more than steer the floating raft and, where conditions warranted, return 
the Pittsburgh Coal District with the empty barges many weeks later. 
The custom had become fixed handling fleets barges this manner and 
the mere suggestion placing fixed dams the river, which would require 
the fleets broken pass through the locks, brought violent opposition 
which could not overlooked. 

practically all the tonnage movement was down stream before and 
during the period the movable type dam was adopted, the question arose 
the time, whether would not more desirable build fixed dams 
comparatively low lift, say, ft., with the idea that during fair sized floods 
these low fixed dams would the coal fleets could pass down 
the river the accustomed manner, special care being used not start until 
the disturbance the dams had become safe minimum. the 
necessity slightly increasing the flood heights with consequent: complaints 
claims from riparians, and the determined opposition those who navi- 
gated the river, resulted the abandonment the idea the fixed dam 
and the acceptance the movable dam lieu thereof, spite its enor- 
mous first cost and large cost operation. Thanks the long experience 
the French successfully operating movable dams and the valuable 
experience gained building and operating several similar dams earlier 
date along the Ohio River, was not difficult matter design movable 
dams unprecedented height and length. Many interesting features arose 
during the two years occupied designing the new system, such whether 
transverse rolling gates should used instead the more common mitered 
gates; whether the dams should built piling, excavation continued 
bed-rock somewhat greater expense; whether the dam foundation should 
built solid cellular construction; whether was desirable install 
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water turbines the structure take advantage the low-head power 
within reach when the dam was up; whether use the expensive bear-trap 
weirs, addition the long sections Chanoine weir each site; and, 
finally, whether fixed dams considerable length could not advantageously 
used some the sites, particularly the lower river where the fall was 
the river wide, and ample notice approaching floods was always 
available. 

happened that one the early dams considered was Dam No. 
48, below Evansville, Ind. was evident from study the survey the 
river that the situation here was different from that several hundred miles 
farther stream. Unless the plans were afterward changed for other good 
reasons, Dam No. contained the innovation omitting the pair 
standard bear-trap weirs. the lower Ohio River, there always sufficient 
warning the approach floods, afford ample time lower the Chanoine 
weir, thus offsetting the great advantage the bear-trap type weir, 
namely, speed and power operation. Furthermore, decided saving the 
cost the dam and the time required for construction appeared possible 
the omission the bear-traps. The width the river this site was 
great that standard type construction, like that the upper river, 
had been followed, would have meant the building 700-ft. navigable 
pass, two standard 91-ft. bear-trap weirs, and 1400 ft. more expensive 
Chanoine weir. seemed desirable reduce the length weir, and 
lations were made with that object view. The discharge the Ohio 
low-water elevation, Dam No. 48, was computed cu. ft. per 
the 7-ft. stage the navigable pass sill, the discharge became 000 cu. ft. 
per sec.; and the 94-ft. stage above the navigable pass sill, which corre- 
sponded 7-ft. stage above low water, the discharge became 000 cu. ft. 
per sec. well known, the discharge for certain stages greater 
rising, than falling river. Careful inquiry was made among the lock- 
masters the Wheeling District and the Pittsburgh District ascertain 
what maximum stage the river, the typical Chanoine wickets the 
pass could raised with certainty. became apparent that there would 
detriment navigation, if, falling river, the stage was allowed 
fall somewhat below ft., all the larger barges (known would 
have passed down before this, and the raising the dam could safely 
delayed until the stage had fallen ft. above low water. Therefore, was 
concluded the design Dam No. 48, that: 


was unnecessary arrange pass and weir that the pass could 
raised greater stages than about ft. over the pass sill ft. above 
low-water gauge. 

would possible raise the pass wickets against head 
ft. and this would mean that the final closure the pass the 7-ft. stage 
the falling river would made with the upper pool about 134 ft. above the 
pass sill and the lower pool about ft. above this same level. 


With the weir Dam No. designed pass the discharge 
stage 48000 cu. ft. per sec., with the upper pool ft. above the sill, 
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any delay closing off the pass could not result seriously, the difference 
between pool elevations would not then increase above the allowable ft., 
and, matter fact, the lower pool under such condition would begin 
re-approach the 7-ft. stage and the head decrease slightly and this again 
would cause slight rise the upper pool until equilibrium was established. 
calculation, was found that when the upper pool was ft. above 
the pass sill and the lower pool ft. above the same point and the river 
was falling, each foot navigable pass would discharge about 125 cu. ft. per 
each foot Chanoine weir would discharge about cu. ft. per sec., 
and each foot the bear-trap weirs, installed, would discharge about 
120 cu. ft. per sec., these figures neglecting velocity approach and end 
construction. then became simple matter determine the length 
Chanoine weir necessary discharge 000 cu. ft. per sec. Neglecting the 
2000 cu. ft. per sec. the minimum escaping between the pass wickets, 
appears that 600 ft. standard Chanoine weir should suffice prevent the 
head against the pass wickets from rising above ft. finally closing. 
had been desired introduce two standard bear-trap weirs this work, 
they would have provided about 600 cu. ft. per sec. themselves, and the 
length Chanoine weir necessary would have become about 355 ft. As, 
that date, two bear-trap weirs, with piers and piping, were estimated cost 
$180 000 and the equivalent length Chanoine weir, 245 ft., with two piers, 
would cost only $110 000, saving about $70 000 seemed possible omitting 
the bear-trap type from this design, the dam operated exactly done 
with similar movable dams the Kanawha River, where success has been 
attained without the installation the costly bear-trap weirs. Low-water 
discharge the Ohio River Dam No. was 7160 cu. ft. 
per.sec. Taking 600 ft. the necessary length Chanoine weir— 
bear-trap weirs used—it found that the remainder the river can 
closed off with fixed dam length 890 ft., and that its crest can 
fixed ft. below normal upper-pool level. This lowered elevation 
the crest this fixed dam section such that the ordinary summer and 
discharge will suffice maintain full upper pool. However, design 
admit flash-boards was provided for use under exceptional circumstances 
extreme low water. was also assumed that, low-water discharge, 
openings between the pass and weir wickets might closed with 4in. 
timbers, called However, the side safety, was 
assumed that there would still 1-in. strip leakage space left between 
each pair pass and weir wickets. This assumption gives low-water loss 
through the pass 2100 cu. ft. per sec., and similar leakage loss through 
the Chanoine weir 1230 cu. ft. per sec., total leakage loss: 330: 
cu. ft. per sec. The remainder the low-water discharge cu. ft. per 
sec. would hardly suffice maintain full upper pool over the spillway 
the fixed dam, but when this unusual condition arose, the flash-boards could 
The gauge records showed that would not necessary use 
the flash-boards more than about once three years, 

Further calculations were necessary determine the maximum discharge 
that could passed before would become necessary drop the pass-wickets. 
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was assumed that the dam would lowered when the upper pool rose 
point in. above the tops the pass wickets when standing. This pool 
level would give depth 114 ft. above the Chanoine weir sill and 15.9 ft. 
above the pass sill. Assuming the accepted design include 600 ft. 
standard Chanoine weir, 800 ft. navigable pass, and 890 ft. fixed dam, 
with crest ft. below normal upper pool, showed that the leakage 
through the pass wickets amounted cu. ft. per sec. and the in. over 
the pass crest carried 800 cu. ft. per sec., the 600-ft. weir discharged 800 
cu. ft. per sec., and the ft. over the fixed dam spillway carried off 
eu. ft. per sec., total discharge 600 cu. ft. per sec. passed the site, 
which corresponded open-river stage more than ft. above low-water 
level. This being the condition for which the test were being 
made, the design seemed satisfactory would permit ordinary rises— 
somewhat above ft.—to passed without throwing the main part the 
dam and losing the pool. This feature becomes important when one considers 
what means dams farther down stream suddenly deluged the 
great volume water released, and also one must consider the many tribu- 
taries the Ohio, which frequently have local rain storms and furnish 
small floods themselves, which could teken care the dams the 
Ohio without losing the upper pool. 

Mr. Hall’s suggestion giving certain railroads, crossing Ohio 
River, the exclusive privilege operating feeder barge lines the river, 
might show well for the railroad tonnage for the particular road involved 
and might make the river busier, but would justly arouse strong oppo- 
sition from the competing railroads, and would introduce new element 
the rate situation under the supervision the Interstate Commerce Com- 
mission, which rate situation already sufficiently complicated. 

Mr. Hall’s statement page that “Unfortunately, neither the Engi- 
neer Department, nor other Government agency, manages seriously 
itself with any part the transportation problem other than the 
preparation sufficient waterway”, open discussion. Before Congress 
adopts any river and harbor project, such the canalization the Ohio, 
elaborate preliminary examination and survey reports are made cover 
detail every phase such “what desired local interests”, “proposed plans 
carry out the improvement”, full investigation “terminal 
the “local co-operation” offered, financial otherwise, full “commercial sta- 
tistics” the locality, “local benefits” expected, and “general national 
‘benefits” expected. These reports District Engineers pass through 
the Division Engineer and the Board Engineers for Rivers and Harbors, 
each whom makes full analyses the District Officers’ reports, visits the 
locality, holding necessary public hearings, and finally the reports pass the 
Chief Engineers, A., who makes his own review and transmits the 
data through the Secretary War the proper conimittee Congress, with 
definite based every phase the transportation situation 
the locality. 


Proceedings, Am. Soc. E., January, 1922. 
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Recently, the Engineer Department transmitted Congress report 
2400 pages, fully illustrated, with large detail maps, “Water Terminal 
and Transfer Facilities” the harbors the United States. This one 
the most comprehensive documents ever published and shows what great 
importance attached the matter terminals, distinguished from the 
waterways leading them. Similar elaborate investigations have been made 
the rail facilities leading the ports, the tributary territory, the terminal 
charges, ete. 

The Interstate Commerce Commission fully empowered regulate 
interstate rates water well rail, and frequently refuses grant 
requests for reductions rates, well increases. Here, seems lie the 
agency for protection against “cut-throat” competition. 

The doubt but that the Federal Government could force greater 
use its rivers the grant exclusive privileges, seizure confiscation 
certain rail lines, arbitrary changes freight rates, but hardly 
supposed that the situation warrants such action. There are many good 
reasons why, the United States, commerce should permitted seek its 
own routes irrespective whether the Federal Government has substantial 
investment waterways, some which may not making satisfactory 
tonnage showing. What would the situation the waterways had been 
improved the expense private capital, which always demands interest 
and return the original investment? This problem looms large the 
rail carriers and their security holders. 
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SIPHON SPILLWAYS 


Discussion* 


Jun. Am. Soc. (by letter).t—To the many useful 
and ingenious applications the siphon, which Mr. Stickney describes his 
interesting paper, the writer wishes add one saw small hydro- 
electric plant the French Pyrenees. This plant was equipped with four 
Pelton wheels, operating under head 926 m., more than 
ft. The water was delivered from the forebay through pipe line down 
the mountain side, and was desired have automatic shut-off this 
line case serious break the plant. This was accomplished 
siphon, arranged shown Fig. 14. 

The siphon was started allowing water flow through the by-pass, 
until good flow was established; the gate, was then closed and the weight 
the water the penstock caused sufficient vacuum prime the siphon. 
Under normal conditions, the hydraulic gradient was somewhat shown 
the solid line, and the water the free end the U-tube stood distance 
below it, equal the siphonic head, H,. When break occurred, or, for any 
reason, the flow increased beyond certain limit, the hydraulic gradient fell 
the position shown the dotted line, and the water the dropped 
correspondingly, admitting air the siphon and stopping the flow. 

The writer does not know whether this siphon was ever called 
emergency, nor what tests were made determine its effectiveness. 

This discussion (of the paper Stickney, Am. Soc. published 
February, 1922, Proceedings, and presented the meeting the Society March 


1922), printed Proceedings, order that the views expressed may brought before all 
members for further discussion. 


With Hazen, Whipple Fuller, Philadelphia, Pa. 
Received the Secretary, March 6th, 1922. 
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Epwarp Am. Soc. author deserves much credit 
for interesting paper subject about which little has hitherto been 
written. especially well qualified discuss this subject, was 


largely through his efforts that siphon spillways were introduced, 1909, 


the New York State Barge Canal, and, afterward, number dams 
and canals various parts the United States. 

Europe, siphon spillways had been built nearly forty years before the 
advantages this type spillway were appreciated this country. The 
first siphon spillway, which the speaker can find any record, was constructed 
connection with dam, Mittersheim, Lorraine, France. consisted 
large vertical pipe, about 2.33 ft. diameter, having bend its upper 
end. 6-in. pipe, provided with ejector, was connected the bend. 
soon the water the reservoir rose its normal level, the ejector came 
into play and forced the air out the bend the large pipe, thus causing 
action take place the large pipe before the water surface the 
reservoir had risen above the top the bend the siphon pipe. The use 
small pipe, which was liable become clogged débris, was 
objectionable feature this arrangement, and the circular form the 
siphon was uneconomical and only practical for siphons small diameter. 

improvement these respects was soon made-by Heyn, Stettin, 
Prussia, who was the first engineer build siphon spillway without 
ejector. This siphon, which was placed the flood-gate irrigation canal 
East Prussia, was made riveted sheet iron, and was ft. cross- 
section. operated under available head ft., and showed efficiency 
about per cent. The priming effected the flow water over the 


Cons. Engr., New York City. 
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lower surface the crest the siphon, which draws quickly, friction, the 
from the upper part the siphon, and thus causes siphonic action. 
the water level lowered below the air passages, provided the 
bend the siphon, normal water level, air enters the pipe and siphonic 
broken. The water drained from the curve the outlet end 
through small holes, order prevent its being frozen cold weather. 

Almost contemporaneously with Heyn, Gregotti began the building 
‘siphon spillways without ejectors, Italy, constructing them reinforced 
One the largest these the Canale Milano, near Verona. 
consists ten units, each which has cross-sectional area sq. ft. 
and available head ft. These siphons have per 
Still larger siphon spillways have been built France, and number 
have been constructed Switzerland, Sweden, and other countries. 

The siphon Gibswil, Switzerland, consists }-in. riveted steel pipe, 
which tapers from diameter 31.5 in. the upper end 23.6 in. the 
lower end, order prevent the column water from parting under head 
52.48 ft. course, the effective head cannot exceed that due vacuum, 
which 33.9 ft. sea level. the normal surface, the pipe cut 
horizontal plane and covered reinforced concrete hood, which projects 
below the normal water level prevent the siphon from being clogged 
ice winter. The air holes are narrow slots the hood the normal 
water level the reservoir. 

Mr. Stickney has stated that the first siphon spillways the United 
States were built, about 1909, the New York State Barge Canal, according 
his designs. 1896, however, the late James Croes, Past-President, 
Am. E., showed the speaker plans had developed for small dam 
which was constructed Princeton, J., form reservoir now known 
Carnegie Lake. This dam which was built 1905, consists piers placed 
ft. apart, and joined curtain walls, ft. thick, which were 
placed. The original plans contemplated the use siphonic spillway, but 
owing the opposition the Pennsylvania Railroad Company, the interests 
which were dominant, Mr. Croes reluctantly abandoned the idea 
dam with siphon spillway and submitted other plans. 

1916, the speaker was consulted the late Scranton, President 
the Water-Works Scranton, Pa., about the stability five dams. These 
dams were designed eminent engineer, the late Alphonse Fteley, Past- 
President, Am. Soc. increase the storage the reservoirs, the 
crests the dams had been raised ft. which caused the line pressure, when 
the reservoir was full, fall trifle outside the center third the profile. 
This eccentricity was less than that occurring the profile type, designed 
Rankine, who was the first engineer call attention the necessity 
designing dam that the lines pressure would within the center 
third the profile, order avoid tension the masonry. However, the 
engineers the Water Supply Commission Pennsylvania, insisted that 
the dams cut down their original heights. This might easily have been 
obviated constructing siphonic spillway designed maintain the 


its original normal level. The speaker, with the assistance 


Mr. Hillberg, designed siphon spillway for the largest the Scranton 
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dams. was built; inclined plane, the outer slope 
earth dam, like the Gibswil Dam Switzerland, but was constructed 
reinforced concrete instead metal. The siphon was consist five units, 
ft. per sec. This siphon spillway which could have been constructed 
moderate expense, would have been that time the largest siphon spillway 
America. Several siphon spillways had already been built the United States, 
and were all operating successfully. For reasons unknown the speaker, 
probably matter policy, Mr. Scranton decided reduce the heights 
these dams their original levels. proved quite expensive operation, 
the dams were built excellent masonry. 


Siphon Head, velocity, FEET PER SECOND. 


second. Measured. 


24, 


August 


“ 
19, * 


| 


Tube number. Outlet submerged 5.35 ft. Outlet submerged 6.0 ft. 


After number leaks were closed Tubes Nos. and they primed depths 
about 0.10 ft. less than shown Table The seal broke few minutes when the water 
surface had dropped about 0.1 ft. below the air valve. 

the Alpine Dam, California, Mr. Stickney has given excellent 
example the economy that may effected the use siphon spillways. 
This dam which 100 ft. height, equipped with siphon spillway, 
consisting six units, each 7.5 ft. This spillway 
occupies crest width ft. the central part of.the dam, and, according 
the author, discharges much water, with head ft., ordinary 
overflow weir, 1140 ft. long, would discharge with the same head. Compare 
this dam with the famous New Croton Dam, built, 1895 1907, obtain 
large storage reservoir for New York City. forms masonry wall across 
the valley, the southern part being the main dam, and the northern part the 


Date. 
0.40 0.55 
0.35 0.45 
0.15 0.25 
0.35 0.45 
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overflow weir which built along the rocky side hill the north side the 
valley, nearly right angles the main dam. The main dam and the waste 
weir are 200 ft. and 000 ft. long, respectively. The waste channel, excavated 
rock along the north side the valley, ft. wide its upper end and 
125 ft. wide its lower end, where spanned 200-ft. steel bridge, the 
superstructure which cost $40000. The speaker has doubt that con- 
siderable saving might have been made this dam had been built straight 
across the valley, and provided with siphon spillway its northern end. 

number comparatively small siphon spillways have been built the 
United States Reclamation Service, and interesting details relative their 
construction have been given* Mitchelson, Senior Irrigation Engi- 
neer. number tests made small models siphon spillways the 
Throop College Technology California and Fort Collins, Colo., are 
mentioned Mr. Mitchelson. 

The efficiency some the siphon spillways built the Reclama- 
tion Service has been determined. The data for Tables and which give the 
results some these tests, were furnished the speaker the Director 
the Service, Davis, Past-President, Am. Soe. 


Pressure measured 
mercury gauge 


future 


Main €anal 


= Normal water s surface 


Spillway 


SECTION 


The siphon spillway, Fig. 15, which these tests were made, the 
Yuma Project Arizona. The first siphon spillways had efficiencies only 
about 50% but with modern siphons, this factor, shown Table has been 


Am. Soc. E.—The author’s excellent paper will 
welcomed all engineers interested the economical control the discharge 
water from reservoirs. The speaker wishes discuss several advantages 
siphon spillways which the author, thinks, has not given full credit. 


“Spillways for Reservoirs and Canals”, Bulletin No. 881, Dept. Agriculture. 
Engr. Hydr. Structures, The White Eng. Corporation, New York City. 
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Mr. Stickney states that the head water corresponding the atmos- 
pheric pressure the greatest head that may utilized for producing siphonic 
flow. The speaker will endeavor prove that head considerably greater than 
the limit” 33.9 ft. may used successfully. 

For pipe discharging full, the slope the hydraulic grade, any point, 
varies approximately the total head the pipe. The pipe will always 
remain full tight and the hydraulic grade line, used the author’s 
Fig. above the top the pipe all points. these two laws can 
accepted correct, the siphon indicated Fig. can reproduced shown 
Fig. 16, acting under two heads, one which (like that given the 
author) less and the other greater than the “siphonic limit” 33.9 ft. The 
elevation the grade the entrance the siphon the same for 
the two cases, but the hydraulic grade the outlet the longer siphon 


that the shorter siphon, distance equal the difference between 
the total heads. 


Entry Velocity Head K 


Velocity, Friction Conversion Head 


a 

eo! 
1 
! 


the slope the hydraulic grade the long siphon uniformly greater 
than that the shorter siphon, the discharge the long siphon the greater 
the pipe remains full, and will remain full the hydraulic grade above 
the top the pipe. The siphonic limit reached only when the lower leg 
prolonged such extent that the hydraulic grade falls below the top 
the pipe. 

example indicating the application the principles governing the 
design siphons, the following given: Fig. 17, the head acting 


Fic. 16. 
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the siphon 36.0 ft. The shape and area the siphon are constant from 
The friction loss for straight pipe approximately: 


For the constant section this siphon determined from accepted 
formulas that: 


The velocity head is, 


water plus atmospheric pressure 

| 
\ 
\ | 

1 
\ Hydraulic grade plus 

| 


Tail water plus 


! 


The loss the bends according experiments, percent- 
ages the velocity head, or, 


From 


Velocity head 


Friction head probably about 


Head lost bend 


al 
Fic. 17. 
64.4 
000 
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From 
8 2 
Head lost bend 
From 
Friction los: 
riction loss 300 
From 
2 2 
The summation these values is: 
36.3 
= 1} = . 
1000 tota 36.0 


Therefore, 
81.50 ft. per sec. 
The theoretical discharge velocity, without friction, is: 
The coefficient discharge, therefore, is: 
31.50 
48.18 


Using the calculated velocity 31.50, the fall the hydraulic grade 
Table and the grade plotted Fig. 17. 


0.654 


TABLE 
Secti Velocity head, Friction head, Head lost bend, Total head, 

feet. feet. feet. feet. 
15.39 0.16 92 17.47 
| 0.42 0.32 0.74 


The hydraulic grade, for this case, seen entirely above the siphon 
and the head not too great for proper operation. 

The Ocoee Siphon, indicated Fig. designed and tested under the 
speaker’s direction, believed the first siphon constructed the United 
States, the successful operation which depended the time priming. 

The time required seal and prime the Ocoee Siphon, indicated the 
author the fifth column Table not strictly correct account 
his misinterpretation the speaker’s report the tests. The time given 
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Table indicates the total interval between the cessation flow the fore- 
bay outlet and the priming the nearest siphon. perceptible interval 
time was required for the wave, incident the stopping the flow, pass 
from the forebay outlet the siphon, the total time priming should 
corrected accordingly. The correct interval between the start the rise 
the water surface the siphon, the moment priming, and the revised 
necessary compute the time priming, according the 
author’s method, are given Table 


TABLE 


ELEVATIONS WATER, REQUIRED, 


number. 


will noted that, contrary the author’s deductions, the time required 
prime not constant, but tends decrease the rate rise increases. 
This seems logical when considered that the time required prime 
that required remove the air trapped the throat the siphon. This 
time proportional the average flow during the operation priming and 
this average flow increases with the rate rise water surface. 

The conditions under which the Ocoee tests were made, were such that 
great accuracy was not possible. The results these tests, therefore, cannot 
used without the application considerable margin safety. Fig. 
shows the approximate relation between the rate rise water surface and 
the time required prime, indicated the four Ocoee tests. 

The curved line drawn through these points 
intended indicate the time priming these 
from the tests. the water surface was 
made rise suddenly elevation consider- 
ably above the top the siphons, believed 
that the time required prime would correspond 
approximately the time required for the water 
fall distance equal the length the lower 
leg, about 1.25 sec. for 25-ft. siphon. There- 
speed 1.25. 

this type siphon, the water surface 
the air inlets and held stationary, the curve 
indicates that the siphons would probably prime about 5.8 sec. 

Suppose determined from the area the forebay and the rate dis- 
charge the turbines that the rate rise water surface for full closure 
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would 0.3 ft. per then Fig. indicates that the probable time 
for the siphons prime would Hence, the probable maximum rise: 
water surface above the top the air inlets would 0.3 0.6 ft. 

However, until such time more accurate experiments have been made: 
supplement the speaker’s curve, believed that least twice the calcu- 
lated maximum rise should used. 

Siphon spillways are reliable designed properly and built where they 
not exposed the danger being obstructed trash ice. They have 
been used frequently exposed locations where failure operate merely 
results inconvenience the loss few flash-boards and where they are 
not relied discharge part the flood flow. such cases trash racks. 
may used prevent the entrance logs, trees, ice, which might clog the 
siphons and their failure operate would only the result neglect. 

They are suitable for the passage flood flows only the outlet large 
reservoirs where submerged trash sufficient size clog them will reach 


the dam and where auxiliary open spillway provided pass floating 


débris and ice. For flood discharge, the siphons should not provided with 
trash racks and the throat area should large possible. 

The air inlets need constant inspection cold weather and when trash 
running. The speaker knows one instance where the air inlets became- 
clogged with ice and the siphons drew the water out the pond and caused 
the shut-down the hydraulic turbines. Such instances are rare and may 


Am. Soo. E.—Doubtless many engineers will 
surprised learn that large number siphons, many 
designs, are existence. The objects gained their use also 
different. 

The Tainter gate, would seem, has certain advantages flood-gate.. 
When wide open, the flow direct, with little opportunity for obstruction. 
river channels, the siphon, because its more intricate passages, might 
become choked with ice, fences, tree trunks, fragments buildings, and the. 
like, or, Southern rivers, with plant-rooted soil, which rises great 
quantities and floats, particularly flood periods. Information about the 
range comparative usefulness the siphon with respect ice and climate 
would appreciated. 

siphon masonry and not metal-lined, small overflows, such 
from waves, and especially small leaks through the masonry, would likely 
frozen cold weather and thus obstruct close the opening. The 
reference absence frost sewer manhole not comparable, for the 
sewer deep the earth, contains gases and decomposing and 
not subject cold-air currents. some the siphons shown the author 
the discharge opening exposed and, low-water periods, the siphon would 
act chimney through which currents cold air would rush with up-stream 
cold winds. the down-stream face large dams, ice, from leakage has 
formed large masses and also mine shafts, depths 600 ft., where the 
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rock temperature was above 60° Fahr. caused the cold air drawn down 
ventilation. 

Thus, seems reasonable inquire how the siphons operate under different: 
conditions, how much attention they need, and whether, for small units, they 
have advantages over good regulating gates places where men who have 
time attend them, are always duty. Data the cost construction 
siphons compared with cost gates older, not simpler, type 
would valued the speaker. 


compiled most valuable collection data the siphon spillway. some 
the installations which has described, the requirements were ideally met 
spillways the siphon type. This especially true the various locks 
and canals. Under certain conditions the siphon spillway satisfactory 
device for controlling the water level reservoir canal, but has its 
limitations and there are some spillway requirements which cannot meet. 

‘Among the important requirements which the siphon can meet success- 
fully, are: maximum discharge not exceed fairly well determined 
limit; small fluctuation reservoir level confined well determined 
limits ordinary operation; spillway dam crest available for roadway 
other level working area; and available spillway length limited, requiring 
high rate discharge per unit length. 

Some the important requirements which the siphon cannot meet with 
safety and economy are: Discharge flood.run-off uncertain magnitude; 
provision for the extreme flood, say, once fifty years, without material rise 
reservoir level; certainty operation freezing temperature; possi- 
bility clogging with trash; and remote location with 
dependence periodical inspection. 

The author described some installations that are more less isolated and 
locations where freezing temperatures are common; and would inter- 
esting know the frequency inspection required what measures have 
been found necessary insure proper maintenance and operation during the 
winter. 

Ordinarily, the requirements spillway prevent excessive head on, 
overtopping of, important dam cannot met the siphon type. 
There are exceptions, the case the Hetch Hetchy Dam, built part 
height, described the author. this dam, was desired prevent 
overflow account the roadway. Furthermore, suitable spillway site 
can found the sides the steep gorge, until the dam built its full 
height. However, the important point this case that not essential 
prevent overtopping the roadway. unusual flood clogging 
the siphons should cause the water flow over the top, would result 
only minor damage the roadway. The concrete arched dam with its 
gravity section would suffer damage. 

All earth dams and most concrete non-overflow dams are not designed 
withstand overtopping unusual floods. They rely the spillway 
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prevent it. Most the spillways designed the writer have been primarily 
safety valves. each case the degree safety called for has varied greatly 
with the circumstances, but, most instances, greater safety has been 
demanded than could furnished the siphon type spillway. 

The writer has used the siphon spillway places where its proper opera- 
tion every emergency was not essential. one instance, the requirements 
were unusual and were successfully met this type. was necessary 
divert from the reservoir, automatically and without the use submerged 
gates, which might leak, well determined maximum rate flow fixed 
the capacity the diversion conduit. was also required make this 
diversion certain fixed reservoir level and with the least possible fluctua- 
tion this level. the siphon allows high rate flow per unit length, 
was possible enclose the entire device covered screen chamber, 
conveniently arranged for periodical inspection all seasons, and thus 
exclude floating trash and experience little trouble from ice. Failure 
operate any time would result some inconvenience, but damage 
life property. 

such situations just described, that the siphon performs its 
best, primarily for convenience and not for safety. 


siphon spillways are manifest; the discharge per foot crest greater than 
with overflow spillway and there operating machinery requiring 
expensive maintenance. would also seem that, under ice conditions, there 
would great advantage, the inlet could located well below minimum 
head-water the outlet below tail-water level. 

The author does not state whether the usual practice protect the 
intake with trash racks. would interesting learn what extent 
trash and logs cause trouble the operation such siphons, and also 
learn what rise head-water elevation necessary prime the largest 
siphons, such those the Sweetwater Dam, shown Fig. 10. 

From Mr. Stickney’s description installations, appears that now 
practicable design and build siphons pass water the rate about 
120 cu. ft. per sec. per lin. ft. dam, making due allowance for the necessary 
walls between the This places the siphon spillway position 
where can compete, the matter capacity, many cases, with spillways 
equipped with Tainter gates. Large Tainter gates, however, have greater 
capacity than this, and spillway equipped with 20-ft. Stoney gates will dis- 
charge about 220 cu. ft. per sec. per lin. ft. dam, and one equipped with 30-ft. 
Stoney gates will discharge about 400 cu. ft. per sec. per lin. ft. dam, with- 
out any rise head-water elevation. 

However, every device has its limitations, and cases where 
economical necessary pass the largest possible quantity water over 
the shortest possible length crest, some form spillway gates doubtless, 
will continue the correct solution the problem. 


Departmental Chf. Engr., The Ludlow Engineers, Inc., Winston-Salem, 
Received the Secretary, March 14th, 1922. 
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siphon spillways, any other hydraulic structure which the principle 
the water barometer utilized, not simple casual reading this 
paper might lead one believe. 

point often overlooked the design these structures, the possible 
effects dissolved air their operation. Water that has free surface 
contact with the atmosphere always contains, solution, definite proportion 
air. The proportion, weight, varies with the pressure and the tempera- 
ture but constant for the same conditions. diminution pressure means 
the instant passage definite quantity air from solution suspension. 
The phenomenon much more striking the gas carbon dioxide, may 
observed soda-water siphon. 

true siphon, the water above the inlet contains, solution, from 
3%, volume, air atmospheric pressure. This true solution, 
that is, the dissolved air liquid form. the water accelerated into 
the inlet, the pressure reduced supply the acceleration head and, after 
passing the inlet, further reduced elevation and possibly, also, 
acceleration. Air, therefore, released from solution the water approaches 
the crown. the water ascending, some the air may escape from 
suspension and accumulate the crown. some the atmospheric pressure 
has been used create high throat velocity, the absolute pressure the 
crown may low and the consequent release air from solution may 
great. 

the crown and for some distance either side, the motion the water 
sensibly horizontal, which facilitates the rising the bubbles and their 
release from suspension. 

While the water passing down the discharge leg, the absolute pressure 
again due loss elevation and possibly, also, negative accel- 
eration; but may still less than the saturation pressure for the quantity 
air carries, for large part the distance. The air bubbles will tend 
rise against the velocity with the chance further escape and accumulation 
the crown. There is, therefore, possibility air accumulating the 
crown sufficient volume stop the action the siphon unless means are 
provided for its removal. 

order the side safety, the hydraulic grade plane should 
always through proposed siphon, making liberal allowances 
for losses from friction and curvature. From these calculations, the absolute 
pressure any point may determined and the quantity air released 
may estimated. the investigations show the possibility “air-binding”, 

hydraulie ejector some similar device should provided remove the 

The working head siphon not limited the barometric height 
unless the tube uniform area throughout. suitably contracting the 


*Chf. Engr., Lethbridge Northern Irrig. Dist., Lethbridge,.Alberta, Canada. 
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discharge leg that the water continuously accelerated, possible to- 

design for differences level ft., more, and have the tube discharge- 
full bore. The possibility trouble from air is, however, much increased, 

and for high working heads the ejector may require more water than the- 

siphon. 

The discharge formula given the author, useful fixing tentative- 
dimensions which more detailed may applied, but should 
not used fix final dimensions, unless the tube uniform bore through- 
vut; and, even then, the coefficient matter much doubt owing the- 
losses from curvature and friction. the cross-sectional area the tube- 
decreases and increases gradually, the coefficients may more than unity 
and even approach 2.0. the author’s formula applied the crown area. 
the siphon shown Fig. 19, will seen that, this case, the coefficient. 
1.7 and possibly more reality. Any one having such 
structures design will repaid reading the chapter siphons 
Control the late Philip Morley Parker, Am. E.,. 
which one will find that there are pitfalls which may trap the unwary. 


1,2 Working Head 


¥____ Normal W.L. 


' 
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Fig. shows section siphon spillway, designed for the main 
the Lethbridge Northern Irrigation Project, Alberta, Canada. This canal 
heads stream that subject rapid fluctuations discharge. About 
three miles below the intake steel flume with limited free-board and 
the siphon was designed divert any surplus that might enter the canal 
and the flume. The flume, designed for 800 ft. per sec., 
emergencies, carry excess 150 ft. per sec. The possible fluctua- 
tion hours, the quantity water entering the canal might 
much 450 ft. per sec. The spillway was accordingly designed: 
discharge 300 cu. ft. per sec., under working rise 1.2 ft., which corre- 
sponds excess 450 cu. ft. per sec. the canal. 

Table shows the for this structure, and self-explanatory. 
will noted (Line 22) that, the crown, the water under 
pressure 24.4 ft. water (center stream) 25.4 ft. the 
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v2 


(mean) 
(Mean) 


3 


feet 


een 


wae 


8.7 


For Section 2-3, the mean value 


11.1 


Mean, for Section 2-4 16.40 ft. 


Total loss 4.78 ft. 


5.40+ 3.50 8.9 


For Section 5-6, the mean value 4.45 ft. 


Total loss 0.22 0.98 ft. 


that is, with the water barometer 29.5 ft., the absolute pressure only 
about 4.1 ft. water. Under the circumstances, and spite high crown 
velocity, air might accumulate the crown. ejector provided, 
therefore, remove it. This ejector, under pressure (absolute) ft. 
water, will remove about cu. ft. air per min., which more than the 
probable accumulation. 


Engineering News, March 14th, 1885, discussion the writer 
paper read before the Engineers Club Philadelphia February 7th, 1885, 
includes description automatic siphon weir Mittersheim, which was 
designed discharge large volumes with minimum change level the 
reservoir. This siphon weir which was invented Hirsch, regulated the 
surface level the reservoir within 0.03 MM. Belard and Hirsch planned 
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and directed the work from 1864 1866, which was completed and operation 
the following year. 

full description this siphon weir may found under the title, 
and Syphon Weir the Reservoir the notices the 
models, charts, and drawings relating the works the “Ponts Chaussées” 
and the Mines, collected order the Ministry Public 
Works and exhibited the French collection the Universal Exposition 
Philadelphia, Pa., 1876. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Acting Secretary prior the final publication. 


CHARLES LeROY ANNAN, Am. Soe. E.* 


Diep January 21st, 


Charles LeRoy Annan, the son Dayid and Lavina (Roberts) Annan, 
was born Lawrence, Mass., December 25th, 1853. was Scotch 
descent, although his ancestors had lived New England for several 
generations. 

After having been graduated from Worcester Technical Institute 1876, 
Mr. Annan went West, and November, 1878, began his railroad career 
Rodman location survey the Atchison, Topeka and Santa Railroad. 
During the next two years, was engaged with this Company various 
capacities Rodman, Instrumentman, and Assistant Engineer, the States 
Colorado, Kansas, and New Mexico. 

June, 1880, was appointed Office Engineer the Sonora Railroad 
Company, Hermosillo and Guaymas, Mexico, and after the completion 
this road December, 1882, took charge the office work the Chihuahua 
Division the Mexican Central Railway Company. 

1885, Mr. Annan accepted the position Office Engineer the Chicago, 
Burlington and Northern Railway Company, St. Paul, Minn. Sep- 
tember, 1888, severed his connection with the Chicago, Burlington, and 
Northern Railway Company, with the Union Pacific Railroad Company 
Omaha, Nebr., where remained until May, 1889. then returned 
St. Paul, and was appointed Office Engineer the office the City Engi- 
neer, the late Rundlett, Am. Mr. Annan continued 
this position, with the exception about four years, when returned 
railroad work, until March, 1912. 

April, 1912, again returned railroad work, this time Chief 
Draftsman the offices the Great Northern Railway Company St. 
Paul. continued the employ that Company Chief Draftsman and, 
afterward, Valuation Engineer, until his death January 21st, 1922. 

was married April 30th, 1891, Mrs. Margaret Baylor, who 
survives him. 

Mr. Annan was quiet and reserved disposition, and only his closer 
associates knew his extremely friendly and charming disposition. was 
conscientious and thorough workman all matters which came under his 
charge. Having been man who loved and cared for his home the exclu- 
sion public gatherings and public affairs, found his greatest interest 
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his home life, although was member the Masonic Order and had 
maintained his membership the St. Paul Civil Engineers’ Society for many 
years. 

Mr. Annan was elected Member the American Society Civil 
Engineers July 4th, 1888. 


WARD BALDWIN, Am. Soe. E.* 


15TH, 1920. 


Ward Baldwin, the son Henry Ward Baldwin and Ann Esther 
(Van Ausdol) Baldwin, was born Shrewsbury, Mass., March 30th, 1856. 
1860, his parents moved Cincinnati, Ohio, where his father died shortly 
afterward. 

Early life, Ward Baldwin showed aptitude for mathematics and 
made rapid progress his studies, having been graduated from the Hughes 
High School June, 1874. From there went Worcester, Mass., where 
was graduated from the Worcester High School, July 15th, 1875. the 
fall that year, entered the University Cincinnati, from which 
received the degree Civil Engineer, and after Post-Graduate Course, 
received, June 18th, 1880, the degree Master Science. June, 
1915, his Alma Mater conferred him the degree Doctor Science. 
1883, was appointed Trustee the University Cincinnati, and 
served that position until 1890, when resigned accept the chair 
Civil Engineering. 

During 1881, Mr. Baldwin taught Mathematics and Engineering the 
University Cincinnati, and the same year entered the service the 
Cincinnati Southern Railroad Company, Principal Assistant its Engi- 
neering Department, where remained until 1891. 

the fall 1891, returned the University Cincinnati, where 
served Registrar until 1896. From 1891 1900, was also engaged 
Professor Engineering the University, resigning practice his pro- 
fession Consulting Engineer. 

Consulting Engineer, Mr. Baldwin had charge the design and con- 
struction some the largest industrial plants Cincinnati, and elsewhere 
the United States. this work, showed such rare inventive genius, ripe 
knowledge, and fine executive ability, that his services were constant 
demand. 

December 5th, 1902, entered the employ the Trustees the Cin- 
cinnati Southern Railway Company Consulting Engineer, and served them 
efficiently until his death. His work with this Company constructing and 
supervising the terminals, viaducts, and bridges, Cincinnati, evidenced rare 
skill and unflinching fidelity. 

was still actively engaged his work Consulting Engineer when, 
after only brief illness, died his home Cincinnati, Ohio, Novem- 
ber 15th, 1920. 
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writer for engineering publications, Mr. Baldwin’s articles bridge 
and concrete work placed him the front rank men his Profession, 
who considered him competent authority such subjects. His contributions 
the the Society included discussions the following sub- 
jects: “Loadings for Railway Bridges”, “Preservation Railroad “Rail- 
way Bridge Designing” and “Train Loadings for Bridges”. also con- 
tributed paper entitled “Stresses Railway Bridges 

Resourceful, patriotic, and untiring, Mr. Baldwin was ready all times 
serve his city its university, and gave them his services without stint. 
related that his work rebuilding the large auditorium for the Saenger- 
fest 1900, which had collapsed, proved him prodigy. For that 
service, was presented with Gold Medal Local Societies. 

Under his enthusiastic leadership, there was secured from the City of: 
Cincinnati the grant the site Burnet Woods Park, where the buildings 
the University are now located, and did much personally toward 
supervising the erection these buildings. 

Mr. Baldwin followed his profession not merely for the income brought 
him, but pursuit worthy his entire mind and heart. was fine 
engineer, holding his profession the highest regard and insisting the 
same consideration for from all with whom had do. was thor- 
oughly conscientious, incorruptible, energetic, and hard worker. Although 
took active interest public improvements, was most unassuming, 
and never indulged display rhetoric. His life was example and 
inspiration. 

Mr. Baldwin was elected Junior the American Society Civil 
Engineers, March 2d, 1881, and Member October 2d, 1889. Mr. Bald- 
win was member of, and the first President of, the Cincinnati Section the 
Society, having held that position the time his death. 


JAMES RICHARD BELL, Am. Soe. E.+ 


Diep 1913. 


James Richard Bell was born Wick, Scotland, August 21st, 1841, and 
was educated Aberdeen University. 

served for time with architect Liverpool, England, and after- 
ward with John Gardiner, Railway Engineer, London. After engage- 
ments Assistant and Resident Engineer railways England, Mr. Bell 
went Egypt where was interested many railway projects. 

1868, joined the Indian Public Works Service, which Service 
remained for many years. was one the pioneers railway construction 
India, bridging rivers the north under most adverse circumstances, 
which work was compelled use untrained and unskilled native labor. 
was employed first the Madras Presidency, but, later, was transferred 
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the State Railways Department India which service remained until 
his retirement 1896. 

Mr. Bell did excellent work and gained high reputation bridge con- 
struction. Among the more important his bridges may mentioned the 
Empress Bridge over the Sutlej, the Muttra Bridge across the Jumna, 
Ferozepur and the Sher Shar Bridges over the Chenab. also devised 
methods for training rivers means bunds. 

made many difficult surveys and constructed many miles railway 
the Northwestern, East Coast, Indus Valley, and other Indian Railway Sys- 
tems, one his most important services India having been the construction 
the line from Ruk Bolan, which gave military access Kabul. This 
work was accomplished exceedingly short time. 

Mr. Bell served the Indian Government for several years Consulting 
Engineer for State Railways and Harbors. 1896, his health broken over- 
work and the hot enervating climate, retired from active service and 
returned London, England, where, lived until 1901. then took his 
residence Kent, England, where died July 14th, 1913. 

was man exceptional energy and ability, stern, but kindly, devoted 
duty, and greatly respected. was the original the character “Find- 
layson” Rudyard Kipling’s story, “The Bridge Builders”, contained his 
“Day’s Work”. 

Mr. Bell was elected Member the American Society Civil Engineers 
September 2d, 1896. was also Member the Institution Civil 
Engineers Great Britain. 


HARTWELL PRENTICE FARRAR, Am. Soc. E.* 
16TH, 1921. 


Hartwell Prentice Farrar, the son Josiah and Dorcas Whelpley 
Farrar, was born Syracuse, Y., July 7th, 1839. His paternal 
ancestors were early settlers Connecticut, and his great-grandfather was 
Captain the Revolutionary War. his mother’s side, his ancestors were 
from Wales and had settled Vermont. 

Hartwell Prentice Farrar received his early education the public schools 
Syracuse, Y., and Syracuse Institute. was prepared enter 
Rensselaer Polytechnic Institute, but his father’s death 1855 compelled 
him work, the age sixteen, support the family. Thus, 
began active life which continued until 1918, when failing health, fol- 
lowing accident, compelled him retire, although never lost interest 
engineering and kept touch with affairs until his death. 

Mr. Farrar began his engineering career 1855 Chainman and Rodman 
with the United States Deputy Surveyor the sub-division townships 
the Upper Mississippi River between Crow Wing (Fort Ripley) and Lake 
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Melacs. was also engaged the survey the Crosse and Milwaukee 
Railroad from Crosse the Wisconsin River. 1856 and 1857, was 
engaged Assistant the preliminary location surveys for the Mississippi 
and Missouri Railroad (afterward the Chicago, Rock Island, and Pacifie Rail- 
road) between Iowa City and Council Bluffs, Iowa, under the late Gen. 
Grenville Dodge, Hon. Am. E.,-Engineer Charge. 1857, 
Mr. Farrar served Assistant Engineer charge level party the 
Illinois River Improvement. was also charge the soundings this 
work, under John Preston, Chief Engineer, and Joseph Trutch, Engi- 
neer Charge, who, later, became Lieutenant Governor the British pos- 
sessions Victoria, C., Canada. report, made 1863 the United 
States Government, the practicability making the river and canal water- 
way for ships between Lake Michigan and the Mississippi River, was based 
this survey. 

1858, Mr. Farrar was employed Assistant charge leveling 
party, with headquarters Morris, changing the levels and locks the 
Morris Division the and Michigan Canal. was also engaged 
the Fox River Feeder Dayton, 

1858, went Colorado Territory where was engaged sur- 
veying and mining prospecting. was given contract survey and 
plat the site Denver, and had about completed his arrangements 
begin the work, when the Pike’s Peak mining excitement occurred. 
joined the rush the prospective gold field and gave the survey the 
future city. While that section the country, however, surveyed 
Boulder City and Arapahoe County, then part Kansas, but now 
Colorado. 

After leaving Colorado, Mr. Farrar settled Washington County, Illinois, 
where was appointed Deputy County Surveyor. 

September, 1861, enlisted, Nashville, Company 48th 
Regiment for service the Civil War. was soon commissioned 
First Lieutenant and, later, Captain. was action with his regiment 
the battle Fort Donelson and Shiloh, also known Pittsburg 
Landing, Tenn., where was wounded. was afterward assigned duty 
Provost Marshal Memphis, Tenn., and, 1862-63, was detailed 
Engineer Officer charge railroad defenses and fortifications the lines 
the Mobile and Ohio and Mississippi Central Railroads. Captain Farrar 
also acted Engineer Officer the staffs Generals Sullivan, Kimball, 
Hurlburt, Washburn, and Dana. served until the close the war and 
received his honorable discharge from the Army the fall 1865, when 
resumed the practice his profession. 

1866, Captain Farrar, was afterward known, went St. Paul, 
Minn., and was engaged for fifteen months Assistant Engineer 
States river improvements under Gen. Warren. This work included 
surveys the Minnesota River from the Upper Agency Fort Snelling and 
the Mississippi River from St. Anthony Lansing, Iowa. 1867 and 
1868, was engaged the Minnesota River Railroad Assistant charge 
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the work location and construction, and, 1868 and 1869, served 
with the Pittsburgh, Fort Wayne and Chicago Railroad railroad account- 
ing, the office Alleghany, Pa. 

Captain Farrar then gave the practice his profession and went into 
business Cleveland, Ohio, where for about year had charge the Erie 
Grain Elevator. Although successful this work, the call his profession 
was too strong and, the fall 1870, went Newark, Ohio, where 
engaged Principal Assistant charge location and construction the 
Newark, Somerset, and Straightsville Railroad. This work comprised miles 
with heavy rock and tunnel work. 

1871, went Peru, where was employed the construction 
the Callao, Lima, and Oroya Railroad, commonly known the “Meiggs” Rail- 
road. first had charge Division Engineer the Lima Division from 
Lima San Bartolome, the foot the Andes Mountains, distance 
miles. the completion this work, was assigned the Varugas Divi- 
sion, but while the latter, was taken ill with fever and after being the 
hospital for several weeks, was granted leave absence and returned his 
home Jackson, Tenn., 1872. 

From 1872 June, 1886, Captain Farrar was the employ the Mis- 
sissippi Central Railroad, later re-organized the Chicago, St. Louis, and 
New Orleans, which became part the Illinois Central System about 
1882. 1872, the main line extended from New Orleans, La., Jackson, 
Tenn. that year, was decided build north Cairo, and connect 
with the southern terminus the Illinois Central. Captain Farrar was 
employed this work Engineer charge construction, until the com- 
pletion the extension. was then placed charge Engineer the 
line from Cairo New Orleans. 

From 1881 1886, was chiefly the location and construction 
branch lines this Company, under the charter the Yazoo and Missis- 
sippi Valley Railroad. had charge the line built from Jackson, Miss., 
through Yazoo City, north connection with Memphis. made many 
surveys for branches and line revisions and improvements for the Company. 

June, 1886, resigned his position with the Central Railroad 
engage the construction railroads Contractor. was occupied 
until 1889, when was appointed Chief Engineer Maintenance the 
Mobile and Ohio Railroad. remained with this Company until 1900, when 
resigned engage private practice Consulting Engineer. 

During the time was with the Mobile and Ohio Railroad, had charge, 
Chief Engineer, the location and construction its Montgomery, Ala., 
line, important connection about 200 miles length. was also engaged 
important work, connection with the Illinois Central Railroad, 
entrance Cairo, for the Mobile and Ohio Railroad. 

Captain Farrar was engaged private practice from 1900 January, 1918, 
when failing health forced him retire. During this period, was very active 
his profession, having had charge surveys and having made reports 
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many proposed railroads, including the one from Memphis, Tenn., Pensacola, 
Fla. was also occupied with surveys and construction highways, 
municipal improvements, and drainage canals, his work taking him into many 
States the South and also Wyoming. 

June, 1921, was appointed the Governor Tennessee delegate 
the National Drainage Congress held St. Paul, Minn., but his health 
would not permit him serve. 

Captain Farrar was married, 1863, Miss Agnes Wilson Jackson, 
Tenn., who, with daughter, Mrs. George Mamer, survives him. 

was member the Protestant Episcopal Church for the greater 
part his life and for many years was Vestryman St. Luke’s Church, 
Jackson. was member the Masonic Order and Past Grand Com- 
mander the Knights Templar. was Charter Member the Jackson 
Lodge Elks. was interested civic affairs and everything 
that pertained the welfare his community. 

Captain Farrar was man the highest integrity, was greatly beloved 
his friends, and trusted and respected all with whom was associated, and 
one stood higher esteem the community where had lived since 
early manhood. served his country faithfully and was honor his 
profession. 

Captain Farrar was elected Member the American Society Civil 
Engineers November Ist, 1893. 


WILLIAM RYAN HILL, Am. Soe. E.* 


Diep JuNE 16TH, 1918. 


William Ryan Hill, the seventh son John Hill, was born New 
York City, June 1854. received his education St. John’s 
College, Fordham, Y., and Tremont Seminary, Pennsylvania. 

the completion his education, the age 18, Mr. Hill immediately 
obtained position with the New York Central and Hudson River Railroad, 
where advanced rapidly that two years was placed charge 
the elimination the grade crossings Fourth Avenue from 115th Street 
the Harlem River, New York City. 

For number years, Mr. Hill was engaged the construction the 
Elevated Railroad New York City. then entered the service the 
Boston, Hoosac Tunnel, and Western Railway Division Engineer 
charge construction. the organization the South Pennsylvania Rail- 
road, Mr. Hill was appointed Senior Assistant Engineer and, for three years, 
was engaged making extensive topographic and location surveys the 
Alleghany Mountains Pennsylvania. The surveys made the Engineering 
Corps the South Pennsylvania Railroad for the determination the final 
location the main line, were considered models for many years. 
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1889, was appointed Chief Engineer the Syracuse Water-Works, 
and under his supervision the new system water supply for that city was 
constructed and operated. acknowledged one the most perfect 
the United States all its details, costing more than yet the 
aggregate all payments the contractors, including extra bills, was within 
Mr. Hill’s estimate which the contracts were based. 1895, the 
Society awarded him the Thomas Fitch Rowland Prize for paper* describing 
the engineering features this work. 

December 31st, 1899, much the regret the officials the City 
Syracuse, resigned his position accept the appointment Chief 
Engineer the Aqueduct Commission New York City. During Mr. Hill’s 
occupancy this position, plans were perfected for the New Croton Dan, 
the Jerome Park Reservoir, and other structures magnitude, which both 
the engineering and construction work was dispatched with marked ability. 
During the period this duty, his health failed, and resigned July, 
1903. accepting his resignation, the Aqueduct Commission 
him his zeal, courage, and engineering skill successfully carrying 
this great work. 

account poor health, Mr. Hill accepted active engagements, 
serving only advisory capacity until January 1st, 1907, when was 
appointed Special Deputy State Engineer New York and placed charge 
the construction the Barge Canal during 1907 and 1908. this time, 
was offered the nomination for State Engineer, but declined preferred 
not enter the political field. 

1909, opened independent office Y., and soon ac- 
quired large and important consulting practice which continued until 
his death, which occurred his home there June 16th, 1918. 

July, 1874, Mr. Hill was married Miss Bella Baxter, White 
Plains, Y., who survives him. also survived four sons, John J., 
Joseph B., Edward B., and William R., Jr., and one daughter, Miss Alice 
Hill. 
Mr. Hill was splendid example American manhood, clean cut, able, 
persistent, and industrious, and his fairness, kindness, and generosity, 
built himself deep into the affections myriad people who felt proud 
call him friend. His fondness for and devotion his home and family were 
notable traits his character. 

His advice for success was “that one ean accomplish things un- 
less aims great things and pursues that aim with untiring energy, un- 
flinching courage, and self-confidence.” 

one time was President the American Water Works Association 
and the Albany Society Civil Engineers. was also member the 
New England and Central States Water Works Associations. 

Hill-was elected Member the American Society Civil Engineers 
July, 1891, and was Director the Society the time his death. 


Syracuse, Y.”, Transactions, Am. Soc. E., Vol. XXXIV 
(1895), 


q 

q 
| | \ 


Memoirs. MEMOIR HIRAM PHILLIPS 


HIRAM PHILLIPS, Am. E.* 


1921. 


Hiram Phillips was born Boone County, Missouri, November 9th, 
1859, and received his early education the schools that county. 
Later, attended the Missouri State University, and was graduated the 
Engineering Class 1880. 

His first employment was with the Mississippi River Commission 
surveys and construction the Lower Mississippi. After more than three 
years this work, resigned 1884 take Post-Graduate Course 
the University Missouri Mining Engineering and Assaying. 

Mr. Phillips then secured commission District Mineral Surveyor 
Colorado, opening office Alma, Colo., where, partnership with Mr. 
Powliss, followed this branch engineering for about four years. 
then returned Columbia, Mo., where accepted appointment 
Assistant Professor Engineering the University Missouri. Being 
intensely practical man, Mr. Phillips found his eight years the field and 
office inestimable value him teacher. Many practicing engineers 
to-day can attribute some measure their successful practice the com- 
mon-sense way which engineering problems were placed before them 
Hiram Phillips during their college days. 

1891, Mr. Phillips moved St. Louis, where maintained office 
during the remainder his life. engaged general engineering work, 
but devoted the greater part his time the design and construction 
water-works and sewerage systems. 

1901, was elected President the Board Public Improvements 
the City St. Louis for term four years. Under the charter the 
city that time, the President the Board Public Improvements ex- 
ercised supervision over the five Departments, the heads which composed 
the Board under which all the public work done the city was designed and 
executed, namely, the Water, Sewer, Harbor, and Park Departments, Com- 
missioners for the first three being required engineers, was also the 
President. 

During Mr. Phillips’ term office, addition the construction being 
carried all times city the size St. Louis, which required more 
less attention from his office, the World’s Fair was built, held, and cleared 
away, all which entailed great amount detailed work the President 
and his office, and brought many difficult questions for settlement. Mr. 
Phillips’ fairness and clean-cut sense justice brought him through this 
trying time with credit not only for himself, but for all his associates the 
Board. 

1905, resumed his private practice, with St. Louis his head- 
quarters. During his professional life served about sixty-nine cities and 
towns Consulting, Designing, Constructing Engineer. was appointed 
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many boards and commissions and reported various projects for many 
places, among which may mentioned Denver, Colo., Oklahoma, Okla., Palm 
Beach, Fla., Kansas City, Mo., Colorado Springs, Colo., and Santa Fe, Mex. 

Some the places for which Mr. Phillips designed and built public works 
are Florence, Colo., Brookfield, Mo., Columbia, Mo., Raton, Mex., Mariana, 
Blytheville, and Walnut Ridge, Ark., St. Charles, Mo., Centralia, Ill., Grand 
Colo., and Phenix, Ariz. The infiltration galleries the Verde 
River and the 30-mile pipe line for the new water supply for had 
just been completed, the water being turned about December 15th, 1921, 
and, December 22d, 1921, Mr. Phillips was making final inspection the 
work, which had fathered from its beginning 1912, and for which had 
acted Consulting Engineer its completion, when met with the fatal 
accident which caused his death. The automobile which was riding over- 
turned and crushed him. 

Hiram Phillips was engineer who applied common sense all problems 
uncommon degree. was outspoken his views and tenacious his 
opinions, intensely loyal his friends, and gifted with the faculty making 
and remembering acquaintances. was man great energy, with restless 
mind, ever devising means getting work under way, and continually seeking 
new and better methods construction. 

1885, was married Miss Nellie Horine who, with two children, Paul 
and Elizabeth, survives him. 


Mr. Phillips was Mason, Elk, member the St. Louis Engineers’ 
Club, the American Water Works Association, the Noonday Club 
St. Louis, and other technical and social societies and organizations. 

Mr. Phillips was elected Associate Member the American Society 
Civil Engineers January 3d, 1894, and Member November 3d, 1897. 
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LOCOMOTIVE LOADINGS FOR RAILWAY BRIDGES 


For some time bridge engineers have recognized that the Cooper system 
loading has ceased provide correct specification for the design rail- 
way bridges, does not properly represent modern locomotive loadings. 
The specifying different weights Cooper engines for different lengths 
span for different members the same span (as has been done) is, best, 
makeshift solution the problem, and only serves emphasize the need 
more consistent loading specification. the successive attempts 
keep pace with the continuous increase railway loadings, the Cooper load- 
ing has been “strained beyond its elastic limit.” 

This paper presents new loading system based study the stress- 
producing effects modern heavy locomotives. 

The basic idea was establish the maximum stresses producible all 
sections all spans the heaviest existing locomotive loadings. The com- 
posite results showed variation equivalent Cooper ratings ranging from 
for the shorter spans E-60 for the longer ones. 

the composite the heaviest existing locomotive loadings the best 
index the directions which the present average locomotive loadings may 
which any new loading diagram proposed for the design railway bridges 
ought conform. The next step, therefore, was devise loading diagram 
formula conforming closely practicable this composite standard 
norm. This paper offers three alternative solutions this problem: 


conventional wheel-load diagram, representing locomotive the 
Mallet type. 

simplified loading diagram, consisting uniform load with three 
excess concentrations. 


discussion will published subsequent number Proceedings, 
and, when finally closed, the papers, with discussion full, will published Trans- 
actions. 

Cons. Engr., New York City. 
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3.—A simple loading formula, giving directly the equivalent uniform load 
for any section any span. 


Each these three alternative solutions has its distinctive advantages. 
The first represents the least departure from present methods, involving merely 
the substitution new and simpler wheel-load diagram for the one now 
use. 

The second solution offers greatly simplified loading, which can used 
expeditiously without tables charts. 

The third solution the most scientific principle and most convenient 
application; tables, diagrams, and charts become endowed with simplicity 
and regularity; or, tables and charts are not hand, any maximum stress 
can found simple operation the ordinary slide-rule. 

expedite the application the three proposed loading specifications, 
tables, charts, and isogonic diagrams equivalent uniform loads are pre- 
sented. Shear and moment graphs are also given, show how closely the 
three proposed loadings conform the composite standard for span lengths 
from 1000 ft. 

For each proposed loading system, the intensity corresponding the 
composite standard designated Loading M-60. This loading can 
reduced fixed ratios the same manner the Cooper sys- 
tem loading. rating chart and rating tables, included the paper, 
permit quick comparison conversion and ratings for any member 
any span. 

Loading M-60 will give stresses for all spans very close the maximum 
stresses producible the heaviest existing locomotive loadings. about 
equivalent Cooper’s E-75 for short spans and Cooper’s E-60 for very 
long spans. 

The adoption Loading M-60 future loading specification instead 
E-60 will insure that the short spans are strong enough for the heaviest 
locomotives and trains, without penalizing the longer spans with 25% 
waste metal. 

The object this paper direct attention the inadequacy the 
Cooper system represent properly modern railway loadings; submit, for 
the consideration the Engineering Profession, three alternative forms 
new loading system based the stress-producing effects modern locomo- 
tives; and secure, through discussion, consensus opinion which 
the three proposed forms should recommended future loading 
specification. 


INTRODUCTION 


The Cooper system loading was introduced into American bridge practice 
about years ago. that time, the heaviest loads provided for were 
properly represented Cooper’s E-40 loading, consisting two consolida- 
tion locomotives with 40000 Ib. each driver axle, followed uniform 
train load 4000 Ib. per lin. ft. 
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Since then there has been rapid and continuous augmentation locomo- 
tive and train weights. provide for this increase, the original Cooper’s 
E-40 loading was raised successive specifications the present values 
E-60 and E-70 applying fixed multiplying factors the original loading 
diagram. This procedure could applied indefinitely, without error, the 
governing locomotive types and wheel spacings remained unchanged, and 
the uniform train loads increased the same proportion the axle con- 
centrations. 

However, the old consolidation locomotive has been superseded new 
types engines having different wheel groupings and weight distributions. 
The wheel diagrams such modern locomotive types the Mikado, Mallet, 
Santa Fé, bear little resemblance Cooper’s engine diagram. Moreover, 
since the days the E-40 loading, the axle concentrations have increased 
100%, whereas the weight train per linear foot has increased barely 
per cent. should obvious, from these considerations, that limit has 
_been reached the proportionate stretching the old Cooper engine load- 
ing make fit modern loading conditions, and that the time has come 
make fresh start, with system based the existing locomotive and train 
loads. 

Besides minor anomalies, the most serious indictment against the Cooper 
system that bridges uniform strength for present-day traffic cannot 
obtained except specifying different classes the Cooper loading for 
different lengths span and for different members the same span. The 
maximum equivalent Cooper rating the heaviest existing locomotives varies 
from E-75 for short spans E-60 for long spans. 

For the New York Central Lines, provision part made for this varia- 
tion specifying Cooper’s E-70 for spans 200 ft. and E-65 for spans 
more than 200 ft. This, however, does not provide for variations within 
structure given span. 

strengthening the Niagara Railway Arch Bridge, Fowler, Am. 
Soe. E., adopted E-70 for the floor system the 550-ft. span; E-60 for 
the truss members the same span; and E-70 for the truss members the 
115-ft. approach spans. 

Such hybrid specifications, necessitated the lack correspond- 
ence between the Cooper system and modern train loads, have obvious dis- 
advantages and are, best, makeshift solution the problem. They serve 
only emphasize the need new loading specification that will more 
consistent with present-day traffic. 

The Cooper loading does not correspond modern locomotives, and its 
retention standard for design unscientific. Its use produces designs 
that are unbalanced for present-day loadings. For instance, the Pennsyl- 
vania Railroad locomotives are equivalent Cooper’s E-55 for some 
bridge members and E-75 for others, range variation per cent. 
The Erie 2-10-2 locomotives are equivalent Cooper’s E-53 for some bridge 
members and E-70 for others, range variation per cent. Other 
locomotives, compared the writer, gave similar ranges variation. 
other words, structures designed for the arbitrary Cooper loading will not 
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uniform strength for given modern locomotive; some the members 
span will defective strength comparison with others, and some 
the spans line will disproportionately weak comparison with others; 
and this difference strength may amount much per cent. 

argument advanced for retaining the Cooper loading that affords 
convenient standard for rating bridges; but the writer maintains that 
standard that has become warped such extent yield results that fail 
harmonize 40%, has outlived its usefulness. 

new loading, the form diagram, formula, chart, should 
developed for future specifications. This loading should satisfy the following 
requirements: 


should give results that harmonize closely with the stresses pro- 
ducible modern heavy locomotives. 

2.—It should heavy enough provide for the probable future increase 
loading during the desired life the structure. Accordingly, should 
from 50% heavier than the average present loading (supposed 
represented E-60). 

should presented such form will yield maximum facility 
application and will discourage meaningless refinement computation. 


The foregoing considerations have prompted and guided the investigations 
embodied this paper. 


The first step toward establishing new standard loading was make 
analysis the stress-producing effects the heaviest existing locomotives. 

The most scientific way studying, recording, and comparing the stress- 
producing characteristics any specified loadings for all sections all spans 
the basis equivalent uniform loads. The equivalent uniform load for 
any section any span represents the stress-producing value given 
loading, divested all dimensional factors. Such system equivalent 
uniform loads was first published the writer device for expediting 
the calculation stresses for Cooper’s loading. (See Plate XI.) The system 
based the principle that the equivalent uniform load for any stress 
depends only the horizontal lengths, and the two segments the 
influence triangle for that stress. merely necessary multiply this 
equivalent uniform load (taken from table chart) simple dimensional 
factor obtain the maximum value any stress. 

Accordingly, the writer determined the equivalent uniform loads for the 
seven heaviest existing locomotives. The results are tabulated Plate XII. 
The locomotives included this analysis and comparison are the following: 

(1) The Erie Railroad Class (2-8-8-8-2). 
(2) The Virginian Railway (2-10-10-2). 
(3) Two Pennsylvania Railroad N1S engines (2-10-2). 
(4) Two Erie engines (2-10-2). 
(5) The Virginian Railway (2-8-8-2). 
(6) The Standard (2-8-8-2) 
(7) The Lake Shore and Michigan Southern Mallet 
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Behind each these locomotives uniform train load per 
lin. ft., which fairly represents the heaviest continuous train loads. (An 
extra heavy coal car the Virginian Railway weighs 940 lb. per ft. 
track when loaded capacity, and 380 lb. per ft. with 10% overload). 

The table given Plate XII covers range values and ex- 
tending from 1000 ft. For each point the table, there are recorded 
seven values equivalent uniform loads corresponding, respectively, the 
seven locomotives previously listed. The largest the seven values each 
block indicated bold-face type. 

These maximum equivalent uniform loads, given bold-face type 
Plate XII, represent composite the heaviest existing loadings. table 
these maximum values would constitute itself adequate loading 
specification insure the safe and balanced design all spans for the 
heaviest present-day locomotives. 

The seven locomotives are listed the general order their stress-produc- 
ing effects. There are, however, variations from this order; each locomotive has 
low points the table (Plate XII) where overlapped one more 
the lighter locomotives. This fact constitutes outstanding advantage 
composite loading, free from arbitrary low points due the 

found inspection the table (Plate XII) that Locomotive No. 
produces maximum stresses for all points above indicated zigzag line cor- 
responding approximately span 150 ft. Between this line and 
lower zigzag line, corresponding span about ft., Locomotive No. 
produces maximum stresses. For all shorter spans, Locomotive No. the 
governing load. Therefore, Locomotives Nos. and are sufficient 
cover the entire field existing locomotives far maximum stress- 
producing effect concerned. composite these three engines would give 
stresses greater than any known loading for any section member any 
span. 

order present graphic form the composite stress-producing charac- 
the heaviest locomotives, the maximum values the equivalent 
uniform loads next platted chart (Plate This diagram 
the same form Plate for the Cooper loading, referred previously. 
possesses, however, striking advantages over the Cooper chart. The curves 
are more regular and the spacing more even; the low points and kinks due 
the the Cooper engine diagram are eliminated. The 
smoothness the curves insurance against designs becoming unbal- 
anced future changes locomotive wheel diagrams. 

This chart (Plate XIII) does not represent any single known engine but, 
instead, represents maximum composite all existing engines and train 
loads, including the heaviest types. known loading can produce greater 
stress any member than given this chart. Surely this fact alone 
ought commend the chart standard for future loading specifications. 

This chart (Plate XIII) may conceived plat equivalent load 
curves, each enveloping the corresponding curves for all existing locomotives. 
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The author submits this chart (Plate XIII), its tabular form, Plate 
XII, the Profession standard norm which any new loading dia- 
gram proposed for the design railway bridges ought conform. desired, 
this chart alone could incorporated bridge specifications simple 
and adequate prescription for all railway live load stresses. Bridges designed 
thereby would safe, without waste, for the heaviest loadings thus far 
developed. 

The loading, real imaginary, represented this chart (Plate 
will hereinafter referred the “Composite Standard Loading”, and will 
designated the class symbol, M-60. 

Plate XIV presents tabulation giving for each point the equivalent 
uniform load for the Composite Standard Loading and, also, the respective 
ratios thereto the equivalent uniform loads for the seven heaviest existing 
locomotives. 

This table (Plate XIV) presented, primarily, show how little the 
Composite Standard Loading would changed the omission any one 
the seven loadings entering into it. For instance, Locomotive No. 
were omitted, the maximum reduction stress would only 3.6%; Loco- 
motive No. were eliminated, the maximum stress reduction would only 
Locomotive No. were omitted, there would stress reduction, 
except for very short spans; any all the remaining locomotives (Nos. 
inclusive) were omitted, the Composite Standard Loading would 
entirely unaffected. 

the omission any the heaviest locomotives effects slight 
reduction the Composite Standard Loading, logical expect that 
the addition any new locomotive that may developed the near future 
will produce equally slight augmentation the Composite Standard Load- 
ing. other words, the Composite Standard Loading provides for probable 
future development load distribution well for present-day loading. 

The tabulation percentages Plate XIV also useful comparing 
the stresses given the Composite Standard Loading and those producible 
any one the heavy locomotives listed. For instance, Locomotive No. 
(the Lake Shore and Michigan Southern Mallet) the heaviest locomotive 
line, and the spans not exceed 300 ft., the tabulation Plate XIV 
shows that will sufficient specify 90% the Composite Standard 
Loading. 

the stresses for any bridge are calculated from the chart (Plate XIII) 
for the Composite Standard Loading, the percentages tabulated Plate XIV 
can then applied, desired, give the exact stresses producible any 
heavy locomotive. 

The tabulated percentages Plate XIV can also used show the 
safety, under any proposed engine, structure designed for any other 
engine the list. Other uses this table (Plate XIV) will suggest them- 
selves the bridge engineer. 

The table Plate gives the equivalent uniform load (per track). for 
Cooper’s E-60 loading for any section any span and, also, the corresponding 
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Cooper ratings for the seven heaviest locomotive loadings, order permit 
direct comparison conversion stresses. 

Aside from the general purpose this paper, this table (Plate XV) 
useful for determining the overloading effects any one the heavy locomo- 
tives structure designed for given Cooper loading. 

The principal object presenting this table (Plate XV), however, 
show the disparity between the Cooper loading and the heavy locomotives 
now use. Table shows the extreme variations equivalent Cooper 
ratings for the seven locomotives investigated: 


Loading. Minimum rating. Maximum rating. Range variation. 


AIA COT 


This attempt apply the Cooper system measuring standard for 
rating existing railway loadings reveals the difficulties that have arisen. The 
Cooper system and modern loadings have become incommensurable. given 
modern loading cannot expressed given equivalent the Cooper sys- 
tem, otherwise error 37% will introduced. measuring 
rating standard for present-day traffic; the Cooper system yields results that 
are radically inconsistent. 


E-61.4 


Stringers E-72.9 
Floorbeams 


This disproportion between the Cooper system and actual modern loadings 
has made almost prohibitively difficult for the railroads “Cooperize” their 
bridges. The engineer structures one the prominent lines recently 
told the writer that had been given hopeless task. When attempt 
was made fix the Cooper rating bridge designed for the road’s actual 
equipment, one Cooper rating would obtained for the stringers, another 
for the floor-beams, still another for the chord members, and different rating 
again for the web members. 

simple illustration this incommensurability the Cooper system 
with modern loadings given Fig. representing the Cooper rating dia- 
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gram 140-ft. span designed for the Pennsylvania Railroad N1S engines. 
The ratings shown are taken directly from Plate XV. 

the bridge intended for the modern engine, but designed accord- 
ing Cooper’s loading specification, there will relative overstressing 
waste metal some the parts, amounting per cent. Such varia- 
tion appears the writer sufficient indictment against 
the Cooper system present-day specification. 

The next step was construct graphic chart for rating the Composite 
Standard Loading (M-60) terms the Cooper system. This chart, pre- 
sented Plate XVI, was obtained plotting the maximum taken 
from the tabulation Plate XV. 

The kinks this chart are not due any irregularities the Composite 
Standard; they represent the peculiarities the Cooper loading diagram. 
The same irregularities are found any chart diagram relating the 
Cooper loading, whereas chart constructed for the Composite Standard 
Plate comparatively smooth and free from disturbing 
irregularities. 

This chart (Plate XVI) can used rating chart for comparing 
converting the stresses from the Cooper loading and the stresses from the 
Composite Loading (M-60) proposed herein standard. Thus, the 
middle 40-ft. span (1, 20, 20), the proposed loading equivalent 
Cooper’s E-75. the quarter-points 400-ft. span (1, 100, 300), 
the proposed loading equivalent Cooper’s E-63.4. 

Table shows the Cooper ratings the proposed loading (M-60), for 
various spans, obtained from Plate XVI and the corresponding table 


(Plate XV). 


Loapine (M-60). 


Spans. E-rating for center moments. E-rating for end shears, 
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Table shows that the proposed Composite Loading (M-60) equivalent 
about Cooper’s E-75 spans and Cooper’s E-60 long spans. 
other words, the Cooper rating the proposed loading (M-60) gradually 
diminishes from E-75 E-60 the length span increased. 

This variation shows that bridges different span length the same 
line will not uniform strength under modern loading, they are 
designed for uniform class the Cooper loading. designed for E-60, 
the shorter spans will overstressed 25%; designed for E-75, the longer 
spans will have metal. Under these conditions, single load- 
ing that will result bridges uniform strength for all spans and for all 
members any span, should preferred the Cooper system. designed 
for the proposed M-60 loading, all members all spans will uniform 
strength under modern loading conditions, and any member any span will 
strong enough, without waste, carry the heaviest existing locomotive 
loads. 

Having constructed, substitute for the Cooper system, composite 
the heaviest existing locomotives the form table (Plate XII) and 
chart (Plate maximum equivalent uniform loads, the problem 
devising more condensed and more tangible form representing this new 
loading system will discussed. the following pages, the writer presents 
three alternative solutions this problem: 


1.—A proposed engine diagram, consisting simple conventional system 
axle concentrations, followed uniform train load. 

simplified loading diagram, consisting uniform load with 
floating group three excess concentrations. 

loading formula, giving directly the equivalent uniform for 
maximum stress any section any span. 

These three alternative methods specifying the proposed loading system 
will presented and discussed turn. 


ENGINE LOADING 


The engine loading diagram devised represent the composite the 
heaviest existing locomotives shown Figs. and and Plate 
XVII. 

necessity, locomotive the Mallet type was adopted. (Five the 
seven heaviest locomotives, shown Plate XII, are the Mallet type.) 

Five axles each group drivers were found necessary. (Three 
the four heaviest locomotives have Decapod grouping.) 

This makes total ten driving axles, the same the heaviest locomo- 
tive loadings Nos. and (In Nos. and there are only eight driv- 
ing axles. No. there are twelve driving axles). 

order obtain the same stresses for small spans are produced 
the heavy group driver concentrations Locomotive No. (Pennsylvania 
Railroad was found necessary make one group axle loads 
the proposed engine diagram, 75000 each. The axle loads the other 
group were made 000 each, order keep down the stresses for longer 
spans the values produced Locomotives Nos. and 
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The spacing the axles was made ft., this the closest 
spacing such axles any existing loading. The spacing the 
axles was made ft., for the same reason. (In Locomotives Nos. and 
the axles are spaced approximately ft. apart; and Locomotives 
Nos. and the heavier axles are spaced ft. apart.) The heavier group 
axles was placed the rear, following the precedent Locomotive No. 

pair pilot wheels was added, required the stresses, accordance 
with the precedent fixed the six heaviest locomotives. The trailing wheels 
and tender, however, are considered being absorbed the uniform train 
load which follows the locomotive. modern have concentrated loads 
exceeding those the trailing wheels and tender, inconsistent refinement 
represent the one concentrations and the other uniform load. 

The proposed engine diagram thus reduced conventional 2-10-10 
grouping wheels, followed uniform train load 6000 per lin. ft. 

Although the engine diagram really determined the conditions pre- 
viously set forth, the writer arrived the same diagram synthetic 
method which closely fixed each axle load and each wheel spacing. 

constructing chart equivalent uniform loads, one begins with wheel 
diagram and proceeds find the corresponding equivalent uniform loads. 
the present case, the problem reversed: The equivalent uniform loads are 
listed for all sections all spans the table (Plate XII) and the chart 
(Plate required construct wheel diagram fit these equivalent 
uniform loads throughout the entire range spans and sections. 

This problem solved starting with very short spans, and determining 
the necessary maximum concentration. Then, successively lengthening 
the span considered, successive additional axle loads are determined 
magnitude and relative position, until point reached where the further 
annexing concentrations can dispensed with and uniform load sub- 
stituted. This, brief, the method that was followed the writer, except 
that minor modifications the loads and spacings were introduced order 
secure greater uniformity and simplicity. 

After the engine thus determined, was found give results 
very close those obtained with the composite the heaviest locomotives, 
except for slight variations due the rounding off the figures adopted. 

order facilitate the use the proposed engine diagram and the 
same time test its conformity with the Composite Standard, the equivalent 
uniform loads have been computed and are presented tabular form 
Fig. 

This table (Fig. gives the equivalent uniform loads the proposed 
engine loading (M-60) for all sections all spans. found check 
closely the maximum values the similar table (Plate XII), constructed for 
the heaviest existing locomotive loadings. 

Simple methods using this table calculating maximum bending 
moments, shears, and reactions are indicated. More complete instructions for 
maximum stresses all kinds from equivalent uniform loads will 


found Plate XI. 
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For Maximum Floorbeam Reaction Hanger, 
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Influence Line, L 


Z, = Shorter Segment of Influence Triangle, 
Longer Segment Influence Triangle, 


Equivalent Uniform Load taken from 
Chart for the values and 
Values given in pounds per linear foot 


per track, 


This table can be used for figuring the maximum stress 
in any member or section of any span, It gives stresses 
approximately equal the maximum stresses producible 
by the heaviest existing locomotive loadings, 
TABLE 
EQUIVALENT UNIFORM LOADS (PER TRACK) 
FOR 
DESIGNING RAILWAY BRIDGES 


. Based on Proposed Engine Loading M-60 
& 


60 


6000 Ib.per lin. ft 
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Fig. conventional tabulation load positions giving maximum 
stress under the proposed engine loading. gives the wheel placed 
the section for any combination values The equivalent uniform 
loads tabulated Fig. correspond the load positions given this table 
(Fig. 3). 

The table (Fig. shows greater regularity than the corresponding table 
for the Cooper loading (Plate XI). For the proposed engine loading, this 
table (Fig hardly needed, the wheel diagram simple and regular 
that load positions for maximum stress any section can decided in- 
spection. seldom necessary try more than one load position for any 
maximum stress. 


Shorter Segment 


For ft., place head 
uniform train load 


ft. from head span. 


When increases beyond the value 117.5 ft., the head the uniform 
train load becomes fixed that distance from the head the span. 
sequently, for all values exceeding 117.5 ft., the equivalent uniform load, 
kips per foot, expressible Equation (1): 

320 


For mid-span moments, and Equation (1) reduces to: 


660 
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For end shears spans ft. more, the proposed engine loading 
yields equivalent uniform load expressible Equation (3): 


440 
2 2 


The use Equations (1), (2), and (3), and other similar formulas, 
greatly simplified the computation the equivalent uniform loads for the 
table Fig Moreover, these formulas represent continuous functions 
and over wide areas, and, therefore, contribute smoothness and regu- 
larity charts diagrams equivalent uniform loads constructed for the 
proposed engine loading (Plate XVII and Figs. and 6). 

The remarkably close correspondence between the proposed engine load- 
ing (M-60) and the composite the heaviest existing locomotives shown 
the comparative rating table, Fig. This table gives, for each point, the 
percentage ratio the equivalent uniform load for the proposed engine load- 
ing the corresponding equivalent uniform load the Composite Standard. 
The percentages tabulated are simply the ratios the values Fig. 
the corresponding maximum values Plate XII. 

The tabulated ratios are all close 100%; with few exceptions the varia- 
tion less than per cent. few points, confined very short spans, 
some larger variations are found, with extreme values and per cent. 
These variations could have been eliminated making one two the 
heavy axle loads the proposed engine loading slightly more than 
and the adjacent axle loads correspondingly less; but the writer considered 
wiser sacrifice such hair-splitting refinement for the sake the greater 
simplicity and convenience resulting from the use five equal axle loads 
000 lb. The writer doubts whether any closer agreement with the Composite 
Standard could obtained the use any other engine diagram equal 
simplicity. 

Having computed the equivalent uniform loads for the proposed engine 
loading (Fig. 2), and having verified (Fig. their close agreement with the 
Composite Standard previously established (Plate XII), the next step was 
present the values graphic form for easier application. This done 
Plate XVII which chart equivalent uniform loads for the proposed 
engine loading and which are notes that explain its use. 

This chart (Plate XVII) agrees closely with the corresponding chart for 
the Composite Standard (Plate XIII). The maximum variation between cor- 
responding the two charts is, except for few unimportant points, 
only per cent. 

The curves the chart (Plate XVII) are remarkably smooth and regular 
for derived from loading diagram with wheel concentrations. They 
are free from the kinks and irregularities found charts based the 
Cooper engine diagram, which are attributable certain minor anomalies 
inherent the Cooper loading. 

the proposed engine loading (M-60) adopted, this chart (Plate 
can incorporated any set printed specifications time saver 
live load stresses. gives the maximum stresses produced 
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Equivalent Uniform Loads for Shears and Reactions 


a o pad 

- 


q 


This Chart can used for figuring the Any Triangular 
maximum any member section Influence 
any span. gives stresses approximately Shorter Segment Influence Triangle, 
equal the maximum stresses producible Longer Segment Influence Triangie, 
the heaviest existing locomotive loadings, Equivalent Uniform Load taken from 


Chart for the values and 
Values given pounds per foot per 


450 450 
400 400 
350 350 
300 300 
250 250 
200 200 
APPROXIMATE 
ISOGONIC CHART 
100 EQUIVALENT UNIFORM LOADS 
FOR 
DESIGNING RAILWAY BRIDGES 


| 
: Any value, 
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M-60, which are nearly equal the maximum stresses producible the 
heaviest existing locomotive loadings. 

Fig. there presented greatly simplified form chart 
equivalent uniform loads devised the writer. the form 
isogonic straight-line diagram constructed new empirical method. 

Since the relation for given engine diagram between the equivalent 
uniform loads and the span segments and not expressible 
continuous function, either logarithmic otherwise, ordinary nomo- 
graphic diagram with straight axes cannot applied. alternative, 
the writer decided plot the values logarithmic field, and use 
the mean curve thus obtained the The result shown Fig. 
This simple chart gives the equivalent uniform loads for the 
proposed engine loading (M-60). is, necessity, slightly approximate; 
but the largest error resulting from its use only per cent. This 
diagram possesses advantages simplicity and ease reproduction, which 
counterbalance the advantage greater precision the preceding chart 
(Plate 

attempt construct similar diagram for the Cooper 
loading was abandoned, the inherent peculiarities that loading made 
impossible obtain acceptable result. 

The small error 4.2% the chart (Fig. could 
still further reduced substituting curved axes for and requires 
merely repetition the operation which the curved axis for was ob- 
tained. successive repetition this procedure, final isogonic chart may 
obtained give results with almost any desired degree accuracy. The 
_writer submits this suggested method for constructing chart 
for any three variables between which there relation that more less 
regular, but which not expressible any continuous formula. This isogonic 
chart (Fig. may incorporated specifications based the proposed 
engine loading (M-60). 

Fig. there presented, more familiar form, graphic comparison 
between the different loadings under consideration, namely: 

(1) Cooper’s E-60 loading; 
(2) The the heaviest existing locomotives; and 
(3) The proposed engine loading (M-60). 

The stress-producing effects these loadings are represented graphs 
equivalent uniform loads for end shears and center moments for spans 
varying length. 

For both shears and moments, the Composite Standard about 25% 
heavier than Cooper’s E-60 short spans and gradually approaches coincidence 
with the latter very long spans. Cooper’s substituted, will 
cause excess 25% long spans. 

For end shears, there the slight discrepancy few per cent., pre- 
viously mentioned, between the Composite Standard and the proposed engine 
loading (M-60) short spans. Except for spans less than ft., the 
variation the side safety. For spans more than ft., the two 
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Shorter 


Longer Segment, 


Equivalent Uniform 
Loads for 
Shears and 
Reactions 


(1;=0) 


EQUIVALENT UNIFORM LOADS 
FOR 


DESIGNING RAILWAY BRIDGES 
Based Proposed Engine Loading M-60 


6000 Ib. per lin. ft. 


This chart can used for calculating the maximum 

stress any member section any span. gives 
stresses approximately equal the maximum stresses 
producible the heaviest existing locomotive loadings. 


S 
= = 


= 


For Maximum Bending 
Moment any section 


= 
= 
i> 
NSS 


two segments the span, Any 


For Maximum End Reaction End 


Shear, and the span, Longer Segment Influence Triangle, 

the longer segment the span, and 
per track, 
the span. 
For Maximum Floorbeam Reaction stress Hanger, 

and the adjoining panel lengths. 


1000 
600 6962 
500 7143 
400 7406 
300 7826 
2380 7943 
260 8072 
240 8222 
220 8395 4 
200 8594 
180 8825 
160 9110 
140 9440 
120 9840 
100 | 10 320 
90 | 10580 
80 | 11 180 
70 | 11840 
60 | 12380 
50 | 12.840 
30 16 430 
= 
1 
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curves coincide, indicating that the proposed engine loading the exact 
equivalent the Composite Standard this range. 

the graphs for center moments, there remarkable agreement be- 
tween the proposed engine loading (M-60) and the Composite Standard. The 
two curves follow each other throughout, with maximum variations only 
2%, except for one point having difference 2.9 per cent. 


000 


000 


nds per linear foot per track 


o 


Equivalent Uniform Loads pou 


000 
Span Feet 
COMPARISON PROPOSED ENGINE LOADING 
WITH EXISTING LOADINGS 
$3888 8 & 6000 Ib.per lin.ft, 
Proposed Engine Loading M-60 


This agreement between the two curves close could reasonably 
demanded. Closer agreement cannot secured without sacrificing the sim- 
plicity and uniformity the proposed wheel-load diagram. The variation 
small that the proposed engine loading (M-60) may safely accepted 
close equivalent the composite the heaviest existing locomotives. 
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The tabulation Fig. shows how the proposed engine loading can 
diminished augmented fixed ratios form different classes, the same 
manner the Cooper system engines. 

After conference with other engineers, the writer has decided designate 
the proposed engine loading, previously derived, equivalent the heaviest 
modern locomotives, the class symbol, M-60. The letter, stands for 
“Modern”, “Motive Power”, “Mallet”. The class number made 
symbolize, the conventional manner, the weights the first group driver 
axles and the weight the uniform train load. additional reason for 
the designation, 60, was simplify the conversion different classes. 


PROPOSED ENGINE LOADING SYSTEM 
FOR DESIGN RAILWAY BRIDGES 


Uniform Load 


Loads per Track 
62.5 62.5 62.5 62.5 62.5 
87.5 87.5 87.5 87.5 87.5 
100 100 100 100 100 


112,5 


Loading M-60 will give stresses for all spans 
very close the maximum stresses producible 
the heaviest existing locomotive loadings. 
approximately equivalent Cooper’s E-75 for 
short spans and E-60 for long spans 


Reducing the engine loading Class M-10, unit, 
there pilot axle k., five driver axles k., and five driver axles 
12.5 k., followed uniform load per lin. ft. This simple loading 
all that need given specification. multiplying this unit loading, 
M-10, the loadings, M-40, M-50, M-60, M-70, M-80, and 
M-90 are obtained. 

Loading M-60 will give stresses for all spans very close the maximum 
stresses producible the heaviest existing locomotive loadings. allow 
for probable future increase weight traffic, the writer would recommend 
that Loading M-50 specified present-day specifications with provision 
for excess loading 50%; or, what amounts the same thing, Loading 
M-60 may specified with provision for excess loading per cent. 

For spans 100 ft. the proposed Loading M-50 about equivalent 
Cooper’s E-60. This shown Table which gives the equivalent Cooper 
ratings the proposed Loading M-50 for from 1000 


M-60 = 30 60 60 60 60 60 
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(M-50). 


E-rating for center moments. E-rating for end 


E-60 
E-59 


will observed, from Table that the Cooper equivalent M-50 
diminishes from E-64 short spans E-50 very long spans. 

reverse rating conversion table presented Table which gives the 
M-ratings Cooper’s E-60 loading for various spans. 


M-rating for center moments. M-rating for end shears. 


According Table the equivalent Cooper’s E-60 ranges between 
M-47 short spans and M-60 long spans; but fairly well represented 
M-50 for all spans below 100 ft. 
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Spans. 
E-60 
E-59 
E-62 E-62 
E-64 E-61 
E-62 
E-63 
E-61 E-62 
E-61 E-60 
E-62 
100 E-62 E-57 
120 E-60 E-57 
140 E-58 E-56 
160 E-56 E-56 
180 E-55 E-55 
200 E-54 E-55 
300 E-52 E-54 
400 E-51 E-53 
500 E-51 E-52 
600 E-50 E-52 
700 E-50 
800 E-50 
900 E-50 E-52 
Spans. 
M-50 M-50 
M-49 
M-48 
M-49 M-50 
M-48 M-52 
100 M-48 M-52 
120 M-50 M-53 
140 M-52 M-54 
160 M-53 M-54 
180 M-54 M-54 
200 M-55 M-55 
250 M-57 M-56 
300 M-58 M-56 
400 M-59 M-57 
500 M-59 M-57 
600 M-60 M-57 
700 M-60 M-58 
800 M-60 M-58 
900 M-60 M-58 
M-60 M-59 
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Z,; = Shorter Segment of Influence Triangle. 
Equivalent Uniform Load taken from 
This table can used for figuring the maximum stress 
$980 melita ae eae a hid | 7900 | 7770 | 7650 | in any member or section of any span, It gives stresses 
| 9600 9320 | 9090 | 8380 | 8700 | 8540 | 8400 | 8300 | 8200 | si10 | 8030 | 7870 approximately equal to the maximum stresses producible 
Moment at any section of : 
For Maximum End Reaction or End FOR 
9690 For Maximum Shear any section span, Based Proposed Simplified Loading M-60 
the span, 


20 118 G00 | 14 400 |12 300 For Maximum Floorbeam Reaction or stress in Hanger, 
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SIMPLIFIED LOADING 


alternative for the proposed engine diagram represent the com- 
the heaviest existing locomotives, the writer has devised equivalent 
simplified loading which has certain advantages and may preferred 
some engineers. 


Proposed Simplified Loading M-60 


ao 


unds per linear foot per track 


of Heaviest Existing, Locomotive Loadings 


Feet 
COMPARISON PROPOSED SIMPLIFIED LOADING 
WITH EXISTING LOADINGS 
9k. 9k, 90 


6000 Ib.per lin.ft. 000 Ib.per Jin. ft. 
Any length 12" Any length 


Proposed Loading M-60 


This proposed simplified loading (Figs. and 10) consists con- 
tinuous uniform load 6000 per lin. ft., which superimposed 
floating group excess concentrations. These concentrations, determined 
after number trials, consist three loads spaced ft. and 
ft. apart, respectively. 

The use simplified loading this form greatly facilitates the computa- 
tion maximum stresses. Any stress calculated simply considering the 
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uniform load and then adding the independent contribution the group 
concentrations. The latter contribution quickly found; there are only 


three concentrations and they are easily placed and easily calculated. For 


stringer and floor-beam spans, only the first two concentrations enter. 

expedite still further the calculation maximum stresses for this 
proposed simplified loading, and permit direct comparison with the com- 
posite the heaviest existing locomotives, table equivalent uniform loads 
presented Fig. The computation this table consumed only small 
fraction the time required for the similar table equivalent uniform loads 
(Fig. for the proposed engine loading, indicating the greater convenience 
and despatch stress computations with the simplified loading. 


PROPOSED SIMPLIFIED LOADING 
UNIFORM LOAD WITH EXCESS CONCENTRATIONS 
FOR DESIGN RAILWAY BRIDGES 


-—Any length—- 


M-70 105 7000 
M-80 120 8000 
M-90 135 9000 


Loading M-60 will give stresses for all spans 
very close the maximum stresses producible 
the heaviest existing locomotive 
approximately equivalent Cooper’s E-75 for 
short spans and toCooper’s E-60 for long spans 

10. 


Comparison the values this table (Fig. with the equivalent uniform 
loads for the composite the heaviest locomotives (Plate XII) shows suffi- 
cient agreement for all practical purposes. With the exception some end 
shear values, where there maximum deficiency 2.7%, the variations 
are the side safety. other words, the proposed simplified loading will 
yield stresses equal somewhat greater than the heaviest existing locomo- 
tive loadings. Closer agreement could have been secured varying the con- 
centrated loads, but was deemed preferable keep the three concentra- 
tions equal for the sake simplicity. 

Moment and shear graphs comparing the simplified loading with existing 
loadings are presented Fig. The shear graph closely follows the curve 
for the Composite Standard, except for variation few per cent. (on the 
safe side) very short spans. The moment graph also follows the Composite 
Standard curve span about 200 ft., where begins deviate (on 
the safe side) with maximum excess about 10% 500-ft. span. 


Loads per Track 
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may noted that the moment and shear graphs for the simplified load- 
ing are smoother than the corresponding curves for either the Composite 
Standard the proposed engine loading. 

provide for different loading classes, similar the different classes 
the Cooper system, the proposed simplified loading can also expressed 
multiples smaller unit loading, indicated Fig. 10. 

The simplified loading described, approximately equivalent the heaviest 
modern locomotives, called M-60. Accordingly, Loading M-10 consists 
uniform load 1000 per lin. ft. with three excess concentrations 
each. M-40, M-50, M-60, M-70, are simply the corresponding 
multiples Loading M-10. 

For present-day specifications, previously suggested, the writer would 
recommend Loading M-50 with provision for increase 50% or, what 
equivalent, Loading M-60 with provision for increase per cent. 


third alternative solution the problem representing the composite 
the heaviest locomotives more condensed form, the writer offers load- 
ing formula which gives directly the equivalent uniform load any section 
any span. 

the opinion other engineers besides the writer, this ideal solu- 
tion the problem, formula possesses many advantages over engine 
diagram: 

yields results singular smoothness and regularity, unattainable 
with any diagram wheel concentrations. The minor irregularities stress 
variation due unavoidable peculiarities any concrete engine diagram are 
eliminated. 

2.—It time saver, yields maximum stresses directly without the 
labor shifting wheel-load diagram and the contributions 
individual concentrations. 

3.—It facilitates the construction tables, stress diagrams, and charts, 
and yields diagrams greater simplicity, smoothness, and accuracy. 

more easily remembered than wheel-load diagram, and saves 
repeated reference the specifications. 

5.—It makes the designer independent reference books, the ordinary 
slide-rule takes the place all tables, diagrams, and charts. 

6.—It more flexible than wheel-load diagram, being more easily modi- 
fied adjust any desired change variation equivalent loads with 
length span. 

more scientific than arbitrary loading diagram. 


The formula devised the writer represent the maximum equivalent 
uniform loads the heaviest existing engines, tabulated Plate XII and 
plotted Plate XIII, presented Figs. 11, 12, 13, and 14, and Plates 
and XIX, inclusive. follows: 


(4) 
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which, 
the shorter segment the influence triangle for any stress; 
the longer segment the influence triangle; and 
the corresponding equivalent uniform load for maximum stress. 


obtain Equation (4), the writer platted the composite values for 
varying spans cross-section paper. soon found that the 
graphs representing 5000 were closely approximated straight lines 
having slope corresponding the convenient exponent, The graph for end 
shears yielded Equation (5), follows: 


000 
span 
and the graph for center moments yielded Equation (6): 
(6) 
span 


The resemblance between Equations (5) and (6) once suggested that 
they could considered two special cases one general formula, namely, 


span 
which the position ratio the span the section considered. For end 
shears, the section the end the span, consequently, yielding 
Equation (5). For center moments, the section mid-span, consequently, 


yielding Equation (6). For maximum bending moment chord 
stresses the quarter-point span, and Equation (7) would yield: 
000 
span 


For maximum shear the quarter-points span, the equivalent uniform 
load the same for end shear span only three-quarters long, 
consequently, 


These examples show how simple the actual application the formula 
becomes. 

order facilitate the application Equation (7) finding maximum 
stresses all kinds, expressed more general form introducing the 
symbols, and for the two segments the loaded length span. then 


which the proposed loading formula. 

Empirical formulas for equivalent uniform loads have been proposed 
recent years, but they were deficient one respect, namely, they expressed the 
equivalent uniform load function merely the span without regard 
the position the member section the span. 


000 
span 
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The proposed formula, notwithstanding its simplicity, makes full provision 
for the necessary variation equivalent uniform load for different sections 
members the same span. For instance, the case 100-ft. span, the 
proposed loading formula yields values varying from for bending 
moments flange stresses mid-span, 11000 for flange stresses near the 
ends the span; and from 000 for end shears 480 for shears near mid- 
span; total range variation per cent. This variation corresponds 
the actual stress-producing effects locomotive loadings, and the reproduc- 
tion this appropriate variation equivalent uniform loads within given 
span important advantage the proposed loading formula. 

The possibility fairly close representation the equivalent uniform 
loads for all sections all spans single formula point superiority 
the proposed Composite Standard over the Cooper engine loading. 

The equivalent uniform loads yielded directly the proposed loading 
formula for various sections various spans are tabulated Fig. 11. This 
tabulation can incorporated printed specifications expedite the calcula- 
tion stresses based the formula. 

The tabulated values Fig. agree fairly well with those the cor- 
responding tables (Fig. and Fig. for the other proposed loadings. Except 
for only values out 405 the table (Fig. 11), the values are the 
safe side comparison with the composite the heaviest locomotives 
(Plate XII). Closer agreement could have been secured adopting formula 
with odd decimal exponent; but appeared preferable keep the simpler 
expression, although varied somewhat (on the side safety) from the 
exact values desired. 

Platting the values tabulated Fig. 11, one obtains for the proposed 
loading formula, chart equivalent uniform loads (Plate XVIII). This 
chart, although yielding nearly the same values throughout the similar 
preceding charts (Plates XIII and XVII), possesses marked advantage 
the perfect smoothness and regularity its Since irregu- 
larities chart may regarded weak spots the stress-producing 
effects the corresponding specification, the ideal regularity the 
curves Plate XVIII constitutes strong argument favor the proposed 
loading formula. 

General instructions for the use the chart are given Plate XVIII. 
More complete directions for finding maximum stresses all kinds are given 
the similar chart for the Cooper loading, previously published the 
writer, Plate XI. 

much simpler chart for the proposed loading formula isogonic dia- 
gram presented Plate XIX. The equation between and such 
form permit perfect nomographic solution conventional form. 
straight-line chart this form, yielding exact values for the equivalent 
uniform loads, cannot constructed for any loading specification consisting 
diagram axle concentrations. The isogonic diagram, Plate XIX, 
submitted merely suggestion. varying the arrangement and scales 
the three straight-line axes, other engineers can easily construct variations 
this chart that may better suit their individual preference. 
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Shorter Segment, 


Shears and 
350 Reactions 
(1 0) 


CHART 
mau % OF 
EQUIVALENT UNIFORM LOADS 
Based Proposed Loading Formula M-60 5000 000 


This Chart can used for figuring the maximum stress 
any member section any span, gives stresses 


equal (or slightly greater than) the maximum stresses 
producible the heaviest existing locomotive loadings, 


For Maximum Bending 


Moment any section 
any span, and 


two segments the span, Any Triangular 
For Maximum End Reaction End Shorter Segment Influence Triangle, 
Shear, and span, Longer Segment Influence Triangle, 
pounds per linear foot 


For Maximum Floorbeam Reaction stress Hanger, 
and the adjoining lengths. 


% 
2 700 1268 
9045 
9240 
9475 
9740 
10 070 
10 480 
11 000 
11 325 
11 710 
12 170 
12 740 
13 480 
14 490 
960 
18 420 
23 970 
WAG 
% 
10 
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Equivalent Uniform Loads for Shears and Reactions 


Any value, 
This Chart can used for figuring the 
maximum stress any member section 


any span. gives stresses equal (or slightly Shorter Segment Triangle, 
greater than) the maximum stresses producible Longer Segment Influence Triangle, 
the heaviest existing locomotive loadings, Equivalent Uniform Load tuken from 
Chart for the values and 
Values given in pounds per foot per track, 


500 
450 
400 
300 


APPROXIMATE 
ISOGONIC CHART 
EQUIVALENT UNIFORM LOADS 
FOR 
DESIGNING RAILWAY BRIDGES 
Based Proposed Loading M-60 


Longer Segment, 
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the construction the diagram, the values span and longer 
segment are platted ordinary logarithmic scales. The q-axis 
similar logarithmic except that the constant, 5000, has been added 
each numbering. 

One drawback this chart (Plate XIX) the relatively small 
scale the which limits the precision attainable. The chart curves, 
Plate XVIII, gives greater precision with equal, not greater, expedition. 

overcome objections arising from the crowding the graduations near 
one end the the exact diagram (Plate XIX), there 
presented Fig. chart more convenient form con- 
structed for the same loading. This empirical and, therefore, slightly 
approximate, isogonic diagram the type devised the writer and pre- 
viously described connection with Fig. 

The smoothness and simplicity this approximate chart 
(Fig. 12) for the proposed loading formula are unattainable with any 
other loading specification considered this paper. The accuracy attainable 
sufficient for most practical purposes, the greatest errors being less than 
per cent. This chart can easily reproduced and incorporated any 
printed specifications based the proposed loading formula. For the Cooper 
loading, chart this form practically out the question. 

Moment and shear graphs are presented Fig. for the purpose 
comparing the proposed loading formula with existing loadings. These graphs 
show that the proposed loading formula much closer and safer representa- 
tion the composite the heaviest locomotives than the present Cooper 
loading. 

For end shears, the graph for the proposed loading formula follows fairly 
close the Composite Standard, with all variations the side safety. 

For mid-span moments, the graph for the proposed loading formula 
again fairly close approximation the Composite Standard, with de- 
ficiency only few per cent. short spans and small variation the 
safe side long spans. 

For stresses intermediate sections span, the variations from the 
Composite Standard will intermediate between the corresponding varia- 
tions for end shears and center moments. 

The moment and shear graphs for the proposed loading formula shown 
Fig. are obviously smoother curves than are attainable with any loading 
specification consisting diagram wheel concentrations. 

Fig. shows how system loading classes similar the Cooper sys- 
tem can constructed from the proposed loading formula. Designating the 
intensity loading corresponding the formula derived from the Com- 
posite Standard M-60, the unit base, M-10 loading, becomes: 


Multiplying this loading the constants the successive classes, 
M-40, M-50, M-60, ete., are obtained. 


~ 
+ 
= 
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Loading M-60 will give stresses for all spans equal slightly greater 
than the maximum stresses producible the heaviest existing locomotives. 
provide for future increase 25%, suggested that specifications 
recommend Loading M-50 with provision the design for 50% overload, 
Loading M-60 with provision for 25% overload. 


Composite of Heaviest Existing Locomotive Loadings Hil 
Proposed Formula M-60 
EQUIVALENT UNIFORM LOADS 
FOR END SHEARS 
For End Shears, Proposed 


EQUIVALENT UNIFORM LOADS 
MOMENTS MID-SPAN 
Moments! Proposed 


Equivalent Uniform Loads pounds per linear foot per track 


Feet 


COMPARISON PROPOSED LOADING FORMULA 
WITH EXISTING LOADINGS 
Proposed Loading Formula M-60 


1, = Shorter Segment of Influence Triangle, 
Longer Segment of Influence. Triangle, 
q = Equivalent Uniform Load 


Fic. 13. 


After showing the inadequacy the Cooper system represent modern 
loading conditions properly, the writer has constructed Composite Standard 
covering the stress-producing effects the heaviest existing locomotives and 
has then devised three alternative forms specification conforming this 
Composite Standard. 


5 000 NX Rew Loading Formula to 
Composite Heaviest Existing Locomotive Loadings 
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The advantages over the Cooper system any loading specification based 
the Composite Standard are: 

proposed specification makes possible design bridges strong 
enough all their parts, without waste, for the heaviest existing locomotive 
loadings, without requiring separate computations for each loading. 

2.—The proposed specification gives bridges uniform strength all 


PROPOSED LOADING FORMULA 
FOR EQUIVALENT UNIFORM LOADS 


Shorter segment Influence Triangle 

Longer segment Influence Triangle 

Equivalent Uniform Load for the 


M-40 3333 40000 
M-50 4166 50000 


Loading M-60 will give stresses for all spans 
very close the maximum stresses producible 
the heaviest existing locomotive loadings. Itis 
approximately equivalent Cooper’s E-75 for 
short spans and toCooper’s E-60 for long spans 


14. 


their parts for present and prospective future loadings, without requiring 
different load ratings for different members span. 

3.—The proposed specification gives designs uniform strength for 
bridges all spans under present and prospective future loadings, without 
requiring different load ratings for different lengths span. 

4.—The proposed specification, being based the heaviest modern locomo- 
tives and train loads, better represents the future development expected 
loadings than specification based the engines and train loads thirty 
years ago. 


addition, the proposed specification, the three forms presented 
the writer, offers advantages over the Cooper loading simplicity, regularity, 
ease computation, and greater facility diagrammatic representation. 


FOR DESIGN RAILWAY BRIDGES 
+ 
Viz 
le 
+ l, 
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the three alternative forms developed this paper for the proposed 
new specification, each has distinctive features recommend it: 


proposed loading diagram represents the smallest departure from 
present methods, involving merely the substitution new and simpler 
wheel-load diagram for the one now use. will best meet the require- 
ments engineers who prefer concrete picture locomotive load- 
ing specification. Furthermore, affords the closest agreement throughout 
the entire range spans with the composite the heaviest existing loco- 
motives. 

2.—The proposed simplified loading greatly reduces the time and labor 
stresses. greatly simplified loading which car handled 
expeditiously without tables charts. 

proposed loading formula ideal, form loading 
specification. the most convenient application; yields tables, dia- 
grams, and charts unequalled simplicity and regularity; or, tables and 
charts are not hand, any maximum stress can found simple opera- 
tion the ordinary slide-rule. “short-cut” specification, virtually 
prescribing stresses rather than loads. 


this paper only serves direct attention the inadequacy existing 
specifications, and indicate the general lines attack deter- 
mining new specification adopted, the writer will feel repaid for the 


labor expended. 


4 
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TRANSMISSION 
THROUGH SOLIDS AND SOILS AND THE 
RELATED ENGINEERING PHENOMENA 


Modern research, both analytical and experimental, has demonstrated that 
soil stress phenomena may made amenable ordinary elastic analysis. 
Using some theorems elasticity, possible sketch—qualitatively for 
the present—stress paths and deformations. 

The paper shows that, restricted sense, the present-day “rule-of-thumb” 
methods assumed stress paths hold true. Danger zones exist, which 
these empiric methods not indicate, and these zones may affect the safety 
structures sustained these soils. 

The paper covers two types materials, namely, the true granular, such 
the ordinary soils, and the concrete aggregates, such the rock soils and 
materials. The formulas yield equations showing the distribution 
pressure under foundation piers. Although Boussinesq has given some 
formulas for such distribution, felt that the method given this paper 
simpler follow and adapt soil mechanics. 

shown that all coherent granular materials, including concrete and 
rock, have like failure surfaces, indicating general laws failure, fact that 
has been verified experimentally. 

the results the paper are co-ordinated with the results some present 
intensive researches soil mechanics, quantitative formulas will eventually 
develop, that will place the so-called soil type the engineering 
structural materials yielding mathematical analysis. 


The transmission pressure through solids and soils engineering 
phenomenon great importance. Until recently, however, its analysis has 


discussion this paper will welcomed July 15th, 1922. The 
discussion will not printed Proceedings, but will appear with the paper Transactions. 


Section Engr., Transit Comm., New York City. 
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received scant attention. The study the transmission lateral earth 
pressure offshoot from the general problem. has received more at- 
tention than the general problem, but, the writer has pointed out,* its 
solution, far rigor and exactness formulation are concerned, com- 
paratively unimportant, and existing data and formulas suffice for proper 
design structures built sustain lateral soil thrusts. For this reason, the 
phenomena attendant lateral pressures, far the ordinary granular 
theories apply, not part the subject this paper and restriction 
made, generally speaking, the transmission vertically applied loadings. 

The transmission pressure through solids, although superficially easy 
problem analyze, one that involves great mathematical difficulties. For 
this reason, specific problems are generally not analyzed, few “rule-of- 
thumb” methods sufficing indicate the distribution stress through the 
material question. 

The problem the distribution stress under single concentrated load 
applied plane boundary otherwise infinitely dimensioned solid has 
received complete study The method investigation follows 
the scheme solution given his book the applications the potential. 
Love has given résumé the methods his treatise the mathematical 
theory elasticity. has given general expressions for the exten- 
sion the results various types surface loadings. The expressions are 
not simple use interpret, and the devices used this paper seem 
lend themselves better practical study. Professor Horace has given 
expressions for stress distribution under like types loadings, but the results 
involve the use the Bessel Functions and, therefore, require extensive tables 
for application. 

fairly rigorous solution the problem should indicate the correct paths 
the stress and strain systems, perhaps only qualitatively, and thus aid 
securing better understanding what takes place foundations and 
possibly secure working clue the phenomena attendant earth pressure 
and its distribution. 

The inclusion the study earth pressure phenomena with general elastic 
solid phenomena made justifiable, through the results recent research. 
The element coherence appears lend quasi-elastic properties soil. Al- 
though may seem far-fetched apply elastic theory material possessing 


finite voids with consequent large discontinuities, yet experimental data seem 


indicate that the coherent soil does acquire sufficient elastic properties 
make act, some ways, like elastic solid. Thust: 


Practically all soils possess elastic properties, the amount de- 
pending the character and quantity the cementing material giving 
cohesion and the water content. unequal loads per unit area are placed 
such soil, unequal will take place. The soil, however, will 
recover the removal the loads unless the latter are great enough over- 


Practical Factors Earth Pressure Engineering-News Record, 
Vol. 86, 682. 

Proceedings, London Mathematical Soc., Vol. 34, 276. 

Progress Report the Special Committee Codify Present Practice the Bearing 
Soils for Foundations, etc., Proceedings, Am. Soc. E., Vol. XLVI (August, 1920), 
909. 
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come its properties, breaking down its Such action 
most apparent some depth beneath the surface, the displacement 
retarded the restraining action the surrounding soil. This unequal 
settlement, though slight, may sufficient with certain soils and structures 
cause trouble. 


“As evidence such action the rebound, rising, after releasing the 
jacks, piles forced into the soil direct pressure, may mentioned. The 
action also apparent releasing jacks and wedges when cribwork used 
temporarily supporting heavy loads, the underpinning buildings, 
ete.” 

the conclusion discussion earth-pressure theories* was noted: 


“These facts indicate the existence relations between stress and strain 
sands similar those which are known exist for solid bodies.” 


The writer has previously pointed that the distribution pressure 
experimentally determined Professor seems follow almost 
the identical law transmission stress, determined from the mathe- 
matical theory elasticity. Whether the soils actually possess elastic prop- 
erties making them amenable the mathematical theory elasticity, not 
matter importance long conceded that they behave manner 
similar elastic bodies far the transmission pressure affected.§ 

The general theory the transmission stress through solid does not 
lead simple solutions usable value. However, place dealing with 
solid three dimensions, plane section taken typifying the stress 
and strain condition, possible obtain usable solutions. must 
emphasized that, present, rigorous results exact formulas are out the 
question. All that sought suggested trace the transmission pres- 
sure. Fortunately, this specific problem, that the transmission pressure 
through solid, substantially solved for the engineer’s purpose when quali- 
tative results are indicated. 

This paper confined the discussion two cases: 

Case transmission pressure through solid through co- 
herent soil, under applied vertical loading. 

Case transmission pressure through solid subjected stresses 
produced its own weight. 


Utilizing the elastic analogy pointed out, application will made under 
Case the transmission pressure through soil foundations and under 
Case the general distribution pressure through earth masses, rock, 
and other soils. 


The analysis the infinitesimal displacements and stresses which 
element body subjected when given force system applied 


“Old Earth Pressure Theories and New Test Dr. Charles Terzaghi, Engi- 
neering News-Record, Vol. 85, 632. 


“Retaining Walls: Their Design and Construction”, 31. 
Engineering Record, Vol. 73, 106. 


The application bodies not possessing isotropic properties indicated the follow- 
ing remarks Michell (Proceedings, London Mathematical Soc., Vol. 32, 256): “It 
appears, therefore, that the law depression the same for isotropic solid; conse- 
quently, the applications the law, which were made Boussinesq and Hertz, problems 
concerning isotropic bodies contact, may once extended solids here con- 


sidered, with the limitation that the normal the plane contact must axis 
elastic symmetry.” 
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the surface the body, leads the establishment several differential 
equations containing the displacements the stresses unknowns. For the 
purposes this paper not necessary burden the reader with the develop- 
ment these equations, which, those interested, may found any 
standard treatise elasticity.* The general theory their solution involves 
considerable analysis, but with restrictions, noted subsequently, solution 
may found following theorem Michell. When the stress analysis 
confined the discussion the stress system plane section the body, 
possible reduce the general equations elasticity simple form, 
involving one unknown, termed stress function. The displacements are the 
differential coefficients the stress function, and the stresses may ex- 
pressed terms the displacements. The problem find the form 
the stress function, which satisfies the differential equation and leads proper 
values the boundary. has found the form the stress function 
for the case uniformly distributed loading along part the top 
the plane (the type loading covered under Case I). 

The general equation elasticity for solid, when subject only 
loadings applied externally, the form: 


where known the stress function. The stresses are found from the 


solution this equation and lead finally (expressed polar co-ordinates) 
the form: 


form the stress function may found 
inspection. Referring Fig. the point 
referenced each the terminals the loading, 
the stress function assumed the form, 
the stresses may assumed being made 
two parts: The derivatives with respect the 
origin giving one set partial stress values, 
and the derivatives with respect the co-ordi- 
nates the other terminal giving another partial set; the sum the two 
sets giving the total stress value the point, Thus, with respect the 
origin 


and with respect the origin 


Appendix Elasticity and Resistance Materials”, Burr. 


Proceedings, London Mathematical Soc., Vols. 31, 32, and 34. For the theorem estab- 
lished the following pages see especially Vol. 34. 
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find the principal stresses the given point, proceed follows: 
Assume that the present axes are turned through the angle, the standard 
theorems for the transformation stress axes* the stresses, and 
(these stresses are normal the new axes), are related the stresses referred 
the original axes, follows: 

where and represent the direction cosines (the cosine the angle that 
line makes with given axis termed direction cosine that line) the 


new axes with respect the old. The direction have the following 
values: 


cos 
Introducing these values the trasformation equations, previously men- 


tioned, and combining the equations addition and subtraction, the following 
relations are found: 


These equations may reduced much simpler form the equation, 
borne mind. has the usual significance the square root and 


the exponential base. With this relation, the transformation equations may 
expressed as, 

These are the general equations stress transformation. Now, give the 
axis transformation definite turn that the axes stress are the bisectors 
the angle, shown Fig. stress components are again separated 
into two parts, referring, turn, either origin, 

For Origin the axes may considered have been turned the amount, 


and for Origin the axes may considered have been turned the 


amount, Denote the total stresses referred the new axes and 


respectively. These stresses are then compounded the two transformed 


stress systems, previously found, substituting, respectively, 


for the angle, Two equations are then found follows 


— 
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or, since, 


the expression becomes equal sin and, finally, zero, showing that 
only normal stresses exist the axes and that these are, therefore, the prin- 
cipal stresses the point, The principal stresses have the values: 


noted that when the points are the plane boundary, the principal 


stress reduces normal pressure and account must taken this 
relation reducing the forms take care any value the surface loading. 


Re 
/ 
\ | 
a Principal Tension } Circle of Constant 
Principal 


the general analysis, the selection the signs does not affect the validity 
the result, and apparent that the principal intensities 
must opposite sign, the character the principal stress has been 
chosen with the signs noted subsequently. reduce the equations 
form satisfying uniform loading per unit length between the points, 
and simple substitution gives the following forms for the principal 


sin 


From these simple relations, number important corollaries are found. 
Referring Fig. circle passing through the point, and the termini 
the load line, and the locus constant values the angle, that 


‘ 
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is, every point this line has the same value the angle, Therefore, this 
circle the locus equal values the principal stresses, and From the 
properties the circle, seen that the principal stresses are directed toward 
the upper and the lower extremities the vertical diameter. 

which have the same foci are termed confocal conics. From the 
properties already noted, seen (the proof not difficult) that, any 
point body, the principal stresses are found direction the inter- 
section two confocal conics passing through the point, the foci being the 
termini the loads, and The principal compressive stresses are along 
ellipses and the principal tension stresses along hyperbolas. Confocal conics 
always intersect orthogonally, that is, right angles each other. 
material weak tension, the curves possible failure are the hyperbolas, and 
the tension stresses are normal these curves. That the surfaces failure 
are this character deep rock cuts has been noted Moulton,* 
Am. Soe. E., and also illustrations the paper Professor Enger, 
previously mentioned, which the stress paths are seen follow along 
hyperbolic shape. (See, especially, the movement under 8-in. block.) 

From the intersection the circles uniform stress with the confocal 
the rate change the principal stresses along each conic may 
noted. (See Fig. 3.) 


Fic. 


probably most importance note the distribution pressure along 
the horizontal planes. given, the equations are not form for ready use, 
and necessary resolve them into the vertical and horizontal components. 
(See Fig. 4.) 

Let the angle that the principal compression stress, makes with the 
horizontal. Then, the vertical component found from the equation: 

For simplicity expression, and only comparative studies are required, 
will assumed that the intensity loading along the surface unity, 
and that the loaded length extends unit distance either side the y-axis. 


and Rock Transactions, Am. Inst. Mining and Metallurgical 
Engrs., Vol. (1920), 327. 
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Using the values and previously found, with the value the load 
unity, the last expression takes the form: 


From Fig. remembering that one, 


tan 


Substituting this value the latter expression, there found: 


2 


<< 
Fic. 
obtain the relation between the angle, and the co-ordinates, and 
let the radius the circle. Then, 
and, since one, 
and found from the equation, 
Fig. illustrates the distribution pressure the various horizontal 
planes when the surface loaded with unit intensity per unit Jength, one 
unit length being loaded with side the y-axis. The intensities pressure 


cota 


| | 
| 
/ | 
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are decimals unit and apply any actual condition loading, the 
skeleton intensity diagram multiplied the actual surface intensity 
loading. 

Before analyzing these results, review 
existing methods may presented. Ordinary 
practice assumes uniform distribution pres- 
sure along any horizontal plane below the loaded 
surface, increasing spread the distance be- 
low the surface increases and confined, roughly, 
within planes making angle 45° with the 
vertical; that is, pressure assumed dis- 
tribute itself along 1:1 slope. has 
given the following expression for the vertical 


o 
- 


Values 


live load intensity any depth, below the Values 

surface (due locomotive wheel loads) 
000 


where the inclination the spread planes, fractions foot per foot 
depth. Recently, experimental data have illustrated better fashion the 
distribution stress through foundation. The progress reports the 
Special Committees the Bearing Value Soils for Foundations and 
Stresses Railroad Track, the Society, have shown graphically the actual 
loading conditions, determined the Goldbeck strain gauge. clear 
that data general such stress distribution are meager and that engineering 
design has followed traditionary measures for such computations were 
deemed necessary, rather than attempt methods rational analysis. 

Referring Fig. may noted that the stress distribution across any 
horizontal plane not uniform, but has maximum the center and dimin- 
ishes intensity the distance from the central axis increases. This has 
been demonstrated the other theorems elasticity; the “simple solution” 
method Boussinesq, which reference has already been made, leads 
similar distribution stress. The strain-gauge readings the experiments 
the Special Committees the Society previously referred to, show the 
same characteristic loading. 

Averaging the intensities load the several planes, seen that 
1:1 slope gives reasonable distribution pressure, the effects unequal 
loading are ignored. this extent, the “rule-of-thumb” method previously 
quoted correct. noted, however, that the limiting zone pressure 
influence contained within 1:2 slope. The formulas, given, involve 
elastic constants and with the reservation previously made, the results may 
extended coherent soils. With the limiting zone surface-pressure 
influence mind, seen that the usual criterion 1:1 slope not 
always safe follow determining loads sub-surface structures, 
the question underpinning and shoring structures adjacent con- 
tained within such zones. The theorems just established and the figures based 


Journal, Western Soc. Engrs., Vol. 20. 
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them are predicated plane extending indefinitely both directions. 
the horizontal distances are finite, they usually are engineering struc- 
tures, the curves will probably modified. recognized, however, that 
such modification will not materially affect the qualitative results already 
given and, within reasonable distances away from the applied loading, the 
zones influence are shown with fair degree accuracy. 

study the expression for the principal tension, shows that for 
distances close the origin and the surface loading, equal 180° 
and sin zero, the tensile stresses are maximum and tendency 
split along the hyperbolas should found. The material adjacent the 
applied loading and outside the zone influence has inhibiting effect 
the tension, but this restraining effect decreases the distance from the sur- 
face increases. Thus, although the maximum tension stress indicated close 
the surface, the uncompensated stresses farther away, along the 
may produce dangerous stresses. 


Quoting from the Progress Report* the Special Committee the Bear- 
ing Value Soils for Foundations, 


the case elastic solid the outer region pressure and 
tension contributes the distribution stress, while the case soils, which 
cannot support tension any marked degree, the surface between these regions 
presents surface discontinuity strain resulting greater concentra- 
tion stress within the compression cone. This cone, course, will have 


different angles for different types materials, but probable that will 
not differ widely ordinary soils.” 


“cone” compression, noted the report the Special Com- 
mittee, may compared the zone the transmission average pressure, 
with which roughly 

Further reference may made the Progress Report the Special Com- 
mittee Stresses Railroad which study had the trans- 
mission pressure through granular materials. There general qualitative 
agreement the manner the distribution the pressure along horizontal 
planes, and probable that, equation for the location equal vertical 
loads was derived, found that the coherent and the elastic solids 
have the same type “bulb” curves the granular solids. 

The agreement stress distribution between material varied char- 
acter that covered the various reports mentioned, well the elastic 
solids discussed this paper, seem indicate that stress distribution under 
surface loading follows simple general law distribution, regardless the 
character the material. 

long emphasis placed the qualitative worth only the results 
the theorem Michell, the previously mentioned conclusions may prove 
service. seems hardly necessary point out that the actual stress values 
cannot possess great validity, the further the material under discussion de- 


Proceedings, Am. Soc. E., August, 1920, 933. 


the text Love, previously mentioned, the surface discontinuity between dis- 
placements from and the central axis also cone, the angle divergence which, 
for isotropic solid, roughly 68°, that is, the sides the triangle make angle about 
32° with the vertical. 


Transactions, Am. Soc. Vol. LXXXIII (1919-20), 1409. 
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parts from the isotropic properties the solids which the theory 
elasticity has been predicated. Qualitatively, the 1:1 slope has been shown 
reasonable assumption for the distribution stress through mass, 
although the maximum intensity pressure greater than the average, and 
soil conditions may such that this latter condition will control the proper 
layout the footing. The fact that the ground may heave adjoining heavy 
concentration fairly soft bottoms, may tend dissipate some the in- 
equality the loading, but the distribution, indicated Fig. worthy 
careful study. 


Case 


any character subjected the forces produced its own weight. The 

horizontal displacement 
rock and the action coherent earths. 
Again, the quasi-elastic properties such soils 
may utilized developing the equations for 
the distortions which the mass suffers under the 
body forces. 

The analysis this material comparatively 
simple, following the analysis similar problem 
Love,* who has analyzed the case hanging 
body suspended infinite solid. The present 
problem merely the converse this case. 

The only force acting any element the weight the material 
above it. the y-axis measured from the surface and the unit weight 
the material the vertical force the elementary prism wy. the 
extension proportional the force, the extension the vertical direction 


becomes which the modulus extension for the material. the 


ratio lateral vertical extension termed (the usual Poisson ratio), 
Kwy 
equations which the general stress equations are based, and the differential 
equations elasticity may solved satisfy these equations, noting, also, 
that there force system external the body. the vertical displace- 
ment and the horizontal displacement the solution the differential 
equations leads the following values: 


then the lateral extension These two relations are the foundation 


WZ 
t= 
E 


Before applying these expressions, may well consider what the 
basic assumptions are and what limitations must placed the interpreta- 


*“A Treatise Elastic Theory Edition, pp. 124-125. 
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tions the results. The differential equations are derived fundamentally 
from the linear stress-strain law, that is, Hooke’s law. The material must 
isotropic, that is, must possess uniform elastic properties the direc- 
tions the principal axes, must have elastic properties symmetrical 
about the y-axis. homogeneous rock mass may fulfill these conditions 
some extent. coherent soil may act it, likewise, possesses such elastic 
properties. should clear, however, that any geologic formation can only 
treated sketchily elastic solid and the results based elastic research 
can most precursorily applied. Experimental observations seem place 
more optimism the application the elastic theory and, surely, for mere 
qualitative studies the elastic theory will provide good working clues noth- 
ing else. Thus, mere sketch study the stress systems will indicate weak 
planes resistance and also any incipient motion the mass, and 
this sense, and probably this sense only, that the analysis can made 
serve practical purposes. With this point mind, the mathematical work 
may continued. 

The previously derived expressions for and determine the movement 
the particles the body under stress and, for the ordinary elastic solids, 
actual stresses may derived from these displacement equations. These 
stress equations will not derived for the material hand. Plot two 
families curves: (1) The curves formed placing equal series 
constants; and (2) those formed placing equal series constants. 
system ellipses will then indicate the points the same downward motion 

and system equlilateral hyperbolas will indi- 
cate points the same lateral movement. (See 
Fig. 6.) seen that the maximum lateral 
movement occurs the bottom cut, giving 
theoretical verification the fact, noted 
practice, that coherent earths, such clays and 
soft rocks, tend push out the bottom. The 
ratio gives the direction each point 
‘of the impending motion, and Fig. illustrates 
such lines actual particle paths. This, again, 
seems confirm observations made the action 
materials deep cuts* and indicates possible mode failure retained 
banks braced banks, the sheeting gives way. formations 
appear follow law the type indicated, far the formation gorges, 
affected. 

Fig. and Fig. values corresponding concrete have been used 
plotting the curves. Thus, taken 150 per cu. ft.; 1500 000 
Ib. per sq. in.; and one-fifth. 

One hesitates draw any further conclusions from this mathematical work, 
except the qualitative ones just observed, although the partial concordance with 
experimental data may tempt one carry the analysis trifle farther. The 
motion the mass under stress takes the character shown Fig. and 


Fic. 


See the paper Moulton previously mentioned see, also, Panama Canal 
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coherent soils one would expect that, failure occurs, that is, slip starts, 
mass would break away, with bounding surface shown one the 
curves the diagram. Again, there experimental confirmation this 
indicated movement, readily observed that when coherent bank 
breaks, the break roughly hyperbolic form. The writer has analyzed 
this point another assumption,* arriving about the same conclusion, 
far the form the surface slip affected. extension lateral 
earth-pressure analysis include such breaking surfaces basis the 
granular theories may produce results that will bring the formulas 
better accord with experimental data. passing, may stated that the 
familiar theories Coulomb, Rankine, ete., are predicated plane surfaces 
rupture. 

One other method obtaining solution the transmission pressure 
through coherent soils and rocks remains discussed. has been sug- 
gested that the solution the problem the movements materials 
deep cuts may found study the laws plasticity and partial 
ity. This method has been used observing the slides the Panama 
and the method predicated plastic condition similar hydro- 
static condition which, under high stress, the materials tend flow. Dr. 
Becker has assumed that the weakest resistance failure rock material 
that tangential shear. Under high pressure, the unit tangential shear 
may taken the same the unit compression. Thus, are the surface 
failure analyzed, length, ds, and angular turn, and the depth 
that the unit compression wy, before, and the tangential 
shear that failure, the following infinitesimal relation holds true: 

will noted, those interested, that this the identical equation 
the elastica, the type curve that the slender column takes under axial 
load, and the solution leads the same form equations. 

the radius curvature found from the relation, ds, the 


previously mentioned equation may written, after placing 


the radius curvature expressed the usual form, function 
the differential coefficients, the following differential equation formed: 


Replace and there found, 


Engineering News-Record, Vol. 86, 682. 
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noting that the second derivative expressed terms the following 
relation, 


Separating the variables, the equation becomes, 
(1+ 


the substitution tan for leads simple integration, and the equation 
becomes, 
the constant taken equal zero* (making the curve normal 
the upper bounding surface), and the equation then solved for or, for its 


equivalent, there found, 


the ratio, indicates and, therefore, will generally less study 


the differential equation shows that becomes infinite when and 


the tangent the curve becomes parallel the For large values 
that is, for values. where failure impending, the curve normal the 
vertical, agreeing with the results shown previously. solve the differential 
equation, place, 


This reduces the equation the standard form the elliptic integrals 
the first and second kind, with the modulus, equal degrees. The 
solution the equation leads the following form: 

the integral the first kind and the elliptic integral the 
second 

For different initial values the curves incipient failure are shifted 
laterally along the that the constant merely determines the starting 
point the curve for Fig. shows family these curves. When 


study the curves shown Fig. will indicate that other values assigned the 
constant will merely change the initial direction the curve small amount. 


Tables their values may found Peirce’s, Short Table and 
Jahnkes’ and Emdes’ Handbook. 
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proper values have been found for the material these curves 


may obtain quantitative worth, but they are shown, they indicate the pos- 
sible failure surfaces and bring the after-elastic effect into harmony 
with the effects shown. 


Surface 


Fic. 


more than coincidence that study the transmission pressure 
several methods and method leads failure 
curves like form, and the writer feels confident that, conclusion, 
may pointed out that the lines transmitted pressure are substantially the 
same for all types material and that the diagrams this paper represent 
with qualitative, and, some extent, quantitative, accuracy, the stress paths 
masses subjected their own imposed weights. 


— 
ai 
4 
© 
falas 
vA 
~ 


| 
| 
| 
] 
| 
| 
| 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


FLOOD PROBLEMS* 


SYMPOSIUM 


AND 


Presented the meeting the Society Dayton, Ohio, April 5th, 1922. 


1092 FLOOD PROBLEMS [Papers. 


FLOOD CONDITIONS CANADA 


About three years ago, the speaker became associated with the Manitoba 
Drainage Commission and, possibly, account this association, the Gov- 
ernment Manitoba has asked his advice some real “flood problems”. The 
two important points which the Commission desires confirmation its 
conclusions are: 


the clearing timber from land and the cultivation the 
land inerease the 


the first question answered the affirmative, what respon- 
sibility, any, attaches the lands from which the extra water comes; 
other words, what lands can included Injuring Liability Clause 
the statutes 


The Manitoba Drainage Commission has reported the Provincial Gov- 
ernment this point, follows: 


final the matter boundaries the extension 
the boundaries any drainage district include all lands whose surplus 
waters drain into said district and are carried any artificial channel through 
natural outlet. This natural division lands, any other division 
leads disputes. 

“We not contemplate that all lands within the new boundaries should 
taxed. the case Drainage District Nos. and the lands west 
these districts the Riding Mountain are Government reservation and 
covered with timber, which latter fact, any case, would relieve them taxa- 
tion for drainage cost.” 


order explain conditions and circumstances relative part the 
valley the Red River, south Winnipeg, the speaker will quote further 
from the report the Drainage Commission, follows: 


“In Drainage District No. aside from the claim inequitable taxation, 
complaints have come from three classes: First, from those living the low 
lands which never had drained, although the land has been taxed the 
same amount all the other lands the district. Second, from those who 
had one time drains that became ineffective through lack maintenance, 
and these people pointed with scorn what they termed ‘Government drains’ 
which were full soil which had blown into the ditches had become 
foul with uncleared brush, and other growths, that they could not properly 
function. was surprising how few people realized that the municipalities 
and not the Government were the parties responsible for maintenance work. 
The complaint those who never had protection well founded, and they 
should given relief soon possible finance the necessary funds. 
The third class landowners complain are those suffering from flood waters, 
which waters spread over the low lands and destroy crops occurred the first 
part July this year, they occur the spring and leave the land 
wet that crops are not put in, else put late that they are apt 
suffer from rust frost. 

“Your Commission the opinion that the losses Drainage District 
No. for the past ten years from this flooding would least ten times 
great the cost works necessary from such floods. 


Cons. Engr., Winnipeg, Man., Canada. 
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“As the cause this trouble, part due lack maintenance 
ditches, which work according statutes should attended the officers 
the various municipalities, but the Government cannot lay all the blame 
the municipalities for the reason that they had the benefit the advice 
experts who realized the result not properly looking after the ditches, and 
they should have realized that the Act relative maintenance work was not 
practicable, nor would its enforcement result equitable distribution cost, 
and the Government should have changed same, failing this, should have 
made their business force the municipalities keep the works proper 
condition regardless results. However, the greatest factor causing damage 
from floods the changed conditions since the districts were first formed. 

“When Drainage District No. was first formed, comprising 441 017 acres, 
there was nearly much land west the district only partly cultivated and 
quite extensively covered with timber. 1887, seven townships, Ranges 
there were 4177 acres cultivated land; these same townships 
1890, the cultivated land was 994 acres; 1915 the cultivated land amounted 
82000 acres; and now practically all the land between the foothills and 
Drainage District No. cleared and under cultivation, about 
600 000 acres. Nearly much more land the higher ground this water- 
shed and the time Drainage District No. was formed, nearly all the latter 
area was covered with timber. Since that time approximately 75% these 
high lands have been cleared and put under cultivation, and the lands between 
the foothills and Drainage District No. have been artificially drained 
ditches built with Government aid and road ditches. All the work men- 
tioned results hastening run-off and, therefore, increasing run-off, for any- 
thing that hastens the run-off increases the same decreasing absorption and 
evaporation. The result that this extra water comes rushing down the 
lower lands Drainage District No. time when the main channels 
are full snow and ice, with the result that large areas are flooded and 
millions dollars lost annually failure get crop rust 
account the lateness getting the crop. matter how well the original 
channels were designed and matter how well they were maintained, they 
would not now capable properly taking care the extra rush waters 
that come from the higher grounds account the changed conditions, and 
your Commission believes that the lands from which this water comes should 
help pay portion the cost carrying these waters the Red River. 
thinks that the proportion should small compared with what should 
paid land that without drainage would useless.” 


hearing before Legislative Committee this subject, contradic- 
tory testimony was given old-time farmers. The men from the higher 
lands testified that the run-off from cultivated lands was much less than that 
from wild timbered lands and stated, further, that the floods were much 
greater years ago than the present time; whereas, the witnesses 
from the low lands testified opposite conditions. The Commission and 
its engineers contended that, general, the run-off from cultivated field 
the soil this country greater from summer fallow field than from 
one wild land, from timbered land. Further, the case melting 
snow under warm sun warm rains when there frost the ground 
depth ft., the run-off from the bare fields faster and is, 
therefore, greater than from the wild lands covered with grass timber. 
such with the water coming down rush when the ditches are full 
snow and ice, the danger from floods annual menace the lower lands. 
This argument has been borne out experience this District during the past 
years, the spring flooding becoming more excessive and occurring more 
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regularly the timber has been cleared and the land placed under cultivation. 
recognized that there are exceptions this general rule; one exception 
would where the ground was covered with say, ft. more snow, the 
temperature during the day, not more than 40°, and with frost night. 
Should this condition prevail for weeks, all the snow would disappear 
through evaporation, and with high barometer the moisture might pre- 
cipitated outside the water-shed and the danger flood would less than 
the land had been covered with timber and the snow held back until con- 
tinuous warm weather and warm rains should come. the weather turns 
from cold continuous high temperatures, with the ground covered with 
snow, then, stated the report, the timber would hold back the snow 
until the high temperatures had melted the snow and ice the ditches. 
the claim that timbered lands this district increase the danger exces- 
sive floods, will have admitted that there are conditions under which 
this true, has been indicated. 

railroad man, the speaker has had several years’ experience the 
North Pacific Coast and any winter that the snowfall appeared little 
greater than usual, the operating officers began worry about danger from 
spring floods. After long experience, the speaker came the conclusion that 
there was enough snow the mountains every year cause disastrous floods 
conditions were right, namely, continuous warm spell weather with 
without rain. early spring, this condition almost impossible, therefore, 
the time begin worry when there cold late spring. Such were the 
conditions the Northwest 1894. The weather remained cold until May 
24th, when suddenly turned warm and June 9th the water Kootenay 
Lake was ft. above low-water mark. The water was ft. deep the 
Canadian Railroad Station Nelson, C., Canada. the Arrow 
Lakes, the water rose about the same height. 

This brings the flood problem Manitoba. Winnipeg which situated 
what was the bottom lake not long ago, geologists count time, 
should not have been located where is. The Red River, draining this area, 
has not cut sufficient channel prevent dangerous floods. Another adverse 
feature that this river flows north. The present problem determine 
what will the effect the city and the lands between the International 
Boundary and St. Andrew’s Locks, the valley the Red River, works 
flood control (other than the construction reservoirs the people 
Minnesota and the Dakotas). Where natural reservoirs are not available, 
the usual practice increase the carrying capacity the river enlarging, 
straightening, and diking. possible decrease the Red River one-half 
its present length. The distance from Emerson Winnipeg, via rail, 
miles. The river survey shows distance 120 miles and the speaker’s in- 
formation that the same ratio obtained south the boundary. The speaker 
advising the Government Manitoba, that, his opinion, the work being 
done within the Province, draining land and preventing local flooding the 
tributaries the Red River double diking, ete., combined with that which 
being done and may extended south the boundary, time will bring 
about condition whereby the City Winnipeg and other property between 
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the boundary and St. Andrew’s Locks, will danger damage from floods 
annually, and, further, the frequent damage that feared. For 
instance, with land damaged floods annually the extent per acre, 
with money 5%, one would justified spending nearly $20 per acre 
prevent such damage; but, the land damaged the extent $10 per 
acre, floods once thirty years, one would not justified spending 
more than per acre prevent this damage. 

sum what the speaker wants know, is, does clearing land, building 
drains, and diking streams, tend increase the frequency floods and, 
so, one justified assuming that there responsibility account 
“injuring liability” attached the higher lands? 
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FLOODS SMALL STREAMS CAUSED RAINFALL THE 
CLOUDBURST TYPE 


The object this paper focus attention the subject floods caused 
localized rains great intensity, often styled cloudbursts, which affect 
principally the smaller streams. far the speaker aware compre- 
hensive study such floods has appeared print. The difficulties the 
way collecting reliable data this subject are too well known require 
special emphasis. These difficulties rather than the infrequency cloudburst 
floods account for the paucity available data and the incomplete state 
knowledge concerning this not only common but most destructive type 
run-off. The speaker believes that much valuable information hitherto un- 
published contained the files engineers throughout the United States, 
and that these data, brought together, collated, and analyzed competent 
agency, would far toward throwing much needed light this subject. 

term, “small streams”, applied herein any water- 
course which the maximum rates flood flow are caused, not prolonged 
and widespread heavy rains, the case rivers, but downpours excep- 
tional intensity, short duration, and covering areas rarely exceeding sq. 
miles. Unscientific the term, “cloudburst”, may be, common designa- 
tion for such rains and has been used freely engineers. has been adopted 
the speaker for want better appellation. The term, “excessive pre- 
cipitation”, use the Weather Bureau, not satisfactory for the 
purposes this paper, that too general its definition, and not 
sufficiently expressive the particular kind excessive precipitation under 
consideration. speaker has been inclined the use the term, “tor- 
rential rain”, but has found the one word, “cloudburst”, simpler for his pur- 
pose. further defense its use, may interest state that other 
languages besides the English, notably the German, have literal equivalents 
for this term. For the sake brevity, the term, “cloudburst flood”, has been 
used the speaker describe floods small streams, caused cloudbursts 
precipitation approximating that cloudbursts. limit specified 
the size drainage areas small streams defined herein, the defini- 
tion given, places automatic limit which must vary with local physiograph- 
ical and meteorological conditions. 

Distribution and appear common oc- 
currence throughout the entire United States south the 42d Parallel, some 
localities being more subject them than others. northern latitudes, they 
are not common, owing, evidently, the longer winter seasons during which 
strong convection currents are rare and the atmosphere not capable hold- 
ing large amounts moisture. 

Topography the governing factors cloudburst formation, but 
the relation appears little understood. There feeling among some 
Western engineers that cloudbursts are peculiar the arid regions. This 
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not borne out the facts; true, however, that regions small annual 
precipitation, like the Western States, cloudbursts form important part 
the annual rainfall, and exert marked influence the erosion features 
the country. Whether cloudbursts can sculpture the relief region 
make thereby more susceptible, turn, the formation cloud- 
bursts, matter well worthy investigation. The steep walled arroyos 
and smaller canyons the West, doubt, owe their formation and main- 
tenance largely this form run-off. The deeply dissected rims and side 
canyons the Grand Canyon the Colorado River, region noted for 
cloudburst precipitation, strongly suggest intimate relation between topog- 
raphy and cloudbursts there. 

Plains and table-lands seem have bearing, presumably promot- 
ing atmospheric movements which are important bringing, the scene, 
moisture from over vast radius. The entire east front the Rocky Moun- 
tains Colorado, especially along the foot-hills, has long been known 
zone which cloudbursts are common annual occurrence. The spectacular 
storms which took place there June, 1921, except for their unusual severity, 
present novel features that respect. the higher elevations these 
mountains, cloudbursts are comparatively rare. 

claimed that certain localities, because peculiar topographic condi- 
tions, are immune from cloudbursts. The City Chattanooga, Tenn., sit- 
uated wide valley surrounded high hills, enjoys this reputation. Less 
than miles the south, Georgia, cloudbursts annually inflict much 
damage. 

Whether proximity bodies water, such large rivers, lakes, the 
ocean, promotes the occurrence such storms, questionable. The records 
Erie, Pa., and Baltimore, Md., given subsequently, seem suggest that the 
nearness lake ocean has bearing the frequency cloudbursts. How- 
ever, reference the record Cherry Creek, Denver, Colo., would dispel 
any such idea. 

The bearing which features have this entire subject, 
important invite the most detailed study. evident that knowl- 
edge both frequency and maximum rates rainfall, that is, the class 
information needed the Engineering Profession designing structures 
smaller streams, hinges proper understanding topographical and meteor- 
ological conditions affecting cloudburst occurence. any study has been 
given the former, has not come the notice. 

Damage.—Unlike river floods, which occur principally the winter and 
early spring and often are beneficial enriching the soil with silt deposits, 
cloudburst floods occur nearly always during the crop-growing season, and, 
next tornadoes, are the most destructive agency with which the farmer has 
contend. Washouts railroad and highway embankments, destruction 
bridges, culverts, and buildings, and loss life, are common forms cloud- 
burst damage, which amounts millions dollars annually the United 
States. other floods, the invisible damage often considerable. The 
detouring trains over neighboring lines, which, many cases, costs more 
than the physical damage suffered railroad; interruption and loss busi- 
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ness all kinds; and, finally, the cost human life, are some the items 
commonly omitted estimating flood damage. Many cloudburst floods are 
unnoticed the press and Government State Bureaus. fact, 
appears nobody’s business study cloudburst The speaker 
believes that the toll taken annually these floods were better known, 
would attract greater attention the problem providing against them, and 
takes this opportunity emphasize the importance collecting reliable 
statistics this subject. This should made the duty some competent 
State Federal agency. 

Effect Parent Stream.—Little damage usually along large rivers 
from the sudden emptying into them one even two tributaries carrying 
cloudburst floods, unless the main stream itself should happen high 
stage, which case serious overflows may result. Ordinarily, however, small 
streams, overtaxed cloudburst run-off, cause only minor rises the larger 
streams which they are tributary. Perhaps the most harmful effect such 
cases the deposition vast quantity débris the channel the 
larger stream, time when its waters are not capable transporting such 
débris. The speaker has seen such accumulations débris spread out fan- 
shaped the mouth the offending tributary, resembling, small scale, 
the well known alluvial cones the California mountain streams where they 
emerge from the Sierras. noteworthy feature such débris fans their 
symmetry, indicating that the flow up-stream direction the main 
river channel was, temporarily least, nearly strong that moving down 
stream the point confluence. The speaker has been unable ascertain 
the time required for large stream carry off such accumulations, but this, 
obviously, would depend the frequency and size its floods. This em- 
phasizes the economic importance floods maintaining proper balance 
Nature’s household. river system, many respects, like extensive 
sewer flushings are essential the proper maintenance 
its channels. The removal débris resulting from natural erosion agencies, 
such cloudbursts, can accomplished only through flood flow. 

rainfall. Such data have been obtained the Signal Service, the 
Weather Bureau, and other sources, for the most part, are quite accessible 
printed form. Such figures are general interest only, and convey little that 
direct value this discussion the subject, lacking they do, the 
majority cases, information regarding the distribution the precipitation 
both time and areas covered. The spasmodic surging nature cloud- 
burst rainfall, accompanied exceedingly localized concentration few 
points, renders ordinary rain-gauge observations doubtful utility. Only 
self-registering instruments can use such eases, and such instruments 
are few number furnish little information from which draw 
conclusions. The recording mechanism these instruments not well 
adapted for clearly registering the tipping the receiving bucket each 0.01 
in. rain during cloudburst intensities. one case, where 0.48 in. rain 
fell min., the chart was crowded that the ink lines had run together, 
and was only measurements the water the lower container that 
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the number times the bucket had tipped could ascertained. The chance 
obtaining accurate cloudburst rainfall one rain gauge located 
within the area heavy precipitation, belongs thus far the category 
fortuitous events. instance where fair record this kind was obtained 
the storm July, 1914, near Cambridge, Ohio, when 7.09 in. rain fell 
min.* 

Field observations, made the speaker, immediately following cloudbursts, 
have him that such phenomena are often characterized concen- 
trated local falls water lasting presumably only few minutes and recurring 
probably intervals different points within the area maximum rainfall. 
This evidenced surface indications localities not subject erosion 
flow natural watercourses overflow from the latter. Thus, immediately 
after the cloudburst July 10th, 1914, near Pa., the speaker found 
high mountain side, that were from yd. wide and nearly 
yd. deep. Many yards earth had been torn jet from, 
hydraulic giant. Similar scars, but smaller dimensions, have been noted 
Ute Pass, Colo., and Dotsero,.Colo., other occasions. these cases, 
there was collecting area immediately above these scars, that could have 
produced sufficient concentration flow the ground surface effect the 
removal much earth, and all the indications pointed the action 
water descending directly from the clouds. 

Instances cloudbursts within towns cities corroborate this phase 
cloudburst precipitation. remarkable case this kind occurred Pitts- 
burgh, Pa., July 26th, 1874, 6:30 M., when cloudburst described 
having formed the coming together two dark clouds, broke over the 
section the city known Allegheny. few minutes, more than 100 
human beings had been swept down Madison Avenue into the Allegheny River, 
and were reported have drowned. fifty houses were 
the same storm, cloudbursts occurred Wood’s Run, where people were 
drowned, and Sawmill Run, where met death. These two small streams 
are the immediate neighborhood Pittsburgh. Nothing known regard 
the rainfall during these occurrences. 

The question may well raised whether the study cloudburst floods 
can profitably undertaken through study rainfall records obtained 
the present system observation. Records showing that even in. 
rain fell within hour are small value when accompanied the further 
statement that most fell part that time. Statements this kind 
are only too common. The average observer co-operative station cannot 
relied make detailed observations such times. 

Run-Off—Engineers are primarily concerned with the rates maximum 
run-off and fortunate, therefore, that cloudburst floods such rates are 
more readily ascertainable than the rates precipitation which give rise 
them. Even so, the information available meager, and does not justify the 
drawing definite conclusions this time. 


For description this storm and map showing isohyetals, see page the 
Water Problem”, Sherman, Am. Soc. E., Ohio State University Bulletin 
No. (Vol. XX). 
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Being essentially the nature heavy thunder-storms, cloudbursts fre- 
quently during conjunction with thém; they cover only small 
areas within the main storm, and have been known recur again and again 
the thunder-storm progresses. However, they are often isolated, and 
such form they offer the best opportunity for detailed study. The storm 
Long Level, Pa., described herein, was this type. outstanding feature 
the isolated form the comparatively small quantity total run-off not- 
withstanding the extraordinary peak rates flow. This well brought out 
descriptions the floods June, 1921, Pueblo, Colo.,* and September, 
1921, San Antonio, and afford the comforting thought that flood- 


control measures, especially the retarding-basin method, may economically 
possible such 
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Fig. shows curve cloudburst run-off compiled from data American 
and foreign streams and Table gives data pertaining the cloudburst 
floods. The data derived from larger drainage areas are often complicated 
the records lesser rates rainfall over parts those areas, and they 
not offer clean-cut comparison have not been utilized. Furthermore, 
there reason believe that, for small drainage areas, high rates run-off 


offer more nearly comparable results for different sections the United 
States. 


*“The Flood June, 1921, the Arkansas River Pueblo, James 


Munn and Savage, Members, Am. Soc. E., Proceedings, Am. Soc. September, 
1921, 167. 


“The Flood September, 1921, San Antonio, Terrell Bartlett, 
Am. Soc. E., Proceedings, Am. Soc. E., November, 1921, 443. 
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TABLE FLOOD 


Stream. 


Canadochly Creek 
East Fork, Honey Creek.............. 
East Fork, Honey 
Blue Ribbon 

Santa Ysabel 


STREAMS 


Locality. 


Heppner. Ore. 
Cherryvale, Kans. 
Monterey, Mexico 
Fishkill, 
Indiole, Mex. 
Creswell Station, Pa. 
Letort, Pa. 

East Prospect, Pa. 
Long Level, Pa. 
Bridgeville, Pa. 

New Carlisle, Pa. 
New Carlisle, Pa. 
North Braddock, Pa. 


Arkansas River 
drainage near 
Pueblo, Colo. 


Globe, Ariz. 
Keystone, Va. 
Bakersville, 
Sau Antonio, Tex. 
ot 


Mesa Grande, Calif. 
Ruy, 


Germany 


AMERICAN STREAMS: 


Date. area, second-feet per 
square miles.| square mile. 
June 14, 1908 Water Supply Paper 
25, 1909 3.5 825 Engineering News, Sept. 23, 1909. 
July 14, 0.25 200 New York State Engr.’s Rept., 1902. 
July 19, 1915 8.87. 105 Bulletin, Am. Ry. Eng. Assoc., August 1915. 
July 15, 1914 0.67 540 Water Supply Comm. Pa. 
July 29, 1918 Miami Conservancy District. 
June 10, 1917 0.6 000 Water Supply Comm. Pa. 
June 192 6.7 360 Proceedings, Soc, E., Dec., 1921. 
“ 15.8 619 . 
59 913 oe oe be 
“ 34.4 564 
Aug. 17, 1904 449 Water Supply Paper No. 147. 
June 22, 1901 Engineering News, Vol. (1902) 104. 
May 20, 1901 22 1 $41 be 
Sept. 1921 26.8 Proceedings, Am. Soc. March 1922. 
16.9 1 950 Nov., 1921. 
Jan. 27, 1916 895 Water Supply Paper No. 426. 
June, 1916 1.5 300 Engineering Record, June 24, 1916. 
1887 1.8 Transactions, Am. E., Vol. 
1887 6.7 930 
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Cloudburst Long Level, description this occurrence given 
being representative the isolated type cloudburst. took place 
July 15th, 1914, along the River, York County, Pennsylvania, 
(Fig. 2), and covered area about sq. miles. Field measurements were 
made July 18th, 1914, Howard Critchlow, Am. Soe. E., 
assisted Mr. Bowen, under the auspices the Water Supply Com- 
mission Pennsylvania, the speaker that time being Division Engineer for 
the Commission, charge flood investigations. Through the courtesy 
the Commission these data are here made available for publication. the 
field work was done with painstaking care, time when traces the floods 
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were still plainly visible, the speaker has considerable faith the reliability 
the results. The following quoted from Mr. Critchlow’s report: 


“The storm broke between 3:30 and 4:00 M., the 15th, and rained very 
hard for about hours the area west the river, while the precipitation 
lasted about hour the east side, beginning about 4:30 The inhabit- 
ants interviewed stated that the downpour was the heaviest they had ever seen, 
the clouds coming from several directions and hanging over them. There 
was only slight wind and electrical disturbance. Data obtained from party 
near the mouth Canadochly Creek, consisting depth large 
iron kettle standing the open, gave precipitation 6.2 in. hours. 
Also, data obtained from party Bridgeville, consisting catch 16-ft. 
skiff anchored west shore Susquehanna River, gave precipitation 
5.7 in. hours. These data check closely, and the former especially 
good. Some hail was reported Canadochly Creek and Long Level.” 

* * * * * * * * * * 


“The data collected this storm were obtained Bowen and the 
writer follows: East Side Susquehanna River, Manns Run, Indian Run, 
and Whisler’s Run July 18th; West Side Susquehanna River, Can- 
adochly Creek, Cabin Creek, Cook’s Creek, Bulls Run, Fishing Creek, and 
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Green Branch July 21st and 22d. All elevations high-water marks and 
low water, well cross-sections, were taken with small engineer’s level, 
distances being measured with metallic tape. Courses were selected that were 
not subject back-water, straight, and fairly uniform cross-sections and 
slopes. These conditions were not always found, but believed that 
use was made the best available. Measurements span and clearance 
culverts and bridges visited were made and recorded, but more time and 
attention was given the collection data rainfall and for computing 
maximum rates run-off. The duration excessive rate run-off not 
definitely known. The small streams seemed reach their crests within half 
hour after the storm began, but the length time during which flood 
ditions obtained and rate fall indeterminate factor. They subsided 
rapidly after the storm ceased. Fishing Creek and Cabin Creek kept 
crest for about hour, the latter rising crest from 4:00 6:00 
remaining crest until 7:00 m., and falling gradually midnight. The 
rain here started 3:00 M., and rained hard for two hours. Any estimate 
the total run-off would subject considerable error account lack 
knowledge rate subsidence flood. Only the maximum discharge 
has been computed, since the most important factor considering flood 
conditions and the effect bridges and dams.” 


TABLE 
c= — — 2o 
Steep, rocky 100-ft. course, fair 
ndian Run 
Rolling, agri-| 


crest, head 5.0 
open-channel 
method for area 
right bank. 


agri- 


200-ft. course, poor 
slopes..... conditions. 
Entire basin not 
storm main tri- 
Jands...... butary, Beaver 


Creek, not 
flooded. 
course, fair 


Branch. 


Computed tim- 
ber dam, 70-ft. 


slopes...... 


The results Mr. Critchlow’s measurements are given Table from 
which will seen that the conditions surrounding the determination made 
Bulls Run were poor, the first inference being that the rate run-off 
sec-ft. per sq. mile from 0.58 sq. mile too high. The speaker has 
not this measurement, however, was made nearly the center 
the area heavy precipitation, and seems reasonable expect higher 
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rate rainfall well run-off there than other points the area. 
has arbitrarily discounted the discharge per cent. The resulting 
figure, 160 sec-ft. per sq. mile corresponds, 100% run-off, 6.5 in. rain- 
fall per hour, which not unreasonable for the center this storm, the rates 
indicated the kettle being 3.1 in. and the skiff 3.8 in. per hour. The 
measurement Manns Run also gives run-off rate excess the rainfall 
rate indicated the catch the skiff, the difference not being sufficient, 
however, warrant rejection. 

the eastern half the United States practically gauges 
are used small streams, owing the small economic importance théir 
flow. Many gauges have been established within the past fifteen years the 
arid regions, where longer unusual see automatic register chart 
showing the complete oscillations caused cloudburst flood. However, the 
records available are too short indicative the frequency recur- 
rence. The best that can done study the history small streams 
traversing some the older cities. The record Erie, Pa., mentions flood 
September 13th, 1878, when Mill Creek swept away dams, culverts, bridges, 
and caused the loss two The rainfall recorded Erie was 5.11 
in. September 12th and 13th, 1878, but data are available what fell 
within the area excessive precipitation. Later well-known floods that caused 
havoe were those May 17th, 1893, and August 3d, 1915, the latter finally 
arousing the citizens the necessity providing relief. 


The cloudburst flood Willow Creek, that destroyed Heppner, Ore., 


the night June 14th, 1903, seems have had precursor 1883, before 
the town came into existence. 1888, flood fully serious that 1903, 
came down Hinton Creek, which empties below Heppner.t 

Jones Falls, small stream which flows through Baltimore, Md., has 
perhaps the longest available record cloudburst floods. The first flood 
recorded that July 30th, 1754, the details which are meager. The 
flood October 5th, 1786, occurred the late evening and was very destruc- 
tive property all kinds. Other similar floods occurred August 8th, 
1817; July 14th, 1837, noted for the many lives that were lost; August 24th, 
1842; June 12th, 1858, said have equalled destructiveness 1786; 
May 1860; July 24th, 1868, which swept away stone and brick bridges 
across Jones Falls; and July 23d, 1887. recent years, the magnificent 
sewer system Baltimore, which Jones Falls made flow covered 
channel through the city proper, has prevented flood damage. about 159 
years floods occurred intervals averaging years. This compares closely 
with the Erie record, which the floods were separated and 
intervals. 

Cherry Creek which flows through Denver, Colo., 
offender. has drainage area about 400 sq. miles, and belongs that 
class streams which extreme flood stages may caused long pro- 
tracted rains, rains the cloudburst type. The report the Cherry 
Creek Flood Commission shows that floods caused primarily rainfall the 


Report Chief Signal Officer, 1879, 583. 
Geological Survey, Water Supply Paper No. 96, Murphy. 
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cloudburst type occurred May 19th, 1864, May 22d, 1878, July 26th, 1885, 
and July 14th, 1912, averaging years apart. 

Another long record that the old City York, Pa., through which 
Creek, stream draining area 223 sq. miles. Selecting 
the most disastrous floods this creek, commencing with 1744, the record 
shows total twelve. these, that March, 1784, was caused over- 
flow from ice jam, and that February 21st, 1822, was caused heavy 
rains falling in. snow. The remaining ten appear have been caused 
extraordinary rains. Excluding that 1772, concerning which little appears 
known, the occurrences were, follows: the summer fall 1744 
and, again, 1758, both floods being described having caused great damage 
the crops the pioneer settlers; October 5th, 1786, when storms unusual 
intensity swept various parts Pennsylvania and Maryland; August 8th, 1817, 
when $200000 damage was done York County, the rainfall being said 
have totaled in. hours; May 29th, 1821, said have been less destruc- 
tive than that 1817; October 8th, 1847, caused extraordinary torrential 
rains; July 19th, 1850, which exceeded height any flood since 1822; and 
June 25th-26th, 1884, said have exceeded that 1817, and have been 
caused rainfall about in. hours. This flood swept away all the 
bridges York, then prosperous city. was shortly followed the flood 
July 5th, 1884, caused cloudburst rains within the Codorus Creek basin, 
producing unprecedented stages some the smaller tributaries. These 
nine floods occurred intervals averaging years. The speaker submits this 
record because its value studying the frequency recurrence extraor- 
dinary floods stream draining area about 200 sq. miles. The 
extent which the cloudburst run-off figured these floods cannot defi- 
nitely ascertained. can only inferred from the descriptions now available 
that precipitation the cloudburst type did accompany these storms. 

The dates mentioned are useful throwing light the recurrence cloud- 
burst floods, but without specific information peak run-off rates they are 
small value the engineer. They indicate, however, that cloudburst floods 
are more common than usually conceded. speaker hopes that other 
members the Society may able supply similar records for other 
localities. 

Flood streams have not been taken seriously enough 
the past, and the property that has been placed within the reach their flood 
waters can protected, rule, only considerable expense. The suc- 
cessful unruly small streams some communities encouraging, 
and hoped will find following elsewhere. The municipalities Har- 
risbutg, Pa. and Watervliet, Y., were among the first adopt the system 
retarding-basin control, and has been successful that reports con- 
cerning these works are scarcely ever heard, sure sign that they are working 
properly. the Miami Valley, the catchment areas the streams now 
under control were, for the most part, too large within the class 
streams dealt with this paper. Nevertheless, computations were made 
make sure their safety case excessive rates precipitation short 
periods time. 
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The Germantown and Lockington Dams each control streams draining 
areas little more than 250 sq. miles. These are the borderland 
the class streams herein discussed. Although primarily designed take 
care the run-off from storms like that March, 1918, and greater, these 
dams are capable controlling floods the cloudburst type. 

some localities, because local conditions, channel improvement and 
levees may the only form protection that can provided. The retard- 
ing-basin system, however, offers special advantages for handling this class 
floods, the total flood run-off not large and does not require basins 
great size. 

Design property against inundation often 
problem, which the value the property and other financial considerations 
limit the size flood that shall protected against. Waterway pass 
maximum floods cannot always provided under bridges, but bridges can 
built withstand the onslaught great floods without failing. Culverts 
over small channels often have inadequate waterway when the conditions 
would make adequate waterway possible without unreasonable expenditures. 
Whether better permit highways and railroad embankments 
washed out, long intervals, rather than provide costly structures over small 
streams, matter maintenance rather than engineering, the damage 
adjacent property being important such considerations. Good engi- 
neering would seem demand adequate structures, unless the road rail- 
way temporary character. 

the design spillways, has been considered proper build for the 
largest flood, and often additional factor safety may introduced. 
more data cloudburst floods become available, the tendency build larger 
and larger spillways, and there are cases where economy demands that such 
requirements set aside order keep within reasonable limits. Should the 
engineer’s conscience flexible, should insist providing structure 
that will safe under the ultimate conditions that Nature may impose? 
better inform client that safe structure cannot built the 
chosen site except inordinate cost, and that, therefore, the project should 
abandoned? Ingenuity and common sense, the two main attributes 
engineering skill, can, most cases, find way out such dilemmas. 
permit the client assume the risk building inadequate structure 
not good engineering, nor will save the engineer’s reputation case failure 
occurs. 

Special considerations should apply the remodeling existing struc- 
tures, where frequently radical changes are impracticable introduction. 
Again, structures the failure which can way imperil life property 
now any future time, require special safety factors. 

impressions made flood catastrophes, however vivid 
the time, soon fade from memory. flood, like that Johnstown, 
Pa., becomes historical through the medium school books and literature. 
Other floods equally serious from the engineer’s point view have been for- 
gotten the public. The Heppner, Ore., and the Oil City disasters are 

seldom mentioned. Few people residing San Antonio, Erie, Baltimore, 
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Denver, have any appreciation the frequency with which their cities are 
visited cloudburst floods, and this true hundreds other towns 
the United States. The hydraulic engineer cannot afford forget; 
his business provide himself with records that will enable him make 
sound recommendations for flood control. For the larger rivers the United 
States fair position so, although the records for many rivers 
leave much desired. For the smaller streams, however, the absence 
reliable data appalling. Many years ago, the Pennsylvania Company 
adopted the policy systematically elevating its tracks above the highest 
known flood marks. Within the State Pennsylvania, has succeeded 
doing except for few branch lines minor importance. Thus, large 
measure, has freed itself from overflow the flood-ridden rivers that 
State. Not so, however, regards the small streams—these continue 
exact their annual toll washouts. This true other railroad systems. 
1883, cloudburst took out large embankment the Delaware, Lack- 
awanna and Western Railroad about mile east Moscow, Pa. Again, 
June 10th, 1892, fill nearly ft. high was washed out this railroad near 
Moscow, the culvert that point being unable carry the flow from cloud- 
burst discharged drainage area less than sq. miles. July 10th, 
1914, the same fill went out the same process. The Railroad Company 
restored the fill its former lines, but replaced the culvert with 16-ft. semi- 
circular arch. The question may well asked: Should bridges ample span 
have replaced the culverts, was the rebuilding the embankments the 
logical thing do? 

closing, the speaker wishes state that has purposely refrained from 
introducing into this paper large collection compiled data. Rather, 
has been his endeavor present much possible the results his per- 
sonal observations, covering period twenty years and extending over 
large part the United States. his belief that the present chaotic state 
knowledge cloudburst floods due simply lack data, and that 
much could accomplished toward placing this subject its proper light 
some agency would take itself the systematic collecting information 
pertaining cloudbursts. The relation between topography and cloudburst 
frequency phase the problem that merits especially exhaustive study. 
not enough know how great rates run-off can occur. should 
possible foretell whether any given locality subject such rates reason 
its surrounding topography. would just poor engineering pro- 
vide structure maximum dimensions locality that immune from 
cloudbursts, build inadequate structure locality where cloud- 
bursts are bound occur often. 
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STANDING WAVES RIVERS 


Standing waves rivers are due several distinct causes and are known 
many different names. They differ greatly appearance, reach maximum 
heights ft. more, and may fixed position may move either 
with against the current. some forms, they are common and attract 
attention; others, they are unusual, spectacular, and, under some con- 
ditions, destructive property and even dangerous life. The four con- 
spicuous and generally recognized types standing waves are the hydraulic 
jump, caused sudden checking the velocity swiftly moving water; 
the sand wave, caused moving sand the bed stream that heavily 
burdened with silt; the tidal bore, caused the flow the tide into river; 
and the standing flood wave, caused sudden influx large quantity 
water into river channel. 

Hydraulic hydraulic jump which due sudden checking 
the velocity rapidly moving water and corresponding increase cross- 
section, may result from sharp decrease slope from abrupt increase 
channel. “facing” the current producing the wave and having linear 
motion, differs radically appearance from other forms standing waves 
herein described. will occur where swiftly moving water flowing over 
dam strikes the more slowly moving water the pool below, where the jet 
water from orifice that partly wholly submerged strikes the relatively 
still water into which flows, and where there obstruction abrupt 
frictional resistance flow. Practically all roughness the 
surface flowing water, except that caused wind sharp drop 
the channel, manifestation some degree the hydraulic jump, although 
not commonly 

This phenomenon below spillway dam and other hydraulic structures has 
been described and analyzed mathematically Karl Am. 
these descriptions, two important features the hydraulic jump have been 
emphasized—the danger the destructive effects the jump hydraulic 
structures and the possibility utilizing the jump for removing part 
the kinetic energy the moving water. The destructive effects have long 
been recognized, and allowance has been made for them the design 
canals and flumes and the foundations overflow dams. The possibility 
using the jump for dissipating energy apparently much less widely 
understood and may sufficient importance warrant further experi- 
mental study. 


Hydraulic. Jump Open Channels High Transactions, Am. Soc. 
E., Vol. (1916), pp. 

Hydraulic Jump and Critical Depths the Design Hydraulic Structures”, 
Engineering News-Record, Vol. 85, 1920, pp. 

“Theory the Hydraulic Jump and Backwater Miami Conservancy District 
Technical Reports, Pt. 1917. 
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Sand Waves.—Sand waves occur high stages streams heavily loaded 
with silt and are caused the movement considerable waves sediment 
the stream bed. The observed wave is, however, wave water, its causal 
wave sand being entirely submerged. The sand wave may due the 
same causes that produce the hydraulic jump, but its occurrence strik- 
ing and its appearance different that treated independent 
phenomenon. appears due sudden checking the velocity 
the swiftly moving water, but caused obstruction that 
motion and that vanishes and re-appears with the dissipation and formation 
waves dunes sand the bed the river. 

These phenomena have been described Gilbert,* who has called the 
waves sediment the bed “rhythmic dunes” and has made distinction 
between “dunes”, which travel down stream, and “antidunes”, which travel 
against the current. The motion the antidunes caused the deposition 
sediment their up-stream slopes and simultaneous erosion from their 
down-stream slopes. The dunes cause only slight undulations the water 
surface, but the antidunes which travel much faster than the dunes, may cause 
waves considerable magnitude. 

Assoc. Am. Soc. E., who observed many sand waves 
the San Juan River Southern Utah, has described them resembling 
appearance “the waves thrown stern-wheel river steamboat.” 
observed sand waves least ft. high, but they were generally only about 
ft. high, measured from trough crest. The length the wave from crest 
crest the deeper sections the river was from ft. describes 
their appearance follows: 


“At one moment the stream running smoothly for distance perhaps 
several hundred yards. Then suddenly number waves, usually from six 
ten, appear. They reach their full size few seconds, flow for perhaps 
min., then suddenly disappear. Often, for perhaps half minute before 
disappearing, the crests the waves through combing movement, ac- 
companied roaring sound. first appearance seems that the wave 
forms fixed positions, but watching them closely seen that 


they move slowly stream. the narrow parts the stream the waves 


may reach nearly the width the river, but the wider parts they occupy 
smaller proportional widths. Usually they are right angles the axis 
the stream, but some places, particularly the wider parts the river, 
they may suddenly assume diagonal position, moving rather rapid.y across 


the the direction toward which the up-stream side the wave has 
turned. 


Tidal tidal bore seems peculiar region large tidal 
fluctuation and formed tidal estuary where there are marked restric- 
tions channel large river strong current that enters the ocean. 
The effect piling the advancing tide the lower layers, which are 
retarded the normal current the river. Many these bores are de- 
structive and are serious obstacles navigation and shipping. The name 


Amazon” said some authorities derived from Indian word 

Transportation Débris Running Geological Survey, Pro- 
fessional Paper 86, 1914, pp. 11, 


Measurement Silt-Laden Streams”, Geological Survey, Water Suppl 
Paper 400, 1917, pp. 41-43. upply 
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meaning “boat destroyer”, because the dangerous tidal bore about 100 
miles above the mouth the river. This bore occurs stretch the 
river where the channel obstructed islands and the depth not more 
breaking wall water from ft. high. applying Merriman’s 


hour (15 ft. per sec.) corresponds depth wave ft. and that miles 
per hour (22.5 ft. per sec.) corresponds depth wave ft. 

The tidal bore the Ganges noted for its magnitude and destructive- 
ness. the Hugli Branch that river, the bore advances miles 
hours, the rate ft. per sec., indicating height wave about 
ft. 

Standing Flood Wave.—The standing flood wave occurs shallow stream 
when large quantity water reaches the channel while the stage low. 
may caused the sudden release water through the failure storage 
dam heavy local rainfall. The same quantity water reaching the 
stream higher stage would cause increase stage and discharge, but 
might not make standing wave. 

The standing flood wave caused the lag water and near the 
bed stream, due the greater resistance flow the bed than 
the water itself, which shown the ordinary curve velocities 
vertical section river. this respect, closely analogous breakers 
beach and more remotely the tidal bore. result the lag 
water near the bed, the swiftly moving water the upper part the cross- 
section flow continually overtaking the more slowly moving water below. 
standing flood wave will caused only when the quantity water originally 
the stream small comparison with the quantity the sudden flood. 
Therefore, is, perhaps, seldom the direct result rainfall humid regions, 
but characteristic feature streams arid and semi-arid regions 
where low-water flow small and precipitation has the intensity the so-called 

The flood wave appears nearly vertical “wall water” with much 
splashing and foaming front, caused the continual falling the faster 
moving water near the top over the slower moving water near the bottom. 
The water which thus falls becomes part the bottom layer water, 
and other water from above overtakes and falls over it. The quantity 
the bottom layers must, course, constantly augmented from above 
the flood wave progresses, because the top layers must supply not only the 
water for their own extension down stream, but large part the water 
needed for equally rapid extension the slower moving bottom layers. 

sudden rush water should occur frictionless channel, the lower 
acting under pressure, would move forward more rapidly 
than the upper layers. such theoretical channel, nothing resembling 
standing wave could form, the piling due the continual overtaking 
the lower layers the upper ones would replaced flattening due 
the more rapid movement the water near the bed. appears, therefore, 


“Treatise Hydraulics”, 8th ed. (1908), 342. 
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that friction water the bed essential the standing 
flood wave. 

Merriman* has shown the mathematical conditions controlling the pro- 
duction the standing flood wave. finds that will when the 


less than which the depth water, the slope the channel, 


and the acceleration gravity. The condition this proviso will pre- 
vail only decreases—that is, the frictional resistance flow increases— 
the slope the bed increases. other words, the steeper the slope, the 
greater the frictional resistance essential form standing flood wave. 

Although, the aggregate, many more standing flood waves are formed 
excessive precipitation than the failure reservoirs, rainfall does not 
generally produce the best conditions for such waves, because water derived 
from rainfall normally reaches the large drainage channels part through 
many tributary channels that are more less separated and part sheet 
flow over the surface the ground, the result usually being gradual increase 
water the stream bed rather than sudden rush water from one source. 
The natural increase down stream channel capacity and the effective storage 
water required fill the channel and cover the flood-plains also tend 
counteract the conditions that promote the formation standing wave. 
result, standing flood waves are formed from rain only when the local 
precipitation unusually intense. 

Unlike the tidal bore, which recurs periodically the same stream, the 
standing flood wave cannot anticipated and may recur the same stream 
only widely separated times. When occurs, there are generally facili- 
ties available for observing its velocity, its height, its variation velocity, 
height, form, moves down channel varying width and slope. 
Consequently, few, any, exact observations the depth and velocity 
standing flood waves have been made, and although such waves resulting 
from rainfall are frequently mentioned general terms both engineering 
and popular literature, there appear few published descriptions their 
height and velocity. 

Optimum conditions for standing flood waves occur connection with the 
failure reservoirs, which the Lower Otay Reservoir, California, af- 
forded typical example. The failure that reservoir produced standing 
flood wave that has been described huge wall water from ft. 
high, traversing the miles from the dam site Palm City min., 
corresponding average velocity about ft. per sec. This velocity 
corresponds average value (depth wave) about ft. the 


formula, Similarly, the average velocity wave the Johns- 


town flood was ft. per sec., has been stated, the value found from this 
formula 19.4 ft. 


The four types standing waves described pertain only rivers and 
should not confused with breakers, with the infrequent “tidal waves” 


“Treatise 8th ed. (1908), 344. 
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the ocean caused voleanic action earthquakes, with unusual fluctuations 
tides bays estuaries into which large river empties, with those 
most common waves all which are caused either directly remotely 
wind. These waves have been fully analyzed and described engineering 
literature several writers, and mathematical statements certain their 
characteristics have been presented the Society Karl Kennison, Assoc. 
Am. Soe. E., the paper, which reference has been made, and 
Mr. Johnson.* 

Obviously, however, the hydraulic jump and tidal bore form the basis 
most discussions standing waves rivers, they may studied systemat- 
ically the will the observer. some respects the sand wave interest- 
ing, but little importance engineers, because occurs only 
few rivers that are heavily loaded with silt and that are, therefore, generally 
not utilized hydraulic developments. The standing flood wave, occurs 
natural channels, although seen many times and described general terms, 
has not been and from its nature cannot studied detail, either 
causes, form, progress, effects. These are good reasons why engineering 
literature contains reliable information regard this spectacular and 
destructive phenomenon. 
Open Channel”, Transactions, Am. Soc. E., Vol. LXXXI (1917), 
p. 
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FLOOD PROBLEMS CHINA 


The inclusion notes the flood problems China this Symposium 
might first view not seem helpful toward the solution certain flood 
problems America, for which engineers are striving; nevertheless, there 
are certain important facts about training rivers cut their beds deeper 


where they flow over deep alluvial deposits, recently discovered course 


the speaker’s researches China, that may prove practical application 
America and other parts the world. 

Floods China imperil the lives greater number people than 
anywhere else earth. Many the great famines China are caused 
floods which, spreading shallow depths over vast areas, even thousands 
square miles, drown the domestic animals, destroy the growing crops, and 
make impassable the few poor roads, that relief cannot brought in. 
Many other the great famines are caused occasional shortage 
rain districts where irrigation from controlled rivers from storage 
reservoirs would insure food lessen this starvation menace. brief, there 
part the world where the science and arts hydraulic engineering 
could more for humanity than China. 

The regulation and guiding certain China’s great rivers channels 
better adapted for flood control and for navigation present some the most 
interesting problems hydraulic engineering that can found anywhere 
the world, and the speaker has been led, through personal observation, 
believe that control the rivers which cause these great floods prac- 
ticable large extent modern engineering, and that can 
forward whenever China’s domestic political affairs become straightened out 
and the inertia extreme conservatism overcome. 

Until twenty thirty years ago, the world outside China knew little 
about these terrible floods, because means communication within China 
were poor that knowledge the facts filtered out slowly and imperfectly. 
For example, few now know that recently thirty-five years ago more 
than 1000000 people (some say 7000000) perished drowning and starva- 
tion, resulting from one flood which came from break through the south 
dike the Yellow River, about miles above Kai-feng City, and flowed 
southeasterly over belt nearly level country, perhaps miles 
width 150 miles length, into the Huai River. accurate description 
this outbreak its wide devastation appears have reached Shanghai 
until after many weeks. Few to-day realize the awful devastation that fol- 
lowed the floods which, August and September, 1917, surrounded Tientsin, 
the great commercial port North China, submerged large part 
sq. miles delta plain, containing 105 cities and 000 the little Chinese 
farm-villages, numbered 600000 sufferers (by partial count the magis- 
trates), ruined crops estimated the head the Relief 


Consulting Hydraulic Engr., Providence, 
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have been worth $22 and caused property loss several times this 
sum. Few who have not traveled the Chinese deltas have any conception 
the density population the vast number these little villages dotted 
everywhere over the fertile delta plain. 

Floods that any other populous country would receive world-wide at- 
tention occur two three times almost every decade one part another 
the great eastern Chinese delta plain. July, 1919, while the surveyors 
the Canal were the field, there was flood from outbreak 
through the Yellow River dike, that ruined the crops over about 125 sq. miles 
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Fic. 3.—CHINESE PICTURE MAP FLOOD. 


fertile land, supporting 560 villages and 217000 people, and caused dam- 
ages (as estimated the loeal magistrates) the extent and 
July, 1920, hundred miles away from the area just mentioned, following 
sudden rain, there was outbreak through the dike little river, that 
spoiled crops said have value $250000, which outbreak was observed 
the principal American field engineer. These two floods, 1919 and 
1920, were commonplace comparison with the great floods which always 
threaten, that far the speaker could learn, they escaped all notice 
the several important English language newspapers published China. The 
summer 1921 brought repetition, for perhaps the hundredth time his- 


The distinction between gold and silver dollars, ordinary basis 
estimating values China, which are worth about one-half the gold dollar, has made 
plain publications dealing with China. All values this paper are calculated 
gold dollars, two silver for one gold. 
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tory, great floods Kiang-su Province and another break the Yellow 
River dike somewhere the lower river, which said have caused great 
damage and shifting several miles length its channel, although 
description has yet reached America. 

Kiang-su Province, along the branching outlets the Huai River, 
north the Yang-tze River and east the, Grand Canal, there flat 
delta plain extremely fertile land extending nearly 100 miles north and 
south about miles east and west, which vast area, time after time, has 
been covered with water from the Huai floods, deep enough drown most 
the domestic animals, ruin the crops, and consign multitudes people 
starvation. old Chinese picture map flood shown 
Fig. 3.* The area shown flooded covers about 4500 sq. miles. This district 
which now supports impoverished population said number about 
000, could made, means construction works which the speaker 
believes practicable, support, comfort and safety, population far greater 
than 

The great industrial leader, Chang Chien, says, his report 1919, 
urging National action, “Within this district along the Huai River below the 
City Wu-hu, the past thirteen years, there have been six serious famines 
affecting thousands and thousands people.” 

the speaker’s two brief tours China, has seen enough some 
these regions menaced flood convince him that country has greater 
need careful engineering research and sound cautious advice; and from his 
studies for the improvement the Grand Canal and the Yellow River, 
confident that great relief can secured expenditure which rel- 
atively not large and which can forthwith recovered the increased 
value the land reclaimed. The construction can performed mostly 
with hand implements, native labor, which badly needs employment, 
smaller cost than steam shovels, industrial railways, dredges. 

part the world gives greater opportunity for beneficent service 
suffering millions worthy, kindly, industrious people, means engineer- 
ing skill, combined with substantial construction-loan the Chinese 
Government. 


CoNCENTRATION THE 


The outline map China, Fig. shows that run-offs from the principal 
river drainage basins are gathered into remarkably few main ‘outlets the. 
sea, there being, within 2500 miles main coast line, measured without 
including the sinuosities, only five six carry off the discharge from 
catchment area about equal the United States east the Rocky Moun- 
tains. Naturally, the flood characteristics these widely separated dis- 
differ greatly. 


From Fr. Gandar’s “Histoire Canal Imperial.” 

Ex-Minister Reinsch says “An American Diplomat China” (p. 60): “The people 
the Huai Region, secure and affluent, might easily increased twenty million living 
heirs fifty-century old civilization. 
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Almost nothing was known the detailed topography the interior 
China, until within the past years, except from the journals written along 
single lines travel Abbé Huc, and Richthofen; and precise 
information about the floods these five great river systems still limited 
few areas, large themselves, but small compared with the whole 
China. 


0,000 Si 


Fic. 4.—DRAINAGE CHINA. 


These particular flood areas about which something known are mostly 
near the commercial centers. Doubtless these districts are the worst afflicted, 
because they are within the vast delta plains where flood can spread. 
Back from these deltas near the sea, Chinese topography presents vast areas 
hill and valley, which doubtless possess all ordinary varieties the flood 
problems found other parts the world, that come- from torrential rain- 
fall and run-off relatively narrow valleys, with great and rapid range from 
normal flood height; for China has many rainfall records 12, and 
even in. depth falling single storm, which equal and exceed that the 
great storm the Miami Valley. 
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This paper does not deal with those floods upland regions. They concern 
fewer people and probably their control found mainly the slow 
processes systematic forestry, perhaps barrages, such are used 
certain Swiss valleys, for preventing the landslides caused torrents, from 
undercutting the steep hillsides. 


AND TRAINING 


The situation general for flood relief requires much more than sys- 
tematic forestry, although the sooner widespread re-foresting the hills 
vigorously undertaken, the better. The thickly settled lowlands China are 
almost treeless, except small spots around the graves ancestors, and dur- 
ing the past few centuries the uplands far back along the rivers have been 
robbed their natural protection; certain that the cutting the 
forests has had much with the present disastrous conditions. For ex- 
ample, stream from Tientsin, vast areas hills, from which floods descend, 
are said have been stripped their natural forest cover centuries ago and, 
consequently, their humus and their porous top soil have been largely washed 
away and the subsoil cut into gullies torrential rains. Many these 
steep slopes which, although unfit for growing grain, might made grow 
much needed timber, are now bare that they shed water almost like tiled 
roof. 

Although forest litter, humus, and forest shade will unquestionably delay 
run-off from rain and snow China elsewhere, the disastrous delta floods 
the Yellow and the Huai Rivers come largely from and topographic 
conditions far beyond forest control. Forestry would protect the hill slopes and 
aid moderating the lowland floods, but the vast Chinese deltas, quicker 
positive safeguards are needed means channel control, new channels, 
and strong dikes, and these methods relatively prompt relief seem feasible 
the speaker whenever funds and proper direction can had. 

seems probable that the new works river training and dike building 
needed for the complete protection certain large areas, which works, although 
extensive, are will cost annually far less than the 
present unreliable structures, and also appears probable that the value 
waste land that can reclaimed these new works could promptly made 
pay back the Government, their entire cost and, addition, bring 
prosperity vast impoverished region, and other regions bring safety 
from impending disaster. All this complete flood protection, however, 
short and simple task, nor can the works properly designed until 
tests and painstaking observations have been made. 

The speaker will present, this paper, various tentative plans for flood 
relief certain localities. Although these plans are the result much study, 
and observation, desires clearly understood that, their present form, 
they are suggestive rather than conclusive, and are subject revision after 
more complete surveys. They are presented now the hope stimulating 
further investigation the immediate future. 
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From north south there are five principal localities within these main 
Chinese drainage basins, shown the map, Fig. which flood relief 
needs intensively studied and great works constructed whenever the 
Government becames stabilized and capital gains confidence that means 
can provided. These localities are, follows: 

(1).—In the flat, level plains the drainage basin that has its outlet past 
the great commercial city Tientsin. This region suffered terribly 
August and September, area about 12000 sq. miles was sub- 
merged, and more than 1000000 people, mostly farmers, are said have 
been driven from their homes. property loss more than 
said have been incurred this one flood with consequential damage 
perhaps $100 000 000. 

(2).—In the delta the Yellow River, Hoang Ho, along the river’s 
400-mile course through the delta. During the historic period 4200 years, 
this region has been ravaged time and again floods one place and an- 
other. These overflows come from breaks the great dikes and occasionally 
cause wide change the river’s source. terrible have been these visita- 
tions that this river often called “China’s The conditions are 
aggravated the silt burden, brought from the vast and easily eroded loess 
deposits the Provinces just stream from the delta, which make the 
Yellow River probably the muddiest great river the world. 

(3).—The Huai River District Kiang-su Province below Wu-hu. About 
sq. miles this peculiarly low and level delta region said 
frequently inundated, with famine often following flood. The land ex- 
ceptionally fertile and normally gives two crops per year, that, for thou- 
sands years, intensive cultivation has been continued spite disasters 
which, sometimes, have brought death thousands and, other times, have 
merely destroyed the second the two yearly crops. 

(4).—Along the Yang-tze River below Ichang. Here, the Grand Gorges, 
the river floods are said rise ft., and below Hankow the flood discharge 
rises about 3000000 sec-ft., which about the same the greatest flood 
discharge the Mississippi River New Orleans, La. The Yang-tze River, 
although turbid, brings down less silt than the Yellow River. Its delta, 
therefore, grows more slowly. Its whole regimen has become well established, 
and the flood problems are mainly those ordinary dikes combined with river 
training mighty and forbidding scale, because the depth and volume 
water. The charts show dozens spots where the swirl the flood cuts 
pools more than 100 ft. deep, and light problem work out shore 
protection that will hold deep bank soft fine-grained river silt when 
attacked the undercutting such flood. 

(5).—In Southwestern China the valleys the North, East, and West 
Rivers, the country around and back from Canton. Near the important 
City Wu-chow, the great West River said rise and even ft. 
extreme floods, and the rate ft. per hour. 

(6).—The improvement navigation also presents incidental problems 
flood scour, addition those protection from inundation. There 
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are particularly great and difficult problems river training for improving 
navigation, and problems utilization flood flow for scour channels 
for harbor improvements, found the Yang-tze near Shanghai, the 
Min River near Foo-chow, and all along each these five six great silt- 
bearing rivers China proper. The great depth the silt deposit gives 
unlimited scope for the river scour its bed deeper when confined gen- 
erally straight and narrow way. 

(7).—Outside the limits China proper, the northeast Manchuria, 
there are great flood problems along the Liao River which rises the Mon- 
golian slopes and brings down silt that forms harbor bar New Chwang. 
the other side, 17000 miles away, straight line the southeast, 
French Indo-China, the lower course the Red River presents serious flood 
problems which the French Government said considering. 

Besides the large problems cited, there are many smaller ones drainage 
basins from 100 miles 100 miles extent, that are almost too 
small show the map all China, which floods may come once 10, 
20, years, that are terrible enough the many people living little 
farms little villages their path. Examples them were found 
course the Grand Canal surveys along the Wen River and the Red 
Cross. reconnaissance the River. Doubtless there are hundred 
these minor areas fertile and densely populated parts China, each 
which has its own important flood problem which can solved 
bring greater measure security and happiness, whenever the Government 
becomes stabilized, broader community spirit developed, and when the multi- 
tude young Chinese, now studying modern engineering methods home 
and abroad, are given the means wherewith work. 


ANCIENT CHINESE PROTECTION 


The Chinese have had contend with the problems flood control 
dikes during their whole historic period about 4000 years and have de- 
veloped some wonderfully good technique many matters dike building 
and the repair dike breaks. Although the science river training, 
they (and all engineers) still have much learn, they have, many great 
works, shown skill hydraulic engineers. They have had some the most 
problems the world with which contend. 

One their most venerated men, the half-legendary days 
years ago, was Yu, their great hydraulic engineer, whose memory many 
temples were built and who, after period trouble, was entrusted with 
the conservancy rivers throughout the country. regulated the waters 
wisely, said, that with his precepts faithfully followed there was 
serious trouble for more than 1000 years until “the period the warring 
States”. Tradition says, “Yu labored thirteen years, sparing neither trouble 
nor fatigue, nor even once entering his own home, though passed three 
times before its door.” That “he had boats for travel water, chariots for 
travel land, sledges for mud, with relays men draw them.” “He dug 
nine great channels conduct the waters the sea,” and supposed 
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have organized the building great systems dikes. the great fertile 
Province Szechwan, many travelers have described great irrigation works 
and flood channels planned 2000 years ago engineer, whose rules are 
said still implicitly followed. Tributary the Grand Canal, Tai- 
tsun-pa, there feeder dam, which the speaker has examined, masonry 
resting small piles driven into soft sand foundation, that was admirably 
built about 500 years ago. The sea wall, coursed cut stone, ft. high, that 
protects the coast for many miles easterly from Hangchow, structure built 
about 400 years more ago, which any modern engineer might proud. 
The fact that, during years, the great restless Yellow River was held 
its course silted bed several feet above the level the ground either 
side, within dikes built soft friable river silt, carefully consolidated 
tamping and protected from the erosion impinging currents many places 
only groynes and revetments earth bound together with perishable millet 
stalks, speaks volumes for the skill and resources these Chinese “Old 
Masters.” 


PRELIMINARY SURVEYS PROGRESS 


all the localities previously mentioned, investigation now being 
under the Chinese Government; but everywhere this work seems 
mostly the surveying rather than the engineering stage. far 
easier make tolerable survey than make good design and then 
establish confidence it; and one gets impression that the authorities 
having certain these matters charge are staggered the size, com- 
plexity, and uncertainty their problems, are floundering “Slough 
Despond”, may forced, pressure the public demand for “making 
the dirt into constructions that will not stand the test time, and 
which they themselves may have doubts. The data collected these surveys 
and investigations are few comparison with the vast territories China 
affected flood. 

For investigations within the Hai River Drainage Basin, following the 
great Tientsin flood September, 1917, the Chinese Government organized 
the Chihli River Improvement Commission which, under the guidance 
English, American, and Chinese engineers, including three members this 
Society, has, for about four years, been making and hydrographic 
surveys, from which data, works may planned later. 

All along the Grand Canal Shantung Province, the China Grand Canal 
Improvement Board, under the supervision American engineers, members 
the Society, has made extensive topographic and hydrographic surveys, and 
reconnaissance survey the Yellow River’s course and its dikes for 200 
miles stream from the Grand Canal crossing. Plans have been devised for 
the immediate reconstruction 253 miles the Grand Canal, whenever 
this work can financed; but from lack funds, owing the difficulty 
selling Chinese bonds under present disturbed political conditions, the en- 
terprise now marking time. 

Along two three portions the 400 miles the Lower Yellow River 
within the delta plain, the Provincial Conservancy Boards are making out- 
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line surveys the river’s course and its dikes, but with little attention 
accurate hydrography levels. Meanwhile, the Chihli River Commission 
gauging the Yellow River flow and measuring, frequent intervals, the 
percentage silt that carries, the Tientsin-Pukow Railroad Bridge. 
The daily height the Yellow River recorded also the Peking-Hankow 
Bridge, 302 miles stream. 

Kiang-su Province, under the leadership one the most remarkable 
men China, His Excellency, Chang scholar, Confucian 
philosopher, captain industry, and philanthropist, full the spirit 
service his fellow men—who seeks means for protecting his Province from 
floods, much the delta land being covered survey made 
wholly Chinese surveyors, that has been progress for ten years, with 
contours over large critical areas. This accompanied occasional, 
more less accurate, river-flow gaugings. 

For several years, the Harbor Board Shanghai, controlled chiefly 
the English, American, and French commercial interests, with view chiefly 
the improvement navigation, has been making excellent systematic 
and thorough survey the neighboring Yang-tze River and its small tribu- 
tary river, the Whang-poo, which Shanghai situated. 

Foo-Chow, some good river-training work said progress, 
mainly for improving the entrance from the sea the harbor. 

Southwestern China, along the great West River and other rivers near 
Canton, some excellent preliminary hydrographic studies relative both navi- 
gation and flood problems have been progress for five years, charge 
Capt. Olivecroner, Swedish engineer. 

whole, the outlook for important construction, everywhere, poor, 
because internal political conditions, the impossibility the present Gov- 
ernment securing adequate funds, either internal taxes outside loans, 
and the lack community spirit, but the speaker believes that sooner 
later China will find way work out its own salvation, and that the present 
stagnation will suddenly change. 

Although China proper presents range latitude and longitude about 
equal that the United States east the Rocky Mountains, this paper 
will confined the first three problems previously mentioned, which are 
found the northeastern delta plain China, north the Yang-tze River, 


within area, which, map the United States, would about cover 


triangle with corners Buffalo, Y., Boston, Mass., and Washington, 
First the flood problems the Yellow River, “China’s Sorrow”, will briefly 
discussed. 


THE YELLOW River DELTA 


far the largest the Chinese deltas that the Yellow River which, 
with radius about 400 miles and apex angle about 90°, from its 
mountain exit, slopes seaward with wonderful uniformity the rate in. 
per mile measured straight line, about in. per mile measured 
along the river’s winding course. Through millions years this delta cone 
has been built deposits fine-grained silt, brought down the floods 
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from the vast loess deposits Shansi and other Provinces. The flatness 
the surface this vast delta-cone the cause the great width and wide 
range which flood may spread when escapes from the river’s dikes. 
This flat slope may due the extreme fineness the particles silt, 


ste “iy 


YELLOW 


STATUTE MILES 


mostly derived from the erosion vast beds loess, supposed 
be. accumulations wind-blown dust, that originally came largely from the 
vast Gobi Desert. moderate current can carry this fine-grained material 
long. way. 
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The Yellow River not large volume, compared with other great 
rivers the world, although about 2350 miles long, without counting 
the minor bends, and drains about 305000 sq. miles. Within the historic 
period about 4200 years, the Yellow River has meandered and shifted 
from north south, and back again, through this delta plain, the 
nine widely divergent channels shown Fig. 

The courses followed these migrations appear have first been brought 
the attention the outside world the American explorer and geologist, 
Raphael Pumpelly, about 1865, series small maps. The speaker had 
the map, which presented reduced scale Fig. prepared China, 
1919, tracing sheet about ft. square, the several courses laid down 
series Chinese maps brought his attention the engineers the 
Chihli River Improvement Commission. These maps were the work 
Chinese historian about 100 years ago, who based them the investiga- 
tion Chinese author about 200 years ago.* The Chinese have had 
some remarkably painstaking scholars and historians. 

When complete topographic map China large scale prepared, 
many additional details will probably secured, because when one travels 
across the delta, many depressions, sand dunes, abandoned dikes, and other 
indications ancient channels are found. Many town and provincial records 
have been kept for centuries, which note changes and floods with evident care. 
important that all these sources data searched and that complete 
contour map made all the delta, showing all ridges and drainage channels, 
basis for many possible improvements; but the solving the main problem 
flood protection need not wait for this. 

Since time immemorial, the river floods have been confined between dikes 
built river silt, well-tamped into place, which dikes are guarded from 
erosion, wherever the river threatens, spur-dikes groynes commonly 
built with facing loose stone rip-rap over core earth and millet 
stalks, but sometimes built only bundles millet stalks, tied together 
with straw ropes, packed with earth, and pinned down with small stakes. 
This turning away impinging flood spur-dikes made easier the 
great width open ground between the dikes, which area largely made 
unavailable for agriculture the danger flooding. some the 
higher silt banks the flood-plain between the dikes, the farmer often sows 
his seed and takes chance loss harvest the annual flood arrives early. 


general, along the upper 200 miles within the delta, and shown 
Fig. these inner dikes are from miles apart, although the necessary 
channel width ordinary stages only about mile, and for floods, less 
than mile. The water sometimes spreads thin sheet over the elevated 
terrace silt deposited between the normal shore line and the dike, much 
greater width than mile, sometimes the entire width between the inner 
dikes; but there are localities, Wei-chia-shan and Chang-kou, where the 
river happens confined between rocky hills projecting through the deep 
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silt deposits, and here flows apparent comfort channel having 
flood width only about mile, without abnormal fall, over bed easily 
erodible any necessary depth. Careful study soundings and velocity 
measurements made these localities proves that mile ample width 
channel for carrying the greatest flood, and indicates that one-third the 
length the magnificent, German-built bridge the Tientsin-Pukow Rail- 
road, Lo-kou, would have sufficed, with great saving cost accompanied 
some adequate simple river-training works. 
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This great excess width between dikes beyond that necessary for the 
flood channel or, for example, miles instead mile, gives space for 
ever-changing meander between these widely separated dikes, and when the 
bank threatened erosion this space permits the river deflected away 
from the dike long new course means new spur-dikes. This method 
obtaining safety, while convenient, extremely wasteful land. The 
speaker believes that great saving land possible and that, methods 
described later, the safety against the outbreak flood can greatly 
increased. 

1919, the Grand Canal Improvement Board, the course investiga- 
tions supervised the speaker, surveyed and ran levels for several hundred 
miles along the Yellow River dikes and leveled cross-sections across the 
channel between the dikes, and extended these levels several miles across the 
plain outside the dikes, that positive information many places now 
available the relative elevations river surface and the ground out- 
side, and, also, the slope the river flood and drought, known. 

December, 1919, the speaker cruised small boat, many miles down 
the river from near the apex the delta, studying the dikes, currents, 
channel, sand-bar formations, and sites some the most famous dike 
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breaks, particularly those 1869, 1887, and 1851. There seems hardly 
5-mile stretch dike that has not been breached within the last few centuries, 
the loops and groynes may taken evidence. 

This excessive width between dikes prevails mostly within the up-stream 
215 miles the river’s course within the delta. the new course down near 
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the old and new Grand Canal crossing, the inner dikes are little more than 
mile apart for distance miles along the river, but, here, the bed 
not elevated above the plain outside the dikes. Seventy miles farther down 
stream, below the Tientsin-Pukow Railroad Bridge, the inner dikes average 
only about miles apart for the first miles below the bridge and about 
miles apart for the next miles, according the map Capt. Tyler’s 
report 1905. 
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example the relations channel, main dike, loop-dike, and spur- 
dike, shown Fig. which was traced from Chinese conservancy map 
the part the river near the boundary between Chihli and Shantung 


Provinces, and begins about miles down stream from the end the 


tion shown Fig. reproduced because typical many miles 
dikes. The sites threatened actual breaks, more less ancient, are 
shown loops adjacent dikes built either part the scheme regain- 
the river undermine and cut through the dike are shown the succes- 
sion stone groynes spur-dikes, which were constructed, more less 
hastily, deflect the river from the threatened dike. 
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The general form and dimensions these Yellow River dikes are shown 
the photographs, Figs. and 10. Fig. shows the outer side the main 
south dike the site the break 1887, described subsequently. Fig. 
dike gullied rain, showing the friable nature the earth. 

Plate and Fig. show several cross-sections surveyed 1919 approxi- 
mately right angles the river’s course, order find the relative eleva- 
tion the river and that the broad plain outside the dikes, and serve 
explain the tendency the Yellow River break out, cause terrible floods, 
and change its course across the river bed. These sections give the first 
published accurate instrumental levels wide range across the dikes and the 
outside plain the Yellow River. The gross exaggeration this scale, 
1000 vertical horizontal, should kept mind while examining these 
cross-sections. This magnification vertical scale was required make 
plain the differences elevation country extremely flat that the 
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Cross Section 200 Meters below = 


eye appears vast level plain. Plate shows greater width the plain 
than Fig. which larger scale and shows sections above and below 
the break and change course 1851. 

Some those cross-sections special interest are that San Chai, 
Fig. 12, taken miles above the great break, which shows plainly the super- 
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elevation the river bed above the plain, and those at, respectively, miles, 
miles, and miles, down stream from the break, which show elevation 
the river bed above the plain. 

There has been much controversy among American engineers, interested 
the Mississippi levees, about the super-elevation the bed the Yellow 
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River above the outside plain, and some good men high authority have 
denied its existence. The proof now available. The facts are that for 
miles more length, above the outbreak 1851 and along the old course 
below this outbreak, the river bed slightly above the plain, whereas, along 
the new course, slightly below the plain. 

The three sections the top Fig. are along the new course and 
those lower the diagram are along the old course. All are drawn looking 
down stream and are arranged regular order with the sections farthest 
down stream, farthest east, the top the diagram. 

These cross-sections surveyed 1919 indicate that for about miles 
its length through the delta, from the Peking-Hankow Railroad down 
near the great break 1851, the flood surface the river about 
ft. higher than the level the ground outside the inner dikes, and that 
the low-water surface about ft. higher than the ground outside 
the dikes; they also show that the normal bed the river low stages, 
averages about ft. higher than the general level the country, this bed 
probably having been raised few feet deposits silt, provide the 
needed slope for overcoming the friction the increased length, the river 
built its mouth farther out into the sea with the silt deposits centuries. 

Sections taken the Kiang-huai Chinese surveyors along the abandoned 
channel the Yellow River easterly from the Grand Canal Kiang-su 
Province, which the Yellow River flowed for 528 years until 1851, show 
that the super-elevation the river here averaged about the same that 
just described above the break 1851, and thus curiously differs from the 
condition without super-elevation below the break 1851, where the river 
has now been flowing for years. 

longitudinal profile along the river surface and along the tops both 
dikes also has been made from this reconnaissance survey. This profile 
shows remarkably uniform general slope the river surface, except that 
there drop about ft. more than normal, within few miles the 
break 1851, resulting largely increased slope for this distance. This 
worthy careful examination the field, and why has not cut back 
further and lessened this slope remains explained. Both the north and 
south river dikes are higher and thicker along the old course above the break 
1851, than along the new course below it. 

general, the accurate levels 1919 confirm the statements the 
English engineer, Morrison, and those the Dutch engineers, Von 
Schermbeck and Visser, who visited the break 1887 1888 and 1889, 
respectively, and reported the river bottom about ft. above the level the 
plain, and they disprove the statements Gen. Wilson based observations 
with only hand-level, that super-elevation bed existed the site 
the break 1851. None these previous observers seems have had the 
means for widely extended accurate leveling. Also, the speaker’s recon- 
naissance disproved the old idea that there double set good dikes, 
outer and inner, most the way along the Yellow River, safeguard 
against the coursing flood far across the country, 1887. 
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ABSENCE OUTER DIKES 


Within these regions super-elevation river above the outside plain, 
which extend along the present course the river for perhaps miles 


down stream from the Peking-Hankow Railroad Bridge, greater danger 


involved the rupture dike, particularly the south side where 
outer line dike exists; and will noted from Fig. that most the 
migrations have started their new course from outbreaks this region 
super-elevation bed. There outer line dikes farther down stream, 
the south side. 

Along the north side the river, near the apex the delta, the so-called 
north outer dike the present channel seems south dike more 
ancient channel and below the break 1851 the so-called south outer dike 
possibly may one the dikes the river’s course 1194 1289; and 
this ancient abandoned river channel may have provided the site for 
ancient canal described the old records existing that vicinity. These 
outer dikes not parallel closely the inner dikes, but are irregular and, 
some localities, ten miles away from the inner dike. general, the loca- 
tion existence this outer dike would seem present more matter 
the accidental position ancient river course than design for present- 
day protection. Nevertheless, these outer dikes sometimes serve useful 
purpose checking the course flood that has broken through the inner 
dike and example such checking and turning back minor flood 
will given subsequently. 


River 


The flood discharge the Yellow River from 200000 300 000 sec-ft. 
and perhaps more, few times each century. 1919, flood higher than 
any the preceding ten years, had peak discharge about 280000 sec-ft., 
which about the same the maximum flood volume the Mississippi 
above the confluence the Missouri. The ordinary low-water flow about 
and continues ordinarily from October May. Although the 
discharge from low water high water thus increases twenty-five-fold, the 
mean velocity increased only about two and one-half times. The necessary 
increased area cross-section obtained partly the rising and spreading 
the waters, but largely also the river digging its bed deeper and wider, 
will described later. 

This flood volume the Yellow River only about one-tenth the flood 
volume the neighboring Yang-tze River, but, nevertheless, mighty 
flood and continues high from one two months. The main flood the 
year comes any time from July September, and caused mostly 
rains melting snows the mountains and valleys, hundreds thousands 
miles stream from the apex the delta. Sometimes, brief important 
floods may come from heavy rains the near-by mountains. 

The log typical high flood, the highest ten years, given Fig. 
good idea may had the variation from year year range, 
height, and duration, from the daily stage records, kept since about 1908 
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the two railroad bridges, which show that the main flood may come 
any time from July September, but most commonly occurs August, and 
continues for about five eight weeks. 
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isohyetal map China (Fig. 25), presented subsequently this 
paper, connection with Kiang-su problems; but rainfall studies give little 
aid the flood problems the Yellow River. 
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remarkable fact that the Yellow River receives tributaries within 
its long course 400 miles through the delta, with the exception the 
Ta-ching Ho, the bed which usurped 1851. Obviously, they could not 
get through the dikes. Moreover, here, most deltas, and shown 
Plate XX, the river flows along sort crest, with the ground right 
angles both sides falling away slope, imperceptible the eye, 
only in. ft. per mile. This outward slope the flat delta cone obviously 
leads away from the river, the water pouring out through break the dike. 
This makes the control the river, the repair breach dike, 
particularly difficult, and gives the Yellow River outbreaks, spreading side- 
wise, down delta cone, character different from those ordinary river 
coursing down valley. 

When flood makes complete breach dike and escapes large 
volume the lower level the ground outside, quickly cuts deep channel 
the point exit, which soon may become gap mile wide, and 
serious matter get the river back into its bed, particularly localities where 
the bed few feet higher than the ground outside the dikes. Once 
each few hundred years has proved impossible force the return the 
river its previous course, 1851-53. came near being impossible 
1887. 

Remarkable ingenuity and skill, gained from centuries experience, 
shown closing large breach. general the method the Chinese 
engineers, described the speaker Messrs. Charles Edmunds and 
Tyler, the latter retired sea captain who was for many years the 
Chinese Coast Inspection Service the Maritime Customs, narrow 
the breach building out from the two ends with struc- 
ture, skillfully made crossed bundles large millet stalks (Kao-liang) 
bound with bamboo straw ropes, pinned down small stakes, packed with 
river silt, and commonly weighted with more less loose stone about 
cu. ft. volume. Meanwhile, short spur-dikes slight angle down stream 
are built deflect the current away from the new work. extraor- 
dinary tribute their skill that the use such weak and perishable ma- 
terials Kao-liang stalks and straw ropes, they can narrow the gap about 
100 yd. after being aided the subsidence the flood. This Kao-liang 
giant millet has stalk about ft. tall and in. diameter, with thickly 
matted bunch roots about in. diameter. resembles the sorghum 
plant shape and size. The bunch roots placed outward, against the 
impinging current. 

For the final closure, many great ropes bamboo fiber are stretched 
across the gap, which finally plugged either lowering into it, 
floating into it, sort gigantic thick raft, skillfully built great bundles 
millet stalks bound with bamboo ropes and held and guided perhaps 100 
bamboo each nearly in. diameter, all constituting exceedingly 
bold operation. soon the current has been thus checked, thick rein- 
embankment earth and stones rapidly constructed front and 
rear, thousands men with baskets earth; which next protected 
stone rip-rap, and, meanwhile, the river deflected away from the new em- 
bankment the construction spur-dikes. 
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Some OUTBREAKS 


way further demonstration the vast importance finding 
method solving China’s flood problems the many millions people 
inhabiting this vast delta between Kai-feng, Tientsin, and Chin-kiang (possibly 
more than the total population the Buffalo-Boston-Washington triangle, 
for the great city populations New York, Boston, Buffalo, are out- 
numbered the density China’s farm population), the following cases 
serious floods from outbreak the Yellow River are briefly stated. 
recent the opening that vast country foreign engineering in- 
spection and imperfect have been the means transmitting information, 
that the facts have been little known the outside world. 

The three most noteworthy outbreaks the Yellow River recent years 
which details are available are follows: 

great break years ago, which changed the river’s course 
for 270 miles, shown Fig. This break occurred during the summer 
flood 1851, but the water seems not have been completely diverted into 
the new channel until 1853. The new course this flood laid waste stretch 
prosperous country about miles wide, and about 140 miles long, 
nearly sq. miles, and the escaping waters were not gathered into 
narrow channel between dikes for this 140 miles below the break until about 
quarter century had passed. record now known the thousands 
people who perished, the great value the property ruined and the 
fertile farms destroyed along its path. 

This diversion from the course that had been followed for 628 years also 
caused disaster many thousands farmers living along the deserted river 
bed depriving them their previous water supply. 

break years ago, which cost more than 000 lives 
and vast property damage, came near causing permanent diversion and 
was repaired after years mighty efforts and great expenditure. 

break about miles below Tsi-nan (or “Chinan”), 
which described Capt. Tyler his pamphlet* the Yellow River. 
This outbreak deposited bed silt said from ft. thickness, 
over much inundated area about 200 sq. miles, and caused such ter- 
rible distress call for organization famine relief from foreign sources. 


DETAILS THE GREAT 1851 


said that foreigners first heard this break years after occurred, 
and that more years elapsed before anything definite about the cause the 
river’s change course was known the outside world. The first visit 
European learn what had happened 1851, was made years after the 
catastrophe, English merchant scientific education, residing 
Shanghai, Mr. Ney Elias, who visited the new course and the scene the break 
October, 1868, and reported his findings the Royal Geographic Society 
England, which published his 


Published 1906, the Maritime Customs Office Shanghai. 
Journal, Royal Geographic Soc., Vol. (May 5th, 1871). 
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For many miles stream from the site the former course the Grand 
Canal, found the new river flowing irregularly over strip country about 
miles width, which had the appearance field, inundated and 
laid waste, rather than that ordinary river channel. The strip, thus 
laid waste, probably was miles long. From miles stream, from 
the break, the river was flowing single, well-defined channel, where the 
shifting currents had deposited low, wide embankments perhaps 
ft. deep, from which protruded half buried houses and temples. The river 
between the newly-made banks silt deposit about ft. high, 
with its bed about the previous level the country. Between the hills 
Yu-shan and Chiau-kou, the northwest corner the Shantung Mountains, 
where the escaping waters found and usurped the ancient channel the Ta- 
ching Ho, the waters were again gathered together and flowed the sea, 
greatly swelling the volume the Ta-ching River. Some reports state that 
the silt-laden water raised its deep-cut bed deposits silt; other observers, 
including Mr. Elias, reported that the added flow had cut the Ta-ching wider 
and deeper. Probably the discrepancy was due different localities observed. 
Mr. Elias proceeded down the Ta-ching where entered the sea learn 
its possible availability for navigation. The lower miles was found 
flowing through low uninhabited mud flats, deposited from the river’s 
burden silt. The report Mr. Elias admirably clear description, 
which impresses one with the author’s keenness observer. 

Mr. Elias made second visit for the purpose exploring new con- 
nection said have been established 1868, between the Yellow River and 
thé Yang-tze via the Sha Ho’and Huai River, through break the south 
dike miles stream from the City Kai-feng. found, however, that 
the breach had been repaired and that boat navigation was stopped early 
1870, after more than year flow through breach mile wide, but not 
deep. Mr. Elias, his second paper, discusses the merits turning the 
Yellow River back into the course had followed prior 1851, and calls 
attention the great hardship that had been suffered the large populatiom 
along the old course the river, being deprived water for irrigation 
and navigation. large migration thus brings disaster 
millions people along both the old and the new courses, because this fertile 
delta populated many places densely that farm acres has 
provide the support family. 

About ten years later, the new course was visited prominent English 
engineer, Mr. Morrison, who made outline survey and map. The 
multitude shallow shifting irregular streams flooding miles 
width, found Mr. Elias, had then been gathered into single stream between 
dikes, had gathered itself, into this single, narrow channel its erosion 
its bed slightly below the general level the plain now found and shown 
the top sections Fig. 12. 

outline map the region near the break 1851, early 1919, 
given Fig. 14. The speaker visited this locality December, 1919, and 
found the broad and such low relief that was difficult for 
one the field take the relation one part another. Although the 
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chief events are plain, will require much closer and more detailed topo- 
graphic map than yet available, and week the field, map hand, for 
tracing out detail just what happened where the river changed its course. 
The river, breaking out the north, found country about ft. lower 
elevation than its former bed, over which could flow, and over this, ill- 
defined shifting channels the flood ultimately reached the Valley the Ta- 
ching Ho, within which, the records show, had flowed for least about 
miles, perhaps reaching the sea the Hsiao-ching Ho, about six centuries 
before. 

stated previously, the escaping flood 1851 usurped this Ta-ching 
channel and the course years, filled some miles length its bed 
with silt almost the general level the ancient delta plain, the depth new 
silt thus deposited Lo-kou being about ft., according borings made 
for the railroad bridge. Possibly, the “Ta-ching” “clear-water” river, which, 
although small, sometimes gives brief violent floods, six centuries effort 
had this part the channel bed below the elevation that pos- 
sessed when occupied the Yellow River from 1194 1289. 


Some DETAILS THE 1887 


The outbreak 1887, already mentioned, has been described the English 
engineer, Morrison.* says, “the breach through the dike was full 
mile width and the flood swept onward toward Hun-tze Lake and the Huai 
River, inundating strip variously estimated miles width, 
carrying away houses and villages and parts walled cities.” 

Mr. Morrison reports that the breach occurred September 29th, 1887, 
but was great that had not been closed when the next year’s flood came 
June, earlier than expected. All repair work the previous months, which 
had cost vast sum, was wasted, but the Chinese began resolutely again and, 
declining follow foreign advice, adhered their own ancient methods. 
the time his visit (September 1st, 1888), they had narrowed the gap 400 
ft. through which flowed eddying current about miles per hour (10 ft. 
per concluded that the original bed the river was about ft. 
higher than the level the plain outside. The flood surface, course, was 
much higher. His soundings showed depth ft. the breach and 
deep gully for some distance inside and outside. 

Mr. Morrison reports further, that the new banks were faced with Kao-liang 
stalks firmly packed earth and that these millet stalks were brought, 
some cases, wheelbarrows from farms miles away and that the earth for 
the new dike was all brought baskets. 

The final closure was made mattress Kao-liang stalks and earth 
thoroughly bound together, suspended from many great bamboo fiber ropes 
across the breach, and lowered into place. The closure was completed 
February 2d, 1889, and was greatly aided low stage the river and 
strong ice cover. 

Fig. shows the interior temple that celebrates the closure the 
break 1887. Gordon describes this flood covering strip 


Engineering (London), March 1893. 
Leisure Hour”, pub. aboyt 1888. 
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miles wide, having area 000 sq. miles, and flooding destroying 000 
large villages, with probable loss life 000: and states that the flood 
continued high for two months and that the Chinese Imperial Treasury 
donated 500 000 for relief. 

The speaker visited the site December, 1919, and has profound respect 
for the skill that under such difficulties could achieve success with such poor 
structural materials, such simple tools, and nothing but non-cohesive, fine 
sand with which build this vast thick dike ft. above the plain. Fig. 
shows the site the speaker found it, looking outside the dike across the 
gully the flood. 


Some features the outbreak 1902-03, the lower river, are given 
Capt. Tyler’s report the Yellow River, mentioned elsewhere this paper, 
and some the chief items interest have been quoted previously. The 
breach occurred September 12th, 1902, near the end months 
and continued months and days. attempt closure January 2d, 
1903, soon after the flood had subsided, was frustrated the capsizing the 
mattress raft with which was planned close the final gap. Capt. Tyler 
states that damage, maintenance, and expense closing this breach, the 
Yellow River cost Shantung Province 1902. attempted 
estimate the vast volume silt deposited, after observing few localities 
and seeking information from the natives regarding the other localities. 
concluded that average depth ft. over the 200 sq. miles might perhaps 
true. 3-ft. depth 200 sq. miles would about 400000 acre-ft., 
quantity vast that the speaker cannot quite credit after computing the 
probable discharge water and its probable proportion silt, carried 
various stages, and considering that the outflow was mostly after the flood 
had largely subsided. 

The colored illustrations Kao-liang dike protection and groynes the 
little book Capt. Tyler,* are the finest that the speaker has ever seen. The 
book contains many interesting and valuable data regarding the Yellow River 
between Lo-kou and the sea. sounding, Capt. Tyler found maximum 
depth ft. the channel pools the low-water season and some places 
depth great ft. against the bank, with slopes 45%, partly decom- 
posed Kao-liang, which recommended that facing rip-rap applied 
providing the most efficient and economical maintenance. His chief recom- 
mendation was that the low-water channel straightened groynes and 
silting the eddies below the groynes, and that the erosive power the 
river all seasons, should thus prevented from acting the main dikes. 
also suggested system temporary detention reservoirs along the river 
the upper part the delta, which flood water might detained and silt 
impounded for raising the general elevation the ground. 

Capt. Tyler states that has recently found unreliable some the 
information given him 1902 the rate the filling the Ta-ching 


“Notes the Yellow pub. the Imperial Maritime Customs, Shanghai, 1906. 
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since the incursion the Yellow River, which quoted this report 
1906. The actual filling much less. gives much other interesting 
general information the Yellow River down stream from the crossing the 
Tientsin-Pukow Railroad. About years after the incursion the Yellow 
River, and after the bed the old Ta-ching Channel had become more less 
raised, dikes were built from miles apart, enclosing the enlarged river. 
Later, the riparian farmers, desiring reclaim the land, were permitted 
build, without much system control, inner dikes only about mile apart. 
These dikes, the course time, became the main dikes and the outer dikes 
were neglected. The river floods now rise about ft. above the general delta 
level and are restrained the inner dikes. 


Down stream from the outbreak 1851, along the new course, far 
the confluence the Ta-ching Ho, the surface the Yellow River, when 
not flood, not elevated above the surrounding country, has been previ- 
ously stated and shown sections the top Fig. 12. outbreak 
1919, shown Fig. 13, interest illustrating the small danger 
permanent outbreak that part the river the bed which not elevated 
above the surrounding country, and showing the efficacy the outer dike. 
Nevertheless, this particular flood spoiled the crops 125 sq. miles, surrounded 
560 small villages, drove out 217000 people, and destroyed property worth 
$350 000. 

this the inner dike probably had been neglected, gap having been 
worn the road across the top was found the rapidly rising flood which 
was higher than any the preceding ten years. The outrush water cut 
deep channel the point exit and then spread broad thin sheet, flowing 
southward, ruining growing crops the intensively cultivated little farms, 
until intercepted about miles away the south outer dike, along which 
flowed about miles parallel with the main stream, until caught angle 
between dikes, where, reason the inner, river, dike being lower than 
the cross-dike, the flood broke its way back into the main channel. 

Fig. shows some typical channels, which appears that the water 
tends gather itself means its power erode the soil and carry 
suspension; but the general effect these outbreaks spread broad 
stratum sediment over nearly all the country inundated. 

peculiarity the Yellow River sediment its remarkably rapid and 
almost complete subsidence still slow moving water, therefore this 
stratum thin under the pools farthest removed. Care was taken measure 
the depths many places and the results are shown typical places the 
map. general, the depth over the local surface was about in. and along 
the gullies about ft. rough estimate gave total volume about 
12000 acre-ft. sediment deposited about 60000 acres. The Chinese 
engineer who made this reconnaissance, found difficulty measuring the 
precise depth sediment and, obviously, saw only small part the sub- 


| 
| 
4 


Papers. FLOOD PROBLEMS 1141 


merged 125 sq. miles his rapid trip around the edges and down the gullies; 
the figures, therefore, Fig. are considered illustrative and not 
definite measure the whole. The average depth was only one-fifteenth 
that reported Capt. Tyler from the outbreak 1902, notwithstanding 
the water the time this 1919 break was carrying, weight, about 
sediment; but here, 1919, only small portion, perhaps 20%, escaped 
from the main channel and this stopped flowing soon the river stage fell 
below the level the country; whereas, 1902, the whole river broke out, 
and continued out its channel for six months. These two divergent 
instances are quoted illustrate that one must not hasty generalizing 
about silt deposits from outbreaks until all the facts are known. 


ANCIENT 


research among the city, provincial, and National records, probably would 
give story hundreds outbreaks and show that one place another 
along this 400 miles the Yellow River’s course, for several thousand years, 
the population far and wide over this vast delta has lived great danger, 
which danger exists to-day. 

illustrate the care with which the Chinese keep records even the 
smaller towns: the little Town Lan-yi, near the great break 1851, the 
speaker asked the magistrate about previous breaks, and few hours later 
had reviewed the town records for the preceding 200 years and presented 
concise statement about dozen important floods outbreaks that 
immediate vicinity. 


Tue Report THE YELLOW River 


Because the heavy floods the Yellow River delta the autumn 1887, 
reconnaissance was made 1889 the Yellow River through the delta, 
the request the Imperial Government, two Dutch engineers, Von Scherm- 
beck and Visser, and under the general counsel Mr. Finje von Salverda, 
eminent Dutch authority rivers and harbors. Mr. Finje did not himself 
visit China, but wrote sixty-page introduction, comprising many observations 
Richthofen and sundry philosophical The interesting report 
his agents adds little precise information that given Elias and Mor- 
rison, but confirms their statements. Visser and Von Schermbeck 
express opinions favorable training the river, and state that limiting 
width might advisable, noting that Tsi Ho, few miles above Lo-kou, the 
river got along very well channel only 1770 ft. wide. They agree with 
Mr. Morrison that, the break 1887, the bottom the Yellow River 
originally was about ft. higher than the ground outside the dikes. They 
record their observation, which confirmed the speaker’s surveys, that “the 
whole the new course from the great breach 1852, below the 
general level the country immediately adjacent the river” and list sixteen 
outbreaks through the Yellow River dikes years and Chihli, 


54 
: 
q on 
4 
7 
* 
4 


1142 FLOOD PROBLEMS 


Past SAFEGUARDS AGAINST YELLOW River 


From time immemorial, the maintenance the Yellow River dikes has 
been one the principal functions the Government each Province. 
Capt. Tyler states that until 1901 the whole river was charge one office, 
the River Viceroy, and that since then each Provincial Chief responsible 
for the section river within his Province. The conditions and methods 
described Capt. Tyler doubtless prevail largely to-day. Shantung, 
1903, found three river Taotais controlling, respectively, the upper, middle, 
and lower thirds, and each Taotai had under him six military captains who 
were practically the resident engineers. Taotais and captains had been 
brought from youth this river work, and met several who had been 
employed for years, and who remembered conditions along the. Ta- 
ching prior the invasion its bed the Yellow River, earnest, careful 
men eager for new ideas, but extremely conservative following ancient 
practice. Each captain had charge only one side the river. pro- 
tecting his bank, deflected the river against the opposite bank, that was 
the affair the opposite captain. The speaker presumes that the care given 
under the Imperial System may have relaxed some sections, with the dis- 
turbed political conditions recent years. 

1906,* Capt. Tyler estimated the expenditures the Yellow River 
taels annually, equivalent about $2500000. estimated the 
annual destruction property the river’s floods about 
without including the great catastrophes 1851 and 1887. 

Capt. Tyler’s report gives interesting account current practice the 
lower river down stream from the Tientsin-Pukow Railroad 1903, showing 
forms shore protection and method closing break. The groynes 
shown him are constructed from Kao-liang, millet, stalks, but their 
purpose the same that the stone groyne shown Fig. The shore 
protection, that the natives call the “fish-scale” type, built also millet 
stalks, tied, pinned, and packed together with earth tamped into the interstices. 
The serrated form Kao-liang bank protection considered 
Tyler deliberate design, preference smooth face, and that this 
preference based experience with this perishable material, which has 
stalk about ft. tall, that weak and composed mostly pith, but which has 
mat firm strong roots that are placed outward the embankment receive 
the impact the current. course year two, the Kao-liang rots the 
river rises and falls and “pakwerk”, ft. high, may settle long 
the river persists its attack this particular piece bank the protection 
Kao-liang renewed placing more the top. The mat Kao-liang 
that settled and compressed below the low-water level may last long time. 
many places, the Kao-liang groyne faced later with rip-rap stones 
averaging cu. ft. volume. 

protection works face the earthen main dike, except where the river now 
impinges, where former years has attempted cut through. 


“Notes the Yellow River”, 10, Shanghai, 1906. 
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The remarkable erosive action the bed the Yellow River and the vast 
quantity the fine-grained silt that this river can carry day are “great 
forces Nature” that the speaker would propose “use for the benefit and 
convenience man,” thus fulfilling the traditions Civil Engineering 
defined Tredgold the charter the Institution Civil Engineers 
Great Britain. 

the course investigations the channel the Yellow River* 
preliminary designing its crossing the Grand Canal, has been found 
that, during flood, this river digs its channel deeper and wider most 
remarkable way, and thereby gains the bottom the normal river bed 
much the additional area cross-section required the enlarged volume. 

the flood subsides, silt deposited, refilling the channel and raising the 
bed its former elevation and contour. The speaker was the lookout for 
this phenomenon, because years ago his attention had been called Horace 
Ropes, Am. Soe. E., similar phenomenon certain rivers New 
Mexico and Arizona; also similar. erosion and refill had been observed the 
Colorado Yuma, Ariz., which the speaker had visited and which that 
point and below greatly resembles the Yellow River its silt burden. 

Similar erosion and refill also has been noted English bridge engineers 
certain rivers India, but none these cases previously published have 
the observations been extensive following the changes through the rise 
and fall flood, carefully confirmed every stage, these measure- 
ments velocity, depth, and silt burden, made four stations along the 
Yellow River many miles apart. 

This fact the readiness the Yellow River scour deeper channel 
when properly confined between dikes, taken connection with the prac- 
tically unlimited depth the bed silt which can dig, together with the 
law increase velocity with increase depth, makes feasible 
maintain narrow channel all stages from drought flood, that can 
quickly adjust itself carry large volume flood water. Before discussing 
the training the river new straight channel, however, the proof the 
facts about erosion and refill will presented. 

For frequently measuring the depth, width, velocity, and discharge the 
Yellow River, gauging stations were established the Grand Canal Improve- 
ment Board, 1918-19, the following places: 


(1) Near the ancient canal line Shih-chia-wa. 

(2) possible site for new crossing Wei-chia-shan, miles 
farther down stream. 

(3) another site for canal crossing, miles farther down stream, 
Chian-kou opposite Yu-Shan. 


each these places, systematic current-meter gaugings and soundings 
were made from the low-water stage the spring through the various rising 
and falling stages flood greater than any the preceding ten years and 


*The speaker has preparation paper the “Hydraulics the Yellow 
the characteristics this stream are discussed greater detail than space permits 
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extending into the autumn when the river had nearly fallen its normal 
stage. 


(4) Meanwhile, the Chihli River Commission established frequent 
gaugings the bridge the Tientsin-Pukow Railroad ‘about 
miles down stream from Chian-kou. 

(5) station, about 300 miles stream from Station No. within 
the hilly country stream from the delta, was also established 
the Chihli River Commission for obtaining rating curve for 
cross-section where the bottom the river was supposed 
stable, hard, and not subject scour. 


Spur Dike Top Elev.44,10 
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These several cross-sections were purposely selected having different 
characteristics outline and velocity approach, with view using each 
check the other and guard against being misled abnormal con- 
ditions any one location. 

The results soundings and gaugings all four locations confirmed one 
another most satisfactory way. The more important results for two 
these stations are shown Figs. and 17, which, for clearness there have 
been plotted only few typical cross-section lines for different stages. every 
case, the discharge increased, the river dug its bed enough deeper and wider 
that with the rise and spread the top, the mean velocity the whole 
cross-section never rose above about (or about ft.) per sec. the 
flood subsided, the space thus excavated was refilled with most remarkable 
constancy relation. 
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many other gaugings streams within the China delta plain, the speaker 
has found that the mean velocity the entire cross-section seldom rises more 
than ft. per sec., floods. other words, given material that can 
eroded, the current digs out the bed and carries off the excavated material 
suspension, until has made for itself comfortable channel which 
does not have hurry. 

careful tests were made for finding the truth about the oft-quoted 
statement that near the bottom this and other streams heavily laden with 
silt, there flowing stream soft, semi-fluid mud ft. more thickness. 

The silt sampling means pump and pipe immersed various depths 
showed nothing that kind, but order sure about the speaker had 
special tests made several points near mid-channel under the Lo-kou Bridge 
the Tientsin-Pukow Railroad, with horizontal flat iron disk, in. 
diameter, screwed the bottom long vertical iron pipe about in. 
diameter, which reached above water and was used sounding rod, and 
manipulated from boat held position ropes from the bridge. Within 
this iron pipe was steel rod sliding and down, projecting above the 
top the pipe, which could thrust several feet into the river bottom 
applying the weight the observer. The observer could feel the consistency 
and hardness the river bed with the disk and rod, and many trials 
showed about firm and sharply defined mid-channel depths 
ft. near the shore. The existence flowing bottom stratum semi-fluid 
mud was disproved. 

Soundings were also made with thin wire line and flat-bottomed, boat- 
shaped lead weights, capable combination give 30, 60, 90, and 120 lb. 
weight air. The elevation the river bottom determined the heaviest 
weight was not materially different from that determined the lightest 
weight, from the depth measured the disk and stiff sounding rod; all 
which confirms the speaker the belief that the depths measured Figs. 
and are dependable and that there was, general, serious error excess 
from the bellying out the sounding line the swift flood current. 

The silt content that can carried the water the Yellow River within 
the delta region found closely related the mean velocity. the 
velocity beyond, say, ft. per sec., more silt taken from the 
bed into suspension, but dropped promptly when the mean velocity 
decreases. This illustrated Fig. 18, which are given lines showing the 
daily height the water, the rate discharge, the percentage silt weight, 
and the mean elevation the river bed for width about 200 ft. near mid- 
channel, each these lines being composite made from the measurements 
the three principal gauging stations, all which were excellent general 
agreement. 

will noted that there lag from days from the discharge 
curve the line showing the erosion and refill the bed. would inter- 
esting have similar curves from gauging stations located, respectively, near 
the up-stream and near the down-stream end the channel through the delta, 
or, say, 250 miles apart, for observing the influence the quantity silt 
taken into suspension from this erosion day day, week week. All 
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the speaker’s observations tended show that this silt picked along the 
way, forms only small part the entire silt burden brought down through 


the delta from the erosion the loess hills Shansi and other 
far stream. 


SCOUR AND REFILL 
RIVER BED CURRENT 
The changing relation from Drought 
Flood and after. 
Each line represents average many 
Measurements the Three Cross Section 
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study this phenomenon, excavation and refill the river bed 
rises and falls, which will presented later more detail the speaker’s 
proposed paper the hydrography the Yellow River, points the way 
successful training this river compelling dig and maintain 
its own flood channel and carry its burden silt the Many 
recent hydraulic investigations concur showing that with increase 
depth, velocity increases much larger ratio than that given the Chezy 
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formula which makes the increase proportional the one-half power the 
depth, whereas the newer formulas make the two-thirds even the three- 
fourths power. This larger ratio the right side helpful the 
present problem. 


CHARACTERISTICS YELLOW River 


The feature special interest shown Fig. 18, the facility with which 
increased mean velocity was found pick increased burden silt 
and carry along. The normal silt burden the low-water stage averages 
about 0.4% weight. After mean velocities from ft. per sec. had 
continued from weeks, the silt burdens gradually increased 
average 6.5% weight, corresponding 4.5% volume deposited 
compact bank. This 6.5% was found the mean eighteen samples taken 
six widely different localities from July 31st September 2d, 1919, during 
the high flood the water; the peak, the load was per cent. The lag 
picking the full silt burden very noticeable and indicates that 
relatively small part this picked locally from the bed, and that large 
part may come from the action the flood the loess hills far stream. 

When one calculates these percentages suspended silt, averaging upward 
for days, into average flood discharge 150 000 sec-ft., the number 
cubic yards excavation transported per day per month the swiftly 
moving water, amounts vast quantities comparison with what man could 
afford dredges steam shovels. When one extends the computation 
cover all the material transported this entire flood 1919, the volume 
becomes too great for one believe that the silt movement always has gone 
this rate, year after year, through ten twenty centuries. The shore 
line has moved seaward long distance the past 2000 years, but hardly 
enough cover such vast quantities. and Von Schermbeck and 
Visser cite few localities and records, indicating progress the shore line 
seaward about 100 ft. per year, about mile century. 

One should not generalize too far about the total annual volume silt 
carried the sea, until similar observations have been continued through the 
floods several years. conceivable that somewhere the loess hills 
Shansi some particular cliff may have been cut into abnormal rate during 
this particular flood 1919, that something abnormal was going during 
the outflow 1902, which left the vast deposits described Capt. Tyler. 

Many hundreds samples this silt from the Yellow River and other 
streams along the Canal were collected, 1919, different flood stages, 
subsidence from measured volumes water and evaporation dryness. Many 
other specimens were obtained cutting out solid blocks from the river mar- 
gins. The average many specimens from many localities carefully collected 
and evaporated dryness 240° Fahr., showed for densely compacted 
oven-dried cake weight 110 lb. per cu. ft. final size the 
maximum, and the ordinary oven-dried specimen weighed about Ib. per cu. 
ft. original size cut from the bank. Blocks with their natural water con- 
tent taken from well settled bank along the river, averaged about 120 
per cu. ft. 
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nearly all samples, the grains this sand are such size 
that 99% the whole would through cement test sieve having 200 
meshes per lin. in. The speaker examined many samples from widely distant 
localities, under microscope with power 100 diameters. All these 
samples presented much the appearance good mortar sand when thus 
magnified, and measurement with eyepiece micrometer, the diameter 
nearly all the particles was less than 0.001 in., although considerable per- 
centage were only about one-tenth this size. spite these extremely 
small dimensions, very little colloidal adhesive quality was found, and 
nearly all the material suspension glass the turbid river water, 
in. tall, would settle the bottom within min., leaving the water above with 
only slight opalescence and clear that fine print could read through 
column several inches thickness. 

This remarkably prompt subsidence has important practical bearing 
training the river that material excavated one place may laid down 
another place desired giving the silt-charged water quiet pool 
which lay down its load. 

This silt comes from vast deposits loess Shansi and other Provinces 
stream, the most extensive the world. some places, these deposits are 
said more than 1000 ft. thick. Where the speaker examined the loess 
hills, the edge the plateau, near the Peking-Hankow Railroad Bridge, 
the loess rises 225 ft. above the river, steep bluffs, cut deep small streams 
during heavy rains. situ loess peculiar material and can stand 
bank with vertical face many feet high; cuts, smoothly, like cheese, 
absorbs water readily, and “dissolves” rapidly stream. 

That sometimes the river carries sediment much coarser grain, true 
sand with grains averaging, say, in. diameter, shown sand dunes 
outside the banks near the break 1851, dunes along the south dike 
stream from the break 1887, vast fields drifting sand along the Lung- 
Hai Railroad, and drifts high against the eastern city wall Kai-feng. 
Apparently, 99% all the earth seen the speaker along the Yellow River 
delta was the fine-grain variety, loess origin. 

the speaker cruised down the river small boat, gave much atten- 
tion the ever-changing contour sand-bars and shores and the varying 
depths over the sand waves the bed, frequently prodding the bed with 
sounding pole and always finding the bottom yielding, but well defined. The 
standing waves the surface the water many places gave evidence 
sand forming and slowly moving along the river bed. The low-water 
channel extremely unstable. 


APPLICATIONS TRAINING AND RELIEF 


The preceding particulars have been given some detail because the 
possible wide application the principles river-bed erosion and re-fill 
river training. From superficial observations several other delta regions 
China, the speaker inclined believe that thorough investigation 
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would similar relations velocity scour bed and its re-fill 
several localities where flood channels are needed, and that the methods 
described for training the Yellow River could made wide application 
China; but before laying out beginning the construction extensive 
works, would, matter course, insist surveys, borings, test pits, 
and variety tests physical qualities the locality where these methods 
are tried, all made with great care and under competent direction. 

One cannot yet sure that all this silt the great northeastern delta 
plain China presents these characteristics found along the present course 
the Yellow River between Shi-Chia-Wa and Lo-kou. Moreover, the speaker 
has read reports investigations silt from beds smaller streams near 
Shanghai, which moderate depths seem present more adhesive quality 
the river bed and which might resist erosion. 

The colloidal qualities river-bed clays and silts and the causes 
remarkable differences adhesion, plasticity, and colloidal suspension are 
matters within the profound depths molecular physics, which are only now 
beginning receive the investigation that merited their practical 
importance engineering 


present, there only one laboratory the world, far the speaker 
knows, designed for the special study river-training problems. This the 
Fluss-Bau Laboratorium the Munich Polytechnikum. 1913, the speaker 
visited the old and the new laboratories Munich, and Professor Engels who 
charge, has courteously sent him accounts some his recent experi- 
ments therein, illustrating the formation sand-bars and pools and the effect 
groynes various shapes and inclinations scour and deposit various 
velocities. Apparatus this kind, but larger scale, needed, both 
America and China, for wide range experiments river training, and 
the speaker has told some the Chinese statesmen that skillful hands 
might pay dividends 1000% per year its cost, their river and harbor 
problems. would recommend working out the best means channel 
training and the best shape groyne for the Yellow River trial-and-error 
methods, conducting experiments full-sized structure the river almost 
simultaneously with experiments the laboratory model, and thus seek 
develop the precise form the improvements tentative way, step step; 
but would follow the ancient Chinese practice dike and groyne far 
possible, until appeared certain that better methods and types had been 
developed. 

program could readily planned, under which this careful proving 
designs during the necessary time for surveys need not delay the prompt 
and rapid carrying out the sorely needed works flood protection 
flood prevention, along the Yellow River, the Wei Hai River and the 
Hwai River, wherever funds are available. 
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The chief object the river training now proposed protection against 
floods ultimately forming thick, flood-proof dike means silting 
the space between the present inner dike and new straight dike built confine 
the new straight and narrow channel and hold this from meandering, that 
will henceforth flow everywhere between new banks protected against under- 


-eutting somewhat shown Fig. 19. 


All things considered, the Chinese have done wonderfully well their 
river training the methods they have followed for hundreds, and perhaps 
thousands, years; but should possible make great improvements 
means precise scientific observation and slow painstaking study 
laboratory and field with modern instruments and methods. The facts already 
observed have convinced the speaker that possible utilize some 
these marvellous forces Nature found the erosion and transportation 
silt, perform much the labor building and maintaining the channels 
and embankments needed for protection against the outbreak floods. 

illustrating what the speaker now has mind, desires first make 
plain that the forms and dimensions shown the following drawings may 
need modified after further observation and study the field and study 
laboratory. With this reservation, the speaker presents the 
outline design, shown Fig. 20. 

The river would compelled flow straight courses, 10, miles 
length, laid out nearly midway between the present inner dikes, may 
best fit existing conditions different localities, somewhat shown Fig. 
the parallel straight lines. 

The new flood channel would made only about mile width the 
surface, the centers the new main dikes being less than mile apart, instead 

Various means different localities would used swing the river into 
the new straight channel, utilizing the natural erosive power the current 
the greatest practicable extent and building out long spur-dikes turn the 
current toward the new channel the opposite dike which would have been 
previously built and provided with groynes, lest the current overshoot the 
mark, 

The space from miles width thus left between the old inner 
dike and the new straight dike, shown Fig. 19, would ultimately become 
silted nearly the level ordinary floods, forming the most fertile kind 
agricultural land, like the rich bottom-lands, intervales American rivers, 
but presenting the great superiority having the admission flood water 
always controlled growing crops had been harvested, substantial sluice- 
ways and gates built into the new dikes. After the crop had been harvested, 
the admission more less flood water would add the fertility 
and aid the maintenance deep-seated reserve moisture the subsoil. 
obvious that when this broad terrace earth between the old dike and 
the new dike has become built about the level ordinary floods, 
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subsequently the inner dike becomes overtopped unprecedentedly high 
flood undercut the current under extraordinary conditions, this barrier 
elevated ground about miles width front the old dike, would 
prevent any rapid outrush water from causing disasters like those 1887 
and 1851, the countless series outbreaks that have occurred from time 
immemorial all along the course the river through the delta. 

The speaker would make each necessary change direction between these 
long straight reaches new channel means relatively short sharp 
curve radius only two three times the channel width. present, 
attaches little importance the theory often mentioned papers river 
training that because rivers naturally flow curves and not straight lines, 


therefore, gently curving course the best which train river. Nature’s 


chief object the winding course rivers seems delta building and 
the distribution sediments eroded and brought down from the hills; 
whereas, the contrary, the object man this case and many others 
prevent meandering and bank-cutting and cause the river carry its 
burden silt the flood water the sea the most direct and certain 
way possible. not believed that the interests future navigation 
the Yellow River would sacrificed these straight courses, that, 
whole, the river dikes would more difficult maintain. 
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Since this paper primarily “Flood: Problems”, the speaker will 
deal only briefly here the hydraulic problems, leaving their discussion for 
another paper already mentioned, that has preparation. 

Although flood protection the controlling motive, navigation must not 
forgotten. present the navigation the Yellow River confined 
multitude small boats about 4-ft. draft, ft. wide, and about 
ft. long. The shoals are many and seems certain that 
the new, confined and deepened channel would bring great improvement over 
present conditions. 

possible troubles from hills and hollows, shoals and pools, the 
river bottom, caused the alternate obstruction the groynes and the 
enlargement and eddying below the groynes, the speaker was encouraged 
believe that satisfactory condition could worked out, his observations 
the currents, shoals, and eddies the old Chinese groynes along this 
river, during his cruise between the railway bridges December, 1919. 
Nevertheless, would propose careful study the best spacing for groynes 


8. 
ar 


1154 FLOOD PROBLEMS [Papers. 


laboratory models, before building many structures the field, and would 
take long and careful counsel from the most experienced Chinese conservancy 
superintendents, and would carefully study the sand waves the bed, 
which noted many examples cruised down the river. 

The long continued and almost general use the spur-dike the 
Chinese for turning impinging current away from dike built soft, 
easily eroded earth naturally calls attention that type.of construction, 
having been proved centuries experience well adapted for meeting 
local conditions. Moreover, takes little arithmetic show that smaller 
quantity. stone rip-rap will required for protecting mile river 
bank when this carefully and scientifically disposed spur-dikes than 
placed continuous line rip-rap parallel with the shore. Also, 
any sudden freak the river threatening the dikes particular point 
can most quickly warded off, with smaller quantity stone and fewer 
men, when the material dumped off the end narrow spur-dike. 

brief, although the speaker has confidence the general method herein 
proposed, would first build only miles new channel with the new 


shape dike and groyne, and study its behavior and expect improve the 


details. Meanwhile, would seek maximum economy through painstaking 
observation, experiment, and the counsel others, and then proceed with 
greater lengths. 

One the most important problems for present consideration ‘is that 
devising the cheapest effective means placing and holding the river the 
new pre-determined course while making use cheap materials near 
hand. Along the Yellow River and convenient intervals many the 
Chinese delta streams, limestone hills project through the vast deep deposits 
silt, from which any desired quantity stone for rip-rap can quarried. 
some localities, the river flows the foot these hills, making trans- 
portation native boats economical; this fact suggests the use rip-rap 
much the Chinese have used their spur-dikes from time immemorial. 

quite within the range probability that the straightening, shorten- 
ing, and deepening caused the new system straight and narrow way 
would gradually cut down the bed the river elevation materially 
below the plain, that the great danger which comes from silt deposits raising 
the bed and from the super-elevation the normal surface above the general 


the country outside the outer dike would gradually become lessened. 


the possibility interference with Nature’s process 
spreading silt from the Shansi hills over the delta surface, through arresting 
the change the river’s course, through the more rapid exten- 
sion coast line the shoaling the Yellow Sea, these possibilities are 
about remote the future the Cro-Magnon civilization remote the 
past, and present generations need not worry. 

Brushwood Retards—There are many places where the cheapest and 
quickest means diverting holding the Yellow River new channel 
would checking the current and causing’ sand-bars form means 
floating raft bushy trees, trees could had. This part China 
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practically treeless, and each bit wood treasured the Chinese peasant 
that might require army soldiers protect quick-growing forest 
cottonwoods the like. Nevertheless, taking long view China’s great 
problems flood protection and river regulation, the Government might well 
consider immediately setting apart and planting suitable trees for this purpose. 
Trees serviceable size for these purposes could grown long before China 
will have its river-protection works one-tenth finished. 


TRAINING THE YANG-TZE 


This river greatly needs training for preventing the destruction valu- 
able fertile shores erosion and caving; also, for purposes navigation 
depth, and more permanent channel. For the Yang-tze River, 
with its far greater volume and depth, naturally there would devised 
different arrangement from that found most economical the Yellow 
River. Along the Yellow River, thus far, evidence has been found deep 
holes being dug the swirl the current, depth more than ft. 
below the low-water surface, although possibly this may occur; but along the 
Yang-tze River its 600-mile course from the great City Hankow (“the 
St. Louis China”) the sea, the navigation charts show many submerged 
gullies more than 100 ft. and some even 125 ft. depth. Even when current 
this great depth attacks protected shore line, defense would seem 
possible some such special means trees with bushy tops, sunk heavy 
stones tied their stems and laid over one another like shingles. The quick 
subsidence the Chinese river silt favors the rapid building great 
deposits eddies where the current checked such material bushy 
tree tops. 

general, the channel will seek the line least resistance, and this 
delta region there appears almost unlimited depth easily eroded 


silt which cut the bottom mid-channel any needed depth any 


desired location; and great importance that the beginning the new 
straightened and improved channel laid out the best possible lines. 

Apparatus and cheapness with which this soft earth can 
excavated, moved, and put place native labor, also must considered 
planning great works for flood relief. Methods that would followed 
America with its high-priced labor and convenient great shops 
would out place China where earth can excavated large scale 
and moved men with native shovels and baskets cost less than 
cents per cu. yd., and where working force 10000 willing 
laborers could quickly assembled along any given stretch river, most 
whom would greatly benefited the distribution money. drag- 
line with long boom would useful here and there for work below 
the water level, but, general, funds expended for manual labor would 
far more good humanity, distributed among the farmers for miles around, 
than put into expensive dredges, steam shovels, and construction-railway 
material manufactured foreign lands. 
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AGRICULTURAL IMPROVEMENTS 


Although “Flood Problems” the title this paper, and the chief object 
this work proposed along the Yellow River would the safe-guarding 
the many millions population farms and small cities within few 
hundred miles north and south its course, from any such outbreak flood 
that 1887 1851, there would important incidental benefit from 
converting the strip land, from miles width, between the inner 
dikes from its present condition partial and hazardous use one 
security, fertility, and maximum use, making comparable with the Upper 
Valley the Nile above Cairo. this narrow strip, vast quantities food 
grown with certainty, years greatest drought, the midst 
land where fearful famines sometimes occur from the shortage rain. 
Some the worst famine districts, which the American Red Cross and 
other humane agencies expended more than 1921, are close 
hand the strip “river bottom” that could thus made sure yield 
two bountiful harvests each year, regardless the general shortage rainfall. 

Regarding the agricultural development the strip between the dikes, 
this would subdivided into alternating tracts, the progressive development 
which would changed from time time. For example, first, there 
might certain large areas outside the inner dike, set apart low dikes, 
irrigated gravity flow through carefully constructed conduits. The 
present super-elevation the surface the river above the level this 
surrounding country could thus made blessing instead danger, since 
this super-elevation would provide the fall for distributing the irrigation 
water. just what extent the abstraction water for this purpose would 
permissible remains for future consideration. 

Another means shaping the flood-relief work for aiding agriculture would 
establishing impounding reservoirs within cross-dikes between the old 
inner dike and the proposed new dike, each which reservoirs might present 
several square miles surface ft. depth water until shoaled 
silting. 

These impounding reservoirs might located alternate sections and 
the reservoir section used for irrigating the section from which water was 
excluded the new dike and after, perhaps, 10, 20, years, when this 
reservoir had become shoaled silt, could then treated agricultural 
and irrigated from the river pumps many kinds, some perhaps driven 
wind-mills. 


The flood region the Huai River shown Fig. and Fig. 21. The 
American Red Cross said have expended about $400000* 1911 
food, supplies, and other means relief the famine which resulted from 
floods along the Lower Huai River, and followed this practical effort 
help prevent such disasters the future sending engineering commis- 
sion composed members the Society China advise with the Chinese 
means improvement.in this Huai River District. 


See Reinsch, “An American Diplomat pp. 70-80. 
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Probably place the world more urgently needs improvement works 
large scale. has been stated previously, Mr. Chang Chien, scholar, 
statesman, and foremost Chinese industrial leader, moved desire 
service his native Province, had developed school conservancy engineers 
who had been collecting data and making surveys for several years prior 
the coming the engineering commission sent the American Red Cross. 
The Red Cross engineers made careful study the data already collected 
the Chinese, and under difficult conditions, made somewhat hurried 
personal reconnaissance the region. the course few months, the 
Board submitted its report with recommendations for plan drainage 
channels and reclamation works, estimated cost about but 
financing followed. 

The problem appears have been too large and too difficult for satisfactory 
solution with the data, the time, and the means then the command the 
Board; and its plan works has not been approved the Chinese, who have 
continued their surveys more less actively under Chinese leadership. 
year and half ago, His Excellency, Chang Chien, presented tentative report 
for scheme relief radically different from that proposed the Red Cross 
Board, calling for expenditure, first and last, about $45 000 000, the 
present rate exchange, suggesting that the work done largely the 
soldiers the needlessly large Chinese Army which had been into 
existence during the World War, and could not well disbanded and turned 
loose without employment means support. Within the past year (1921), 
additional surveys have been going and young American engineer, 
Lane, Am. Soc. E., recently the Miami Conservancy and 
the Morgan Engineering Companies, has been called China assist Mr. 
Chang Chien’s organization canal improvement and other hydraulic 
problems Kiang-su Province. 

When studied broad and thorough way, this problem the Huai 
River flood relief extremely complicated, combining river training, flood- 
detention reservoirs, irrigation supply, the exclusion sea water from flow- 
ing back the channels time drought, the improvement and modernizing 
about 100 the Grand Canal, well the reclamation for agri- 
culture vast areas shallow lake beds. previously stated, the finding 
practical solution intimately affects the lives and prosperity 
inhabitants one the most fertile regions the world, which might 
far more densely populated only the present terrible succession floods 

Until about 728 years ago, affairs have gone comfortably 
this district, affairs China. Then, the Yellow River broke away 
from its older channel and usurped the bed the Huai River and raising 
its bed with deposits silt, and thus finally completely excluding the Huai 
River from its ancient bed, forced the enormous Huai flood volume, sometimes 

more than sec-ft., find new outlets the sea, partly through scant 
sluice-ways existing dikes and partly way the Grand Canal the 
Yang-tze. 
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The Huai drainage basin comprises sq. miles, which sometimes 
in. rain falls single storm. The crude maps available indicate 
that more than three-quarters the catchment area hilly mountainous, 
and that less than one-quarter flat, low-lying delta bordering the sea. 

few centuries prior the the Huai River from its ancient 
bed find new outlets, there had been built across the delta, few miles 
back from the sea, the great Maritime Dike, 100 miles more length, 
for protection against tidal waves and pirates, and the outlets for local streams 
provided through this great dike were inadequate for the discharge the 
Huai floods 250000 sec-ft., more. Thus, whenever heavy flood came 
down the Huai River, more less 10000 sq. miles delta farms became 
submerged, while the water slowly drained off through the small seaward 
channels and down the ancient channel the Grand Canal into the Yang-tze 
River. large part the water did not drain off, but became impounded 
vast shallow lakes aggregating area about sq. miles. 
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addition the great Maritime Dike and the Grand Canal dikes the 
east, and the dikes the new Yellow River channel the north, the great 
Ming Dike had been built south the Huai channel about 300 years ago, 
for the purpose turning the Huai floods toward their ancient outlet. Two 
old Chinese maps the region Figs. 21, respectively, 
the first showing the district flooded and the second some the 3200 miles 
canals and watercourses, which are various levels and serve the three 
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purposes transportation, drainage, and irrigation, but which fail 
vide sufficient sluiceways and main outlets give escape floods the 
sea. 

excellent history the Grand Canal Kiang-su Province, with 
most interesting story the successive disasters, was published French 
priest, Father Gandar, Sicawei, near Shanghai, 1903. This history was 
derived from ancient Chinese sources and begins with terrible deluge 
years before the Christian era. Father Gandar quotes statements from Con- 
fucius about the earliest section the Grand Canal, which was built this 
district 486 For the past 500 years, tells story prolonged suf- 
fering from floods, and Chinese courage, industry, and perseverance 
fighting back these floods, which has parallel history. Coming down 
recent times, states that within the years the Kun Yan Period, from 
1746 1796, there were years flood, and the years, from 1844 
1881, tabulates the height thirteen bad floods. After the Yellow River 
again migrated northward, 1851, the floods became more rare, but the 
river, during its 530 years’ usurpation the old Huai Channel, had raised 
its bed and also had been confined high dikes, that, although this ancient 
channel was now empty, the Huai River could not now climb back into 
use it. 

The was invited study the flood problems this region, but 
was unable prolong his stay China for that purpose, and purely 
good-will offering the friendly Chinese, has since spent much time 
studying the data collected their engineers, and some months ago ventured 
submit for consideration entirely new plan relief, which should take 
advantage the discoveries about the erosion delta silt the Yellow 
River, previously described, and which also should give the Huai floods the 
shortest and straightest course possible the sea. 

The speaker also suggested that test pits and borings should prove that 
the soil this part the delta was easily eroded that along the present 
course the Yellow River, the erosive power the flood itself might 
trained large part the work excavation and thus reduce the cost 
the great flood channel needed sum within the possibilities financing.* 

Under present conditions finance the world general and China 
particular, seemed hopeless raise the $90000000 Mex. required 
carry out the project relief developed the Chinese engineers. Moreover, 
the speaker was led believe, through study all the data that had 
been able obtain, that means different plan vastly greater area 
shallow lake beds could reclaimed for agriculture than had been pro- 
posed either the Red Cross report the later Chang Chien report 
1919. 

Tentative estimates rather bold and broad lines, from limited data, in- 
dicated that the value the land that could reclaimed would become 
sufficient reimburse the entire cost the necessary drainage channel and 
all the other flood-protection works required this large 


special paper these Kiang-su flood problems preparation the speaker, 
and has already been submitted first draft, subject revision, several his American 
and Chinese engineering friends for their counsel and constructive criticism. 
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The method worked out the speaker shown Figs. and 23, 
which present, respectively, map the district showing the location the 
proposed new channel and cross-section illustrating possible method 
constructing the new flood channel. This new straight channel would serve 
both navigation and irrigation and would also carry the discharge the Huai 
River under normal conditions. 

was suggested that borings and test pits showed favorable ground, 
all that need excavated was one, preferably two, deep, narrow channels 
inside the edges the future main channel, which preliminary channels, 
providing barely sufficient earth with which build the new dikes, should 
cut deep (about ft.), that under the existing slope and brief yearly condi- 
tions scouring velocity from ft. per sec. would produced, which 
velocity was believed would rapidly cut away and carry off, long the 
flood flow lasted, the silty material between these two preliminary ditches. 
The floods several years were expected complete the work gradually, 
aided here and there, and from time time, special training dikes and 
groynes and men and baskets dragline excavation where necessary. 
The hydraulic estimates were worked out with considerable detail. The 
determination the shape and depth the preliminary channels for the 
production maximum scour somewhat intricate problem itself, 
but this paper not the place for the presentation those special problems, 


and this whole Kiang-su problem requires more study both the field and 
the laboratory. 


-—— This Portion much —— - 
Reach wider than Drawn 
130 


Flood 


Dig by Dredge 
_—— Use in Dike 
Dig by Natural Flood Scour. 
This comprises about 

824% of entire excavation 


23. 

Such project would not definitely the speaker, 
its precise location laid down, until after much preliminary investigation, 
but the hope accomplishing the much-needed relief the district and 
recovering 1000 sq. miles the most fertile land the world for agricul- 
ture, which now lies submerged under shallow lakes, region where 
every acre badly needed, which reclaimed land might ultimately repay 
the entire cost, seems worthy extended consideration comparison with 
the plan proposed tentatively the Chinese engineers calling for expen- 
diture Mex. The speaker has other interest this project 
than that being helpful and the attraction fascinating engineering 

The straight course proposed designed with dikes protected some 
localities groynes, somewhat shown Fig. 20, other locations, 
A-G, A-1, M-N, wherever natural conditions most favored construction. 
some localities, instead the stone-faced spur-dike shown Fig. 20, 
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might better use groynes submerged concrete sheet-piling, reinforced 
with large split bamboo, instead with steel rods. would pleasing 


the builder obtain his from quick-growing plantations along- 
side the work. 
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map this catchment area given Fig. 24. The terrible results 
these floods July, August, and September, 1917, have already been 
briefly Most the delta sq. miles was inundated, bring- 
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ing great suffering more than 000 people and property loss more 
than general, this was said the worst flood 140 years. 

The conditions soil, slope, and drainage, this delta are substantially 
the same for the deltas the main Yellow River and that the Huai, 
for all are common origin—loess brought from the hills floods and de- 
posited vast, nearly level deltas—and all have the present rivers diked in; 
but the flood Chihli local origin, from water-shed not distant more 
than about 250 miles from the convergence the five rivers shown Fig. 24. 
Therefore, the Hun River floods are quicker, briefer, and relatively more 
violent, considering the small water-shed, than those the Yellow River. 
This Chihli water-shed, shown the isohyetal map, Fig. 25, lies where the 
annual depth rainfall averages only about one-half that the Huai, but, 
nevertheless, can have precipitation single storm much that the 
great Miami Valley flood. 

From the manuscript preliminary report Mr. Van der Veen, 
Consulting Hydraulic Engineer the Chinese Ministry the Interior, the 
following interesting facts are transcribed. The rainfall Shir-kia-chuang, 
the railroad the western edge the delta plain, near the foot the 
hills, recorded the Administration the Tcheng Tai Railway, showed 
about in. rainfall the three months July, August, and September. 
This three months’ rainfall about double the average total for the whole 
year that region. this, about in. fell July, and the 26th 
that month, 10.4 in. fell one day, following ten days almost continuous 
rain. This was followed 10.7 in. more August, and nearly in. 
September, thus saturating the ground. Although rain-gauges throughout the 
drainage basin were lacking, the fact that widespread floods were simultaneous 
the several converging rivers shown Fig. 24, indicates that this one 
gauging presented something more than local condition. 

The best information now available indicates that, although large part 
the catchment area the lower slopes these Chihli hills covered with 
loess earth, which has remarkably great capacity for quick absorption 
ordinary rains, the upper parts the hills and mountains are steep and mostly 
bare loess, having been almost completely deforested few hundred years 
ago. 

The conformation foot-hills and plain this drainage area nowhere 
favorable building large detention reservoirs, and detention water 
precipitated beyond the natural absorption the soil, practicable, except 
such might brought about many years reforesting. Immediate 
protection would seem mainly matter dikes and carefully planned channels 
and building the farmhouses mounds. 

partial protection detention ordinary floods given the wide 
distance between the existing dikes and the extremely crooked courses 
the rivers they meander between the dikes, all which tends delay the 
progress the flood and give moderate volume storage space when 
the bank-full stage exceeded. Unequal delay different streams tends 
prevent their flood peaks from coinciding and, perhaps, part this 
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excess channel length and excess width between dikes the upper part 
the delta that has made the narrow, single channel within the City 
Tientsin tolerable for many years. The maximum discharge capacity this 
channel the time the 1917 flood estimated have been only from 
000 000 sec-ft., whereas the estimated discharge the Hun River alone 
was upward 200000 sec-ft. The widespread suffering caused this flood 
was almost beyond description. 


All this led immediate action the Chinese Government and the ap- 
pointment the best hydraulic engineering talent available China 
organization which developed into the Chihli River Improvement Commission. 
This Commission still work with corps Chinese engineers, under 
the advice English chief engineer much experience India, who has, 
for his principal assistants, two members the Society. 

The message from President Feng-Quo-Chang the inaugural meeting 
the Commission read like verse from ancient poem. was brief and 
the point and worthy land great classic literature: 

“The great flood has caused people miseries, 
The down rush mad water has demolished embankments and dikes, 


haste let engineers consulted with measures, 
For this way the nation well the government will benefited. 


The Han Emperor person led the people work the damaged rivers 

And return for his zeal, Heaven blessed his reign with prosperity. 

Let the Commissioner vie with the illustrious Emperor the merits 
achieved, 

And secure for modern China prosperity great.” 


Maps, river gaugings, and many data have been secured for the rivers 
Chihli Province, particularly for those having their outlets past the great 
commercial city Tientsin. far the speaker has learned definite 
dimensions for flood-relief channels have yet been decided on, 
except short cut across bend through Tientsin, already completed, and 
some work extending and deepening the defluent channel the Ma-cheng 
Canal. 

Several tentative suggestions have been made from time time, and some 
surveying has been done for several defluent channels, which flood water 
could deflected from the Wei and other rivers down ancient shallow drain- 
age courses, across the delta the sea, some which may mark the site 
prehistoric channels the Yellow River, and are shown Fig. There 
seemed popular demand for such flood-diversion channels, strong 
that was difficult for the Commission resist it. 

The speaker inspected the site the offtakes for some these proposed 
defluents, which have been utilized some extent the past, but now are 
clogged with silt, and was led believe that this method relief defluent 
channels first proposed would not permanently successful, because 
certain fundamental principles hydraulics, which lessen the power 
stream when subdivided cut its way, carry its burden silt, 
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ciently when consolidated single channel. fact, such subdivision 
reversing the process Nature, which unites streams they proceed. In- 
cidentally, the speaker may remark that saw illustration what 
likely happen, down stream from any defluent from silt-laden river, 
the present conditions below the Ma-cheng Defluent, the Wei River, where 
the defluent channel, so-called “canal”, had become filled with silt 
useless for navigation during the dry season, and where the main river, 
below the point abstraction water, immediately becomes narrowed 
shoaled dropping part its burden silt. The vast burden loess 
silt brought down the floods greatly complicates the problem. 

statesman business man who has not carefully studied these 
matters flood and silt transportation the light hydraulic science, 
might seem that the obvious way preventing inundations the populous 
and important city Tientsin would provide channel for diverting 
large part the water before reached Tientsin and retain meanwhile 
the present channels into and out from the city the sea, but the great and 
uncommon burden silt time flood has reckoned with. The speaker 
inclined believe that the best permanent relief would found con- 
centrating the entire flow into the straightest and narrowest channel computed 
able carry the maximum flood volume. 

The for this channel another question. this single 
river channel could safely made narrow and diked dig itself deep and flow 
through the midst this city, could deflected one side and loop 
canal built from this flood channel through the city for the needs navigation. 

small problem determine how best improve preserve 
during flood and drought the much needed, deep ‘ship channel from Tientsin 
the sea. has been said that years more ago, Tientsin stood near 
the edge the sea, but, because the delta growth, now twenty miles 
distant from the sea, with bad bar the river’s outlet. The tendency 
salt water when mixed with fresh water cause the latter precipitate its 
burden silt seems evidence the mouth nearly all these great 
Chinese rivers. 


This type flood problem appears presented the slopes the 


Shantung Mountains leading out the delta plain. the course the 
Grand Canal surveys, evidence was found almost incredibly large flood 
volumes flowing for brief periods from relatively small catchment areas, for 
example, the Wen River, which flows from the northwestern denuded slopes 
the Shantung Mountains. Careful explorations were made and levels 
were run over long series flood marks along the river, which are un- 
doubtedly authentic. Their height and slope when combined with measure- 
ments the cross-section the river showed, computations from the 
Kutter formula, flood discharge the maximum about 330000 cu. ft. 
per sec. from about 3200 sq. miles, which larger than the greatest flow 
measured the peak the greatest flood the neighboring Yellow River 
from about one hundred times this Wen River drainage area, during the past 
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ten years, but this Yellow River flood continues for about two months, while 
that the Wen, the mountain torrent flood, continues great only few hours. 

1914 the Red Cross engineers happened have opportunity gauge 
flood flow the River probably 140 000 sec-ft., from area about 
sq. miles, and there are other evidences extremely violent brief floods 
from the westerly slopes the Shantung hills. 

The speaker inclined explain the extreme height these floods, 
well their brief duration, conditions not unlike those found some 
parts the Western United States which cause extremely sudden flood, 
commonly attributed “cloudburst”. these cases, almost instantane- 
ous rise perhaps ft. occurs the stream surface within many 
minutes, often with disastrous effects cattle teams that happen 
within its reach. 

possible explanation that under the well-known law 
which the velocity flow channel increases with the depth, that four 
times the depth gives double the velocity, according its one-half power the 
depth, given different authorities, the water the rear, having ad- 
vantage the increased depth, travels faster and overtakes and piles top 
the earlier run-off, thus creating the great height the advance wave. Recent 
authorities made the velocity increase higher ratio the depth, some 
the two-thirds power, some the three-fourths power, instead the 
time-honored Chezy formula. 

This particular flood phenomenon well worthy more observation and 
more careful scientific study than has yet received. 
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FLOOD CONTROL THE MISSISSIPPI RIVER 


view the fact that, recent years, devastating floods relatively 
small streams present intricate problems local flood control, the work 
controlling the floods the Lower Mississippi River looms gigantic 
undertaking. The Mississippi drainage basin covers area sq. 
miles and the eastern extremity extends into Western New York about south 
Buffalo, the western extremity, into Montana, west Butte; the northern, 
into Western Canada, miles north the boundary line; and the southern 
extremity, the Gulf Mexico. Besides all parts thirty States, this 
drainage basin includes sq. miles Canada. covers 1822 miles 
longitude and 1449 miles latitude, 41% the United States proper. 

This great basin divided into several tributary basins, shown 
Table which also tabulated the mean annual rainfall each, for 
for 1897. 


TABLE 

Average 

Name basin. Square miles. 


was inevitable that the gathering water from this vast area would 
produce tremendous floods, particularly from the mouth the Ohio down 
the Gulf, and the people, who were attempting reclaim the fertile basins, 
were unable cope with them, although they taxed their resources the 
limit. This water poured down the 29790 sq. miles the delta basins 
the Lower Mississippi and appeals for Federal aid were long ignored, 
the theory that the protection private property was not function the 
Federal Government. 

remained for ex-slave, appeal Congress, call attention 
the fact that the people only wanted protection from the floods forced 
them from other States. “Let them take care their own water and 
will take care ours,” said he. This caused change view and, time, 
came considered reasonable for the country whole render 
aid. Aside from that, the reclamation this great area the most fertile 
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part the United States, making habitable both health and exceptional 
crop production, was and good investment. 

The people the delta basin below the Ohio have expended $111 679 618 
the construction levees since 1882, and the Federal Government has ex- 
pended $47 583 368 December 31st, 1920. Large sums were spent 
States and local interests prior 1882, but the amount has never been satis- 
factorily determined. Under the present Flood Control Act, the local levee 
districts are required contribute least one-half much the Federal 
Government allots levee construction. From 1882, when Federal allot- 
ments began, the passage the Flood Control Act 1917, the local dis- 
tricts devoted twice much, even more, levee construction than the 
Federal Government, and even to-day the States and levee boards spend an- 
nually, their own initiative, much more than the contributions required 
law. 

The Mississippi River Commission was created Act Congress 
1879 and was charged with developing and executing plans for the improve- 
ment the Mississippi River, “correct, permanently locate, and deepen 
the channel and protect the banks the Mississippi River, improve and give 
safety and ease the navigation thereof; prevent destructive floods; promote 
and facilitate commerce, trade, and the postal service.” most compre- 
hensive law and reflects great credit the vision its framers. 

Immediately after its organization, the Commission began the study 
the physics the problems assigned and exhaustive surveys, topo- 
graphical, hydrographical, and hydrometrical, were undertaken. River slopes, 
velocities, and discharges various stages and localities, were measured. 
The character the bed and the banks was determined, the causes bank 
erosion and bar building were studied; the effects waste weirs outlets 
were analyzed; daily records river stages many points were established; 
sediment observations were made; fact, the whole range river physics 
was fully covered. 

While this was under way, the amelioration conditions the delta 
region from near the mouth the Ohio the Gulf Mexico received im- 
mediate attention, owing the large area subject overflow (sometimes 
miles even more width) which required protection from floods. The 
principal source these floods the with its heavy spring 
rainfall and the steep slopes its tributaries. The sources the floods that 
menace the Lower Mississippi are not always the same drainage basin, 
nor the head-waters thereof. The floods 1844 and 1903 were from the 
Lower and Middle Missouri and the Upper Mississippi; the floods 1912-13 
were from the Lower Ohio Basin Districts. The floods 1882-83-84 were 
largely from the upper portions the Ohio Basin and its tributaries. This 
shifting the locus the floods over such great areas prevents reservoir 
control. The delta area lying below the flood level shown Fig. 26. 

The flood control for this district were divided into three 
namely, those who favored reservoirs; those who favored outlets 
the only solution; and those who regarded the experience about two 
centuries with levees for partial flood control sufficient justify the use 
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them for complete control. Others asserted that the floods could not 
controlled and that attempt should made curb them, but that mounds 
should built for occupation the people and their live stock while the 
lands were flooded. The digging another river channel from the Ohio 
the Gulf equal that the Mississippi was also urged Congress. 

The Commission undertook study all these plans for flood control 
and concluded that reservoirs prevent floods along the Lower Mississippi 
were impracticable, owing the great number and size required and the 
lack suitable sites for such large volumes water. Judging 
from the cost the flood control the comparatively small Miami Basin, 
festly correct. 

The effect outlets was given careful consideration the study 
the action existing outlets. There can outlets above the mouth 
Red River, that would relieve the river flood water without returning 
again lower point, therefore, the major portion the delta basin would 
overflowed before escape could reached. observations, and 
many measurements, also showed that the reduction volume, means 
secondary alluvial stream, flowing bed its own forma- 
tion, will reduce the capacity the main stream and, ultimately, will result 
increased flood height and near the point diversion. Therefore, 
the conclusion was reached that all outlets above the head the 
Passes should closed. 

The depleted section the channel just below the point diversion 
can restored its normal capacity only closing the secondary channel 
and quantity water the main channel equal greater than that 
before the diversion occurred. scour lesser quantity completely 
restore the channel its original capacity, and the result will that the 
permanent reduction flood height hoped for, will not realized. brief, 
may said that sedimentary stream flowing bed its own forma- 
tion tends adjust its cross-section the volume carries. 

Many cases could cited justify this conclusion, but single one will 
suffice. The Nita Crevasse (that is, break the levee) about miles above 
New Orleans, occurred the flood 1890 and reached discharge 402 556 
sec-ft., about one-third the discharge the entire river, but the flood 
stage College Point, about miles below, was lowered less than ft. The 
Niagara River with its cataracts and rapids has normal discharge about 
200 000 sec-ft., one-half the discharge the Nita Crevasse. The Colorado 
River, which created such havoc Imperial Valley, California, has max- 
imum discharge 150000 sec-ft. These instances could multiplied many 
times, all showing that disappointment and failure must follow attempts 
lower permanently the flood level and incidentally the grade line the levees 
means outlets, spillways, weirs. 

The river, bank-full stage, will carry about one-half its maximum dis- 
charge, which about 2000000 sec-ft. the upper end the delta. This 
quantity largely dissipated moves down stream, filling the adjacent 
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unleveed basins between the levees and the highlands, the mouths the 
tributaries, and the areas between the two lines levees. 

This huge reservoir, lying between the mouth the Ohio and the Gulf 
Mexico, distance 1063 miles, covers area 5000 sq. miles, 
about one-half the area Lake Erie. reservoir that conforms the 
high-water slope the river, which the water continually flowing and 
flood time emptying more than 1000000 sec-ft. into the Gulf Mexico. 
Below the Ohio, the area between the high-water banks the river 1000 
sq. miles, mean reservoir itself, particularly when supplemented 
levees ft. more height. The discharge grows less the crest the 
flood progresses down stream, owing the quantity taken the reservoir. 
This will particularly marked with floods short duration. 


ELEVATIONS ABOVE SEA LEVEL 
ADOPTED LEVEE GRADE LINE 
LOW WATER SLOPE LINE 
ST. LOUIS, MO. AND FT. JACKSON, LA, 
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Fig. are shown the low-water slopes the river below the mouth 
the Ohio, the distance between the successive stations being mid-river distances. 
The adopted provisional levee grade line also shown. The levees front- 
ing the great basins are the controlling lines, and proposed 
complete these before taking the protection smaller basins, most 
which are hampered diffigult drainage levees are built protection 
from floods. 

The construction levees for flood control began New Orleans, 
1717, and 1828 they had been extended, the left bank, Baton Rouge 
and, the right bank, the mouth the Red River. Some measure flood 
control has been effect this reach for about 200 years, but the levees 
the beginning were small and breaks were frequent. 

the river banks became settled, levees were built, and, 1860, all the 
great delta basins had some measure flood protection detached lengths 
levee. that time, the levees averaged about ft. height, whereas, 
to-day, they average about ft. 

The small levees the early days were built slaves, with wheel-barrows 
and evidenced Act the Louisiana Legislature 1860 
which recites: for the sale, for cash the highest bidder, the 
Governor,. all slaves belonging the Internal Improvement Department 
the State, except four Engineers selected the Chief 
Engineer the State.” The word “Engineers” capitalized the text and 
relates stationary steam engineers, but, itself, suggests distinction 
between the technical, professional engineer and the non-technical mechanic. 

1850, the Federal Government granted the several States along the 
Mississippi all the unsold swamp and overflowed lands below the Ohio, the 
purpose being provide fund for reclaiming the inundated land, and this 
gave decided impetus the construction levees. Even 1882, when 
the Federal Government again came their relief, through the Mississippi 
River Commission, flood control the use levees did not meet with general 
approval, owing the many disastrous failures (712 breaks the floods 
1881-82-83), although competent Engineer Boards had repeatedly declared 
that flood control could only realized the use adequate levees. 

was claimed that the construction levees caused the bed the river 
raised and, consequently, they would defeat their own purpose. dis- 
tinguished man, formerly Senator, wrote that was “reliably in- 
formed that the bed the river was higher than the adjacent land,” all 
caused the construction levees. secure definite information this 
subject, extended investigations were carried on, that resulted establishing 
the fact that there has been progressive elevation the bed the river 
due levee construction. the contrary, the latest comparison cross- 
sections shows that there well-defined tendency toward cross-section 
greater capacity, including lowering the bed the river. 

insure flood control the Lower Mississippi River, became apparent 
that levees, earthen dikes, embankments, must used, and this plan was 
adopted the Commission, the purpose being protect the delta basins 
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from any combination tributary floods such have occurred within 
times. 

After centuries successful use levees for flood control the and 
Theiss Rivers Italy, the Nile Egypt, and even Louisiana, was hard 
account for the organized opposition levees along the Lower Mississippi. 
This opposition, however, has largely with the success the 
flood protection already obtained from the partly completed levee system. 

Prior the construction levees, the floods the river covered width 
miles, shown the shaded areas Fig. 26. The floods, laden with 
sediment, overflowed the channel and deposited the major portion their 
load near the river banks, and this, time, developed land slope, away from 
the river, from ft. per mile. The natural drainage, therefore, 
inland, toward the highlands bounding the delta. The drainage there enters 
tributary streams along the foot-hills, and these, turn, empty into the 
Mississippi the lower end the several basins, such the St. Francis, 
the Arkansas, the Yazoo, ete. Nature has greatly simplified the problem 
flood control making the drainage the flooded lands, the larger basins, 
comparatively simple. 

bring the vast expanse water covering the great basins under control 

between levees, sometimes less than mile apart, and further complicated 
tributary inflow, made the determination the required levee grades dif- 
ficult problem, but the elevations deduced, proved fairly close approxi- 
mations. 1500 miles more levee are required protect the great 
basins from floods, was early decided give great measure pro- 
tection each year the funds available would permit, rather than attempt 
begin one end and complete the levee the work progressed. 
present, the levees are completed standard grade and section for 
about 500 miles. The entire length the controlling levee line grade 
that will withstand normal floods and the practice complete the levee 
standard grade and section, from the up-stream limits the respective 
basins, the work progresses. 

The standard levee section adopted has crown width ft. ft. 
above the highest flood stage and has side slopes supplemented 
the land side, banquettes ft. wide for levees from ft. high, 
ft. wide for levees from ft. high, and ft. wide for levees more 
than ft. high, the tops the banquettes being from ft. below the 
tops the levees. 

The ground which the levee built carefully prepared, first, the 
removal trees, brush, logs, and débris all kinds. then grubbed 
insure the removal stumps, roots, drift, logs, and other unstable matter, 
that the foundation will clean, compact, homogeneous earth. 
muck ditch, about ft. wide and ft. deep then cut along the axis the 
levee further insurance the elimination perishable material. The 
surface then broken and turned depth in. this foundation, 
the levee started full width and carried regularly, layers not exceeding 
ft. thickness, the full height. Only clean earth, free from foreign 
matter, used the levee. 
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The shrinkage allowance 15% the net fill, for scraper work, 20% for 
wagon work and 25% for dragline and other machine scrapers. This allow- 
ance for shrinkage disposed the top and the slopes leave plane 
surfaces from the edge the crown the base, when shrinkage has ceased. 

The earth taken from borrow-pit, usually the river side the 
levee, leaving berm ft. width. The pit, beginning the berm, 
ft. deep and from that point outward may deepened slope 
and excavated afford thorough drainage the back the pit. 

After completion, the levees are sodded with Bermuda grass, which affords 
excellent protection from erosion rain. Where levees are exposed wave 
action, layer concrete about in. thick board protection used 
break the force the waves. Severe tropical Gulf storms below New Orleans 
make necessary substantial protection the levees from wave action. 

The bearing power the soils which the present high levees are built 
is, some cases, not equal the load placed and subsidence, which 
not easy overcome, takes place. Subsidence sometimes results the bulg- 
ing the adjacent soil several feet height and embankment, hold 
head perhaps ft. water foundation that kind, far from 
satisfactory. Subsidence that character time flood would disastrous, 
but fortunately during the construction period when precautions 
are taken overcome adding more material. 

The extent saturation levee depends the character the soil 
which built, the length time exposed the flood, and the 
depth water against it. 

Experiments show that the hydraulic gradient, the line between the 
wet and the dry earth levee, has slope about make the 
levee secure, this line should fall well within the base, hence the necessity 
the levee with banquette. 

The wheel-barrow and scraper have been superseded the dragline, 
cableway excavators, and dump wagons hauled tractor; the last promises 
largely replace mules and wheel scrapers. Caterpillar traction, for large 
dragline machines, use and regarded favorably. The tractor dump 
wagons have capacity cu. yd. and are filled steam shovels the 
ordinary elevating loader, also drawn tractor. 

The revolving dragline levee machine equipped with 5-cu. yd. bucket 
and 165-ft. boom. The machines have span 600 ft. more 
and carry 6-cu. yd. bucket. estimated that, under favorable conditions, 
one these large machines will handle 400000 cu. yd. during average 
working season, the length the season depending the amount rain- 
fall and the duration high-stage river conditions. 

Much the levee work through heavy timber which must thoroughly 
cleared and grubbed that stumps roots will not interfere with the opera- 
tion the bucket. the embankment must free from such foreign 
matter, the closest watchfulness required prevent stump, hidden 
the huge bucket earth, from being dumped into the embankment. 

During prolonged floods, sand boils the land side, sometimes sev- 
eral hundred feet from the levee. These are caused water, flowing through 
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the soil underneath the levee, breaking through the surface the shape 
bubbling springs. long these springs carry only clear water, they 
are harmless, but should sand sediment appear, prompt steps are taken 
check them impounding the flow. bags are used create 
head water the river side sufficient check the flow. 

During excessive flood periods, low-grade levees are topped from ft. 
with earth-filled bags, which have been effective preventing the levees from 
being overtopped, active cause crevasses and devastating floods. The 
erosion the river banks has been and still active the destruction 
levees. Fortunately, this far more active during falling stages river 
and with few exceptions never occurs during flood stages. many places, 
active bank erosion has made necessary rebuild the lines levees several 
times; particularly this true the earlier work which the levees were 
placed too near the river bank. The present practice locate the levee 
that will safe from normal bank erosion for least years. 

The remedy for bank erosion the revetment, which has been developed 
the engineers the Mississippi River Commission. There are three 
general types, namely, willow mattresses, articulated concrete mats, and solid 
concrete mats. 

The willow mattress, general use above Vicksburg, Miss., which 
the fascine type, made bundles willows held together wire cables 
and heavy poles bound the fascines galvanized wire. These mats are 
generally made lengths about 1000 ft. and are 250 350 ft. wide, de- 
pending the depth the water. Such mat requires more than 100 acres 
willow brush for its construction. 

The head the mattress bundle, about ft. diameter, strong 
hardwood poles, in. diameter, with length equal the width 
the mat, which forms the connecting link between the mooring cables and 
the mattress. The mooring barges are placed normal the shore and serve 
protect the mattress from accumulations drift while afloat and 
also support the head the mattress while its construction progress. 
The steel weaving strands are also attached the mat head. 

For fascines, brush from in. thick the butt end, placed the 
forms, with the tops the first layer one direction and for the second 
layer the opposite direction, care being taken break joints. Enough 
brush used make fascine in. thick, when tightly compressed 
with binding No. wire intervals about ft., the length the 
fascine being the same the width the mat. then moved down the 
ways its proper place the mattress, where the weaving strands are passed 
around and also around the bottom longitudinal cables running the whole 
length the mat. 

The fascine drawn taut its neighbor means block and tackle, 
using special clamp for the purpose. This process repeated until the re- 
quired length mat has been reached. poles extending the entire 
length and width the mat are then placed intervals ft., and are 
securely lashed the fascines steel cables. The poles serve keep the 
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rock from sliding off the mat while being sunk the bottom the river, 
and also add strength. 

The ballast required for sinking and holding the mats place amounts 
1600 lb. per square 100 ft., and consists stone blocks, each weighing 
about evenly distributed over the surface. essential feature 
these mats that they must woven closely and thick prevent 
the current from scouring through them. Fig. shows mat the process 
weaving. sinking, the whole surface first uniformly covered with 
much stone the mat will sustain, after which the head weighted and 
lowered the bottom and the sinking the mat follows from the upper 
end down stream, uniformly distributing stone from barges the mat 
sinks. 

The mat now covers the subaqueous bank from the shore line and extends 
well beyond the thalweg. The above water bank then graded slope 
concrete lieu the stone. The willows for the fascine mats de- 
are cut, loaded barges, and transported the site the revet- 
ment, where they are unloaded the weaving the mat progresses. This 
work requires great deal floating equipment. 

Below Vicksburg, type framed mat used, that built the river 
bank where the willows are cut and then towed the place where 
used for revetment. The mat brush raft made sections, 100 
150 ft., and when thoroughly compacted in. thick. building this 
mat, frames are laid 10-ft. intervals across temporary launching ways. 
These frames are filled with three layers willows from in. diameter 
the butt end, the middle layer being placed right angles the upper and 
lower layer. These layers are tightly compressed and top frame placed 
and firmly connected the lower frame posts and wooden pins. Cables 
wire are not used these framed mats, except for connecting several 
cribs together, order obtain the desired size for sinking. 

The great quantity willows needed for revetment soon revealed the 
fact that the supply could not long meet the demand, and studies were begun 
develop other types and materials for use bank revetment. Engineers 
naturally investigated the possibility the economical use concrete. 
though many difficulties were experienced, two types were developed, one 
which has been tested such extent justify the belief that will prove 
economical and stable. 

The articulated concrete block system was developed the engineers 
the Vicksburg District. The blocks mat units are in. thick, 114 in. wide 
and ft. in. long, reinforced with 12-in. wire mesh. This type has 
advantage that the block units can prepared advance, when river 
conditions are unfavorable for placing the mats. concrete used 
for the blocks, and, three hours after pouring, the forms are removed and 
relaid for the next pouring. 

sinking, the mats are laid position mat-building platform and 
fastened wire rope intervals about ft., thirty-five units 
forming section mat 140 ft. This section launched and fol- 
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lowed succeeding sections, all which are connected, until the required 
length has been obtained, the whole resting the river bottom. idea 
the mat process launching may gained from Fig. 29. This type 
can laid high water case the upper bank has been previously graded 
the proper slope. About 20000 lin. ft. this revetment has been suc- 
cessfully laid cost somewhat greater than the fascine willow mat. 

Another type concrete mat, developed the Memphis District, pro- 
vides for reinforced concrete laid sheets, 150 ft. in. thick. This 
type mat sunk semi-plastic state from supporting trusses, pulling 
the launching barge out from under and lowering the bottom. The 
mat the launching barge shown Fig. 30. The mat, partly suspended, 
the barge being withdrawn, shown Fig. 31. The supporting cables 
are tripped the same instant the slab position for sinking, short 
distance below the water surface. With this kind plant, estimated 
that lin. ft. channel mat can laid per month cost not far 
excess the willow mat. 

This type mat has not yet been tested such extent develop fully 
its defects. When these are discovered and remedied, seems probable that 
its economical use bank revetment will result. 

Methods bank revetment have been discussed only general way, 
this paper primarily flood control and relates more directly the 
navigation feature the work the Commission, which requires 
“correct, permanently locate, and deepen the channel and protect the banks 
the Mississippi River.” The cost revetment during the period high 
prices incident the World War, has been about $73 per lin. ft. river 
bank. Prior 1918, the cost was about $34 per lin. ft. 

The Substantial Benefits Resulting from Flood-Control what 
was. formerly the area subject overflow the States bordering the 
Lower Mississippi River, there have been extraordinary developments that 
must largely credited successful flood-control work. Without such work, 
even moderate development would have been impracticable. 

order ascertain the extent the benefits flood control under the 
Mississippi River Commission, data have been taken from the United States 
Census reports 1900, 1910, and 1920, that relate the increase farm 
areas, farm values, and population, compared with like items the non- 
delta parts the States that are above the reach Mississippi River floods. 

The counties lying wholly largely within the overflow basins Missouri, 
Arkansas, Mississippi, and Louisiana, are included these investigations. 
The census data are given counties, few which contain considerable 
hill areas, and sharp line flooded area alone, which far the major 
part the area considered, cannot drawn. 

the lower ends the delta basins, the Upper St. Francis, Lower St. 
Francis, Yazoo, White, and Tensas, where tributary streams enter the Mis- 
sissippi River, the levees are not completed, and the delta lands are subject 
overflow some extent from back-water; but the counties which these 
lands are situated are included the general investigation benefits. With 
limitations mind, the favorable results the work done should highly 
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gratifying. The delta counties lie the area formerly overflowed from the 
Mississippi River. 

The State Missouri has 114 counties, which lie the delta, known 
the St. Francis Basin. these six delta counties, the total value “all 
farm property” 1900 was and, 1920, was 705, 
gain value The percentage increase about two and 
one-half times that the State large. The total acres “improved land 
farms” 1900 was 604 475 and, 1920, was 1072 133, gain 467 658 
acres, which more than one-fifth the gain all the other counties 
the State combined. 

The average price per acre “land farms”, has increased from $19.72, 
1900, $101.37, 1920, whereas the State large the increase has 
been from $20.46 $74.60. The population has increased 912 the same 
period, whereas counties show decrease population and more than 
one-fifth the total gain for the entire State, including cities, belongs 
the six delta counties. 

The State Arkansas has counties, which lie along the Mississippi 
River, largely the delta district, but also embrace considerable areas hill 
lands. these seven counties, the total value “all farm property” 
1900, was $22 602 988, and, 1920, was $168 390 215, gain $145 787 227, 
which about one-fifth the increase for the entire State. The total acres 
“improved land farms” 1900 was acres, and, 1920, was 
024 946, gain 795 acres, which about one-fifth the increase for. 
the entire State. The average price per acre “land farms” increased 
from $12.32 1900 1920, whereas the State large, the in- 
crease was from $6.32 $34.86 per acre. The population increased from 
120 079 1900, 220442 1920, gain which about one- 
fourth the total gain for the entire State. The cotton acreage increased 
from 341 222 acres 1910 539 550 acres 1920, with increase 493 
bales cotton the same period. 

The State Mississippi divided into counties, which lie 
the delta. these delta counties the total value “all farm property” 
1900 was $60 071 and, 1920, was $442 481 342, gain $382 409 910, 
which equal one-half the gain for the entire State. The total acres 
“improved land farms” 1900 was 466 413, and, 1920, was 067 384, 
gain 600971 acres, which equal one-third the gain for the entire 
State. The average price per acre “land farms” increased from $17.29 
1900 $121.61 1920, whereas the State large, the increase was 
from $6.30 $35.27 per acre. The population increased 107 850 from 1900 
1920, whereas the counties show decrease. The population the 
State large increased 293 348, including the cities, but 38% the gain 
was the delta counties. The cotton acreage increased from 353 acres 
1910 639 acres 1920, total 186 286 acres, with increase 
bales cotton same period. 

The lower end the Yazoo Basin subject overflow from back-water, 
the controlling levee line not completed for distance miles, and 
the completion has been deferred long that considerable area cultiva- 
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has been abandoned. Owing this and the ravages the boll weevil 
the development greatly reduced from that which would have been realized 
under normal conditions. 

The State Louisiana cannot analyzed the same manner the 
other Lower Mississippi River States, because one-third its area alluvial 
delta land, its years settlement are measured centuries, and some 
measure flood control has prevailed for like period. There are about 
2000000 acres still subject overflow from the Mississippi and the full 
benefits from flood control will not realized until this vast area has been 
reclaimed. 

Thus far, the benefits are largely the result the more substantial levees, 
which give added security the lives and property land that has long been 
use, rather than any great extension new areas farm land. 

The benefits are reflected the farm land values, which have increased 
from average $15.05 per acre, 1900, $46.51 per acre 1920, 
derived from fifteen parishes fronting the Mississippi River. 

The Commission has assigned special committee its members the 
task preparing full report the work done under the Mississippi River 
Commission and the results attained, “in order bring together with view 
publication and make available the great mass valuable data relating 
river hydraulics, covering physical investigations the varying elements 
that make the regimen the Mississippi River, well the methods and 
instrumentalities that have been developed and tried out the Mississippi 
River Commission and its assistants channel improvement and flood con- 
trol the This work now progress. 
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MISSOURI RIVER BANK PROTECTION 
OMAHA, NEBRASKA 


Current retards have been used with good results Omaha, Nebr. All 
other types bank protection heretofore used have been destroyed the 
Missouri River, which has swift scouring flood currents, shifting bed 
sand, and alluvial banks subject erosion. 


The current retards, pervious dikes, are made whole trees (from 
in. diameter), built out from the shore distance 100 300 ft. 
The butts the trees, which are placed stream, are tied together with steel 
cables, held bank cables running “deadmen” shore, and permanently 
secured with interlacing pile cables row submerged concrete anchor- 
piles placed ft. apart and 100 ft. stream from the retard. using 
these reinforced concrete anchor-piles, the problem security against deep 
scour has been solved. 

pile ft. long and in. square has center 4-in. jet pipe reduced 
nozzle. equipped with three upturned jets each side. 
With constant water supply pressure 200 per sq. in., the pile be- 
comes hydraulic giant excavator. 

The center jet digs down and the twelve side jets lubricate the sinking 
pile and remove side friction. Within min., the 20-ft. pile sunk 
depth from 100 ft., which below the limits scour the 
river. The 4-in. hose connection removed without shutting off the water 
supply. Six more cables are attached each anchor-pile before sinking. 

The pile not hammered and rests final position perfect condition. 
soon the water shut off, the material through which the pipe has 
penetrated settles firmly around it. 

pile any length can sunk any depth through any material that 
can displaced under water pressure. The length and weight the pile are 
limited only the capacity the handling equipment. 50-ft. test pile 
sunk the sandy soil the Platte Valley carried 100 tons without settlement. 


Omaha, Nebr. 
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FLOOD PROBLEMS THE ARID REGION 


stream water, whether the smallest rill the largest river, generally 
has definite channel sufficient capacity carry its waters ordinary 
stages. When these stages are exceeded, some streams overflow their banks, 
and this gives rise flood problems. Not always, however, can stream 
overflow its banks even the highest stages. 

The Colorado River furnishes illustration stream which can not 
overflow its banks some parts, but which can and does so; frequent 
intervals, others. Throughout the canyon region, where the main stream 
and its tributaries are rapidly eroding their channels, there opportunity 
for the formation valleys, and the sides the canyon are much higher 
than the summit the largest floods. its lower reaches, however, the 
river emerges from the canyon, and loaded with the sediment collected therein, 
traverses valleys which have been built such sediment, and, ordinary 
stages, follows its channel the sea and there deposits its heavy load, 
building delta its mouth and constantly increasing its length 
this means. order maintain the grade necessary carry the sedi- 
ment, the river must build its channel rate corresponding the 
lengthening produced delta formation its mouth. This tendency 
the grade the river decreases, its velocity and capacity 
for carrying silt decrease the same time. Therefore, the stream deposits 
its sediment and builds its bed, which has the effect increasing the 
grade from that point down. has also the effect increasing the tendency 
overflow and, overflow, causing deposit sediment the flood- 
plain. 

Thus, every muddy stream like the Colorado the Mississippi in- 
creasing its length and building its flood-plain overflow. this process, 
such rivers form great alluvial valleys attractive agriculture and, there- 
fore, population and the growth cities. Many the most fertile 
valleys the world flood-plains great rivers which are threatened with 
constant tendency overflow and consequent damage life and prop- 
this tendency greatly aggravated geological 
change: This the eastern plain China and the lower reaches 
the Amazon, where gradual geologic subsidence has made the middle course 
the river lower than been had been built 
without other modifying influences. 

northern latitudes, occasional floods may caused mainly ice gorges, 
which occur times moderate freshet. obstructing the escape water, 
they cause overflow out proportion the quantity water involved. The 
majority floods, however, are caused excessive rain sudden melting 
large snow accumulations or, frequently, both these causes. The problem 
control includes not only the study precipitation, but the conditions 
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affecting the opportunities for escape flood waves, including slope and 
channel capacity. most. cases, the problem many-sided. All the regions 
suffering the floods, under investigation, must studied, and the remedies 
proposed should considered from the standpoint their influence all 
concerned. certain city protected solely means levees and channel 
widening and rectification, such work will have beneficial influence the 
areas below, and may even slightly increase the difficulty. detention 
reservoirs are used, their effect must carefully considered with respect 
all interests down stream. 

general, the benefit detention reservoir must mainly local. The 
flood problems Dayton, Ohio, and vicinity have been solved mainly 
detention reservoirs, which benefit flood conditions that point and 
gradually diminishing extent below, but some point down stream, the 
benefits these detention reservoirs disappear may even become negative. 
For example, widespread storm, the peaks discharge from different 
tributaries generally reach the main stream different times, and detention 
reservoirs the stream from which, otherwise, the peak would arrive first, 
might make simultaneous with that from the other stream 
and increase the maximum flow the main stream. Some such combination 
almost sure happen occasionally any large complex drainage 
provided part with such reservoirs; but similar detention reservoirs are 
provided both streams that they are retarded about equal amounts, 
this menace eliminated. 

Every great flood, such that Dayton 1913, that Pueblo, Colo., 
1921, fixes attention the immediate locality and necessitates the solution 
its problems. the same time, calls attention this menace other 
regions, and one may certain that, population increases and time goes 
on, the necessity solving flood problems will brought more and more 
forcibly attention. 

Storage for flood protection is, great extent, antagonistic storage 
for other purposes. For irrigation, power, municipal supply, the proper 
use reservoir generally demands that operated such way 
keep storage the largest quantity water consistent with the necessary 
draft for use, and these drafts are gradual and more less regular. Flood 
prevention, however, demands that, far practicable, the reservoirs built 
for this purpose held empty receive and store the floods they are 
designed control. Whenever reservoir used for both purposes there 
tendency for the dominating object encroach the domain the 
other, and, general, different reservoirs distinct capacity one reser- 
voir, must devoted flood prevention and the various uses required. 
Notwithstanding these tendencies, almost any even devoted 
entirely industrial uses, will have some influence regulating flood waves. 
many cases, the flood wave may reach partly filled reservoir and the 
extent the available storage, the flood will stored and thus controlled. 
Even the reservoir full the time maximum flood flow, the surface, 
large, will serve flood regulator while the accumulating waters raise 
the level the lake the point where the spillway accomplishing its 
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maximum discharge. Such function performed every large lake and 
sometimes constitutes important regulator river system. 

Reservoirs provided the Federal Government primarily for irrigation 
have sometimes proven important regulators flood discharge. 1909, the 
spring flow the North Platte River greatly exceeded any previous record. 
The Pathfinder Reservoir received this flood flow, and, with all outlets opened 
full capacity, the reservoir was nearly filled the time the river reached 
its maximum discharge. The results that season’s experience indicated 
that had not been for the regulative influence the Pathfinder Reservoir 
damages the valley below, the inundation farms and towns and the 
destruction bridges, would have amounted nearly much the cost 
the dam. 

Material benefit flood protection has resulted from the construction 
the Roosevelt Reservoir, the Salt River, Arizona, although was not 
designed and not operated for such purpose. This also true, less 
degree, the Shoshone Reservoir Northern Wyoming, the Boise Reservoir 
Idaho, and others. 

One reservoir the Reclamation Service—the Butte 
Reservoir New Mexico—has been designed and operated for both purposes, 
primarily for irrigation, and, secondarily, for flood control. Its capacity 
large, and not expected fill frequently, but when does fill, likely 
year when considerable water would run waste. The shallow 
river bed which extends through the highly improved valleys, overflows easily, 
and desired restrict the flow the capacity the channel, about 
8000 sec-ft. The drainage below the reservoir, normally dry, sometimes 
furnishes flow this quantity and, such times, proposed close 
the reservoir until the peak the local flood has passed and, other times, 
limit the discharge from the reservoir quantity that the river channel 
can carry with safety. For this purpose, about acre-ft. capacity 
the reservoir reserved. the water level approaches the spillway lip, 
begins discharge through four wells into tunnels passing under the spill- 
way, and continues discharge during the rise the reservoir while filling 
the 400000 acre-ft. capacity reserved for flood control. When the spillway 
begins discharging additional water, the wells will closed rate hold 
the discharge the desired capacity, and soon practicable, without 
exceeding that capacity, the reservoir emptied the level the wells. 

The peak the great flood will seldom coincide with the filling the 
reservoir, but when this does occur can operated the manner described 
and the discharge can thus restricted the safe capacity the river 
channel below. 

past years, the floods the Rio Grande have caused millions dollars 
damage railroads and other property its valleys. The damage would 
greatly increase with the increased settlement and development the valley 
under irrigation, was not for the protection the reservoir. With this 
protection, the damages will reduced comparatively small amount. 
Such result, however, depends the fidelity with which the plan carried 
out, which part the reservoir perpetually reserved for flood control. 
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The Sacramento River California subject great freshets, which 
cause much damage its valley. The State California and the Federal 
Government are expending large sums building levees and rectifying the 
channel. The results desired would promoted and cheapened the flood- 
control efforts could co-ordinated with the storage works planned, which 
can paid for mainly the irrigation and power interests dependent 
them. The storage proposed would not remedy the conditions, but 
would reduce the peaks the floods storage space was reserved for that 
purpose and works were operated. However, has not been possible co- 
ordinate the plans flood control and water storage this river the 
extent that desirable. 

the lower valleys, watered the Colorado River, the menace flood 
damage important. The Gulf California formerly extended northwest- 
ward point few miles above the Town Indio, about 140 miles 
from the present head the Gulf. The Colorado River emptying into the 
Gulf short distance south the International Boundary, carried for 
centuries its heavy load silt, gradually building great delta cone 
entirely across the Gulf and cutting off its northern end, which remains 
great depression. Most the water has evaporated from this depression 
leaving its bottom the Salton Sea, 300 sq. miles extent, with its surface 
about 250 ft. below sea level. The river flowing over its delta cone steadily 
deposits silt its channel and its banks overflow, that gradually 
builds its channel and its banks and forms ridge, growing higher 
and higher until the stream becomes unstable that breaks its banks the 
high-water period and follows some other course. this manner, past 
centuries, the stream has swung back and forth over its delta until this exists 
broad, flat ridge between the Gulf and the Salton Sea, and the summit 
this ridge has formed small lake, called Lake, about ft. above 
sea level. The direct distance from Andrade, where the Colorado River reaches 
Mexico, the head the present Gulf, about miles, and the distance 
the margin Salton Sea about the same. the latter 250 ft. lower 
than the Gulf, the slope the Salton Sea much greater than the Gulf 
California. This condition, together with the inevitable necessity for 
such alluvial stream leave its channel intervals, constitutes the 
menace the lands lying about the Salton Sea, known the Imperial Valley. 
there escape for water from the Salton Sea except evaporation, the 
river flowing into this sea, unless diverted, would gradually fill.it sea level, 
above, and submerge the cultivated land and the towns Imperial Valley. 

1905, the river turned its entire volume into the Salton Basin, eroding 
deep gorge and raising the level Salton Sea. submerged the salt 
works and forced the removal the main line the Southern Pacific Rail- 
road. great difficulty and expense, after many unsuccessful attempts, 
the river was returned its old channel February, 1907. The control 
the river would greatly facilitated the floods were reduced volume. 

The declivity toward Salton Sea great that, when the river flowed 
that direction, rapidly eroded deep gorge the alluvium Imperial 
Valley, and, the process, formed several cascades which gradually retreated 
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stream. this experience should repeated and the erosion continue for 
some time, would cause great damage and the flood the river the 
deep gorge would difficult control. first importance that these 
floods diminished abolished. 

The most feasible point which this can accomplished Boulder 
Canyon the northwest corner Arizona where the river forms the 
boundary between Arizona and Nevada. this point, has been demon- 
strated feasible build high dam forming reservoir almost any 
desired capacity 30000000 acre-ft. Such reservoir would able 
control the entire flow the Colorado River and permit its utilization for 
irrigation and power. keeping 5000000 6000000 acre-ft. the top 
the reservoir reserve for flood control and utilizing the remainder 
available for other purposes, the flow the Colorado can confined less 
than 25% its maximum flood discharge. 

The fluctuations this river are such that large reservoir capacity would 
available for flood control coincident with its use for other purposes. The 
largest floods generally come May June, and the low-water season 
the fall and winter. storing these floods, they would become available 
for useful purposes increasing the flow and, the same time, 
the flood damage would eliminated. true that the middle part the 
basin subject floods other times than the spring, and for this reason 
the maintenance the 5000000 6000000 acre-ft. capacity neces- 
sary care for such floods. The normal use the stored waters through the 
low-water season sufficient, however, make available the opening the 
flood season April, capacity which generally will about 10000000 
000 000 acre-ft. This capacity will then available for receiving and 
regulating the largest floods the river, which are those that come this 
season due melting snows. 

Other storage sites are available farther the basin, above the 
Grand Canyon the Colorado, but these sites would not satisfactory for 
flood control, because they would leave more than 50000 sq. miles drainage 
area uncontrolled. 

make the work complete, would also necessary have detention 
reservoir the Gila River, which occasionally sends short, flashy flood 
destructive volume into the Lower Colorado. These flood waves, however, 
are short duration and small total volume that although they 
menace engineering works, they not constitute such material danger 
the Imperial Valley that involved the long-continued spring freshets 
the Colorado. 
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SOME FACTORS AFFECTING THE PROBLEM FLOOD CONTROL 


Climate and topography introduce peculiar features the flood-control 
problems the Pacific Coast. This will explained briefly and few typical 
projects will cited, order make the underlying principles flood- 
control projects clear, rather than attempt exhaustive presentation 
thereof. 

The big floods the Pacifie Coast (excluding Alaska from this discussion) 
occur the winter early spring months the result heavy rainfall con- 
tinuing frequently throughout several days. The flood volume those streams 
the drainage basins which extend high altitudes where there may much 
snow the ground, may considerably augmented, times, the rapid 
melting the snow under the influence what generally termed warm 
rain. far known, however, appears safe attribute peak discharges 
rain the maximum possible intensity, intensity without 
any addition snow may assumed to:be effective producing maximum 
flood any warm rain that likely fall when there much snow 
the ground. 

The great cyclonic storms covering vast areas, they sweep easterly from 
the Ocean, are usually accompanied gentle rainfall continuing for 
several days. the storm passes and the wind swings from southeast 
southwest, the intensity the rain increases, becomes colder, and presently 
the wind will blow from the northwest and the storm over. The storm may 
followed immediately others, and the heavy rains these second 
and third, later, storms, which are predisposed produce extreme flood 
conditions. When winter season the wet type, the rain that falls 
during these finds the ground already saturated and large part 
the rain water must the stream. Another noteworthy peculiarity the 
Pacific Coast storms that they are not the intense type thunder-storms 
the Atlantic Coast and Middle West. Thus, for example, from in. 
rain per hour may expected relatively small water-sheds the East, 
whereas, the Pacific Coast, rarely that in. per hour exceeded. 
Another difference that there ice the lower reaches the Pacific 
Coast streams, and floods due ice jams not occur; neither frozen 
ground taken into account any the larger Coast streams. 

The drainage basins the larger streams the Pacific Coast extend into 
high mountain regions and parts these basins may covered with snow, 
which compacted more less the occasional rains. Therefore, the 
close the wet season, the ground may covered with ft. packed 
snow. There shrinkage times the season progresses; this shrinkage, 
however, does not always represent melting, but may due, large part, 
the compacting that results from rainfall light snow and from the 
melting surface layers the snow, which forms water that sinks into 
and aids compacting the lower layers. 


Engr., San Francisco, Calif. 
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definite statement can made the maximum rate which the snow 
the mountains will melt under the influence the rising temperature and 
the greater warmth sunshine when winter past, but this rate not 
productive the extreme flood conditions the river. Generally, the rain 
and snow storms that produce flood conditions, are most frequent January. 
They begin decrease frequency and duration February, occur rarely 
April, and, after May 1st, storms are expected that will have any great 
effect the flow the stream its valley course. 

will apparent that extreme flood conditions are most likely occur 
midwinter and that the larger rivers the Coast and those fed moun- 
tain snows will have long sustained spring and summer high stage. The 
snow has beneficial effect prolonging the time during which the streams 
are fair stages. The hydrograph the San Joaquin and Sacramento 
Rivers, for example, may show number peaks representing the flood stages 
winter and then long sustained moderately high stage, usually terminating 
July. The tributaries these rivers from the east, that is, those which flow 
into the valley from the snow-capped Sierra Nevada Mountains, behave 
similar manner. This feature makes these streams particularly valuable for 
irrigation. Even the Colorado and the Columbia partake similar char- 
acteristics when their lower reaches only are considered. Their flow little 
influenced the later summer storms, the high Rockies, which storms are 
usually local character and cover little territory. 

Coast streams, the flow the late summer and fall dwindles 
insignificance, except where part the water-shed porous and the flow 
equalized somewhat the release water from underground storage. Thus, 
for example, the Sacramento River, and below Red Bluff, would nearly 
dry the fall, was not for the great voleanic beds the Mt. Shasta and 
Mt. Lassen regions, which disgorge water long after the rainy season past. 
The flow reaching the Sacramento River throughout the year from such 
sources about 4000 sec-ft., and its principal tributary, Feather River, 
receives about 500 sec-ft. from similar sources. its valley section, the San 
Joaquin River receives return flow from irrigated lands, more than 300 
sec-ft. and this quantity expected increase with the prospective greater use 
water for irrigation. 

The effect deforestation the magnitude and frequency floods the 
Coast will only briefly discussed. The timber has been removed 
the usual wasteful manner customary the United States, but this removal 
has nowhere had any demonstrable effect the run-off from drainage basins 
considerable extent. The clearing land for farms has been relatively small 
and, usually, there much young timber and other vegetation the cut- 
over lands, that the ground has substantially the same degree protection 
under natural conditions. facts can cited that will throw any light 
the effect the forests either the frequency the magnitude floods. 

The following characteristics the problems the Pacific Coast are 
noted: 


river flows through valley the surface which slopes from 
both sides toward the river. Such the Columbia River its lower reaches 
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and the Sacramento River the upper part Sacramento Valley, from Red 
Bluff the mouth Stony and the San Joaquin River throughout 
most its valley course. 

2d.—The river debouches valley land, with bed slightly depressed below 
the general surface the ground, and “fingers” out, sending its flood flow into 
number channels which generally lack permanency and which overflow 
moderate, high stages, sending their waters broadcast over the land toward 
the main valley drain. Examples such rivers are the Calaveras, east 
Stockton, the rivers Los Angeles and San Bernardino Counties, California, 
and number lesser streams. 

river has built high banks the deposit sediment and 
flanked depressions commonly called basins. The Sacramento River, from 
Stony Creek Cache Slough, this type. 

area protected against inundation depressed area with 
drainage outlet, such the Tulare Lake region California and the Salton 
Basin which extends from California into Mexico. 

Where the floods rivers the first class are controlled, the problem 
involves either regulation the flow storage reservoirs protection 
levees, the area adjacent the stream that subject submersion. 
Levees will reduce the storage capacity the flooded area and will force the 
flood-plain. The discharge the peak the flood will increased, and 
suitable provision for adequate channel capacity the lower reaches the 
river must made. This problem now being worked out for the San 
Joaquin River, the particular question being the proper location the levees— 
how far shall they apart—and the increase channel capacity the upper 
end the river delta. Fortunately, however, the case this river, reser- 
voirs large capacity are being planned number tributaries the 
stream the primary use which for irrigation. These reservoirs, 
supplementing storage for power purposes already aggregating about 
acre-ft., will have some favorable effect the flood flow the main river. 
Even though all these reservoirs might full when great flood comes, they 
would, nevertheless, some measure, elongate the flood wave and thereby 
reduce the peak discharge. Among these may mentioned: 


Pine Flat Reservoir Kings River........... 600 000 acre-ft. 
Madera Irrigation District Reservoir San 

Excelsior Reservoir Merced River.......... 300000 
Don Pedro Reservoir Tuolumne River..... 250000 
Melones Reservoir Stanislaus River....... 


The Don Pedro Reservoir under construction and work the Excelsior 
Reservoir may begin early date. The principal effect such reservoirs 
will reduce the number floods. They will probably have comparatively 
little effect the maximum discharge the extreme flood, which expected 
only once twice century. The reasonableness this conclusion will 
appear when recalled that the normal annual water output the San 
Joaquin River about 000 000 acre-ft., but that the discharge, seasons 
heavy rainfall, may 000 000 acre-ft., more. 
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The flood-control problem the Pacific Coast has been complicated, 
other regions, human agencies and activities. example, the lands 
that were submersible high river stages along the Sacramento and San 
Joaquin Rivers under natural conditions were given the United States 
1850 the State California reclaimed. Provision for the disposal 
these lands private parties was made soon thereafter, the first Act fixing 
the sale price the land per acre and placing limit 320 acres 
the area that single person could purchase. few years later, this limit was 
raised 640 acres. 1861, State Board Swamp Land Commissioners 
was created with authority form districts and expend per acre 
reclamation works. 1862, the counties were empowered levy assessments 
when the cost reclamation exceeded per acre. 1865, there had been 
fifty-four Swamp Land Reclamation Districts formed. 1866, the powers 
the Swamp Land Commissioners were transferred the county authorities 
and, two years later, the limit the area permitted single ownership was 
removed. Nearly all the swamp and overflowed land holdings the State had 
been disposed within three years thereafter. 1874, the limit area 
purchasable single person was restored 640 acres. 

1880, Board Drainage Commissioners was created Legislative 
enactment but, year later, the Act creating this Board was declared 
unconstitutional. 1888, Congress authorized investigation determine 
the damage that had resulted California navigable waters reason 
mining operations and, 1893, created the California Débris Commission, 
which outlined the Sacramento Valley Control project, now well advanced. 

Under the original program the State, each owner land subject 
overflow was allowed protect himself best could. When the 
lands were sold, right-of-way reservations were made thought was given 
the larger question bringing the floods under control. Each landowner 
was permitted build his own defenses, regardless the effect his levees 
the stage water the river channel the spreading the flood 
over adjacent lands. Under the resulting system, each landowner each 
group landowners was arrayed against the other; the owners one side 
the stream were pitted against those the other. Each land-owner tried 
outstrip his neighbor the strength his levee immediately front his 
property. “If the levee must break, let some other man’s land,” was 
the prevailing sentiment. The landowner, living the bank the river, 
which under original conditions was barely submerged the river’s flood 
stage, soon found himself and his possessions behind high embankment 
earth, softened, perhaps, long continued rains, with the water the river 
steadily rising toward the top this dike and the menace increasing, until 
somewhere the dike must give way. not surprising that under such 
resented the fact that here and there the head swale, 
high-water channel, leading away from the main stream, had been closed 
the process land reclamation and that the river had been forced carry 
more water than Nature had intended. Thus, sometimes happened that 
the height flood, dam, closing some such depression, would cut, and 
the river would find relief, flooding the lands the other side. 


% 
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What should have been done the beginning was not done until within 
recent years. There was comprehensive flood-control project until, 
1908, the California Débris Commission, composed members the Engineer 
Corps the Army, recommended the plan that was subsequently 
approved both Congress and the State California. this time, however, 
the private attempts reclamation were extensive. Bank lands, large 
extent, had become highly improved and many settlements, towns, and cities 
were firmly established the river front. None the overflowed land could 
re-purchased for rights way price anywhere near that which the 
State had sold it, and when came providing for passageway for the water 
which the river channel could not carry, the owners each side the valley 
wanted the burden thereof placed the other. 

The Sacramento River Flood-Control Project.—In its course through the 
Sacramento Valley, after passing the mouth Stony Creek, the Sacramento 
River presents peculiar problem. both sides are flood basins into which, 
under natural conditions, there was large over-bank flow every winter 
freshet and also during the protracted spring high stage. the west side 
the river are the Upper and the Lower Colusa Basins and, farthest down 
stream, the Yolo Basin. the east side are Butte Basin, above the 
Marysville Buttes; then, Sutter Basin which lies between the Sacramento River 
and its principal branch, the Feather River; then American Basin just above 
American River; and, finally, Sacramento Basin, which extends south from 
American River into the delta region the two rivers—the Sacramento and 
the San Joaquin—the waters which intermingled flood vast swamp- 
land area before reaching their common outfall point into Suisun Bay. 

The Sacramento River, its course between basins, occupies deep channel 
flanked narrow strips high bank land. some points, the banks are 
ft. higher than the land mile mile back from the river. The 
river, from point known Tisdale Weir, about miles below Colusa, 
the mouth Feather River, about miles, when flood stage, can carry 
only about one-eighth the water—30 000 sec-ft.—as compared with total 
pronounced degree, the other valley sections the river, has led the 
adoption the following basic principles, planning flood-control works: 


(1) Confine the river all the water that can safely carried between 
well located levees reasonable height. 

(2) Allow the water excess the river capacity, thus created, 
over the bank selected points under control. 

(3) Prevent the general inundation lowlands confining this surplus 
water between embankments that will conduct re-entry into the lower 
reaches the river into Suisun Bay. 


The adopted project based these principles includes the cutting off 
bends and the widening and deepening parts the river. The most 
important channel enlargement the project that the lower reaches 
the river. The project has the effect withdrawing vast areas valley land 
from inundation, over which, under natural conditions, the floods could spread, 
the great basins acting retarding reservoirs. Their withdrawal has the 
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effect raising the river’s discharge the peak the flood. this respect, 
the Sacramento River flood-control project diametrically opposed that 
adopted Dayton, where artificial retarding basins have been provided for the 
purpose reducing the peak discharge. 

When the basic principles previously mentioned were first presented the 
speaker and his associate, Marsden Manson, Am. E., the funda- 
mental consideration prime interest the individual landowner and 
the State was the reclamation submersible lands the Sacramento Valley, 
almost 1000000 acres extent. These lands were protected against 
overflow. Consequently, the preliminary suggestion did not involve the 
permanent exclusion the lands any basin from the benefit flood pro- 
tection. However, when the basic principles were adopted, some the basins 
should have been reserved serve permanently retarding basins. The 
advantage incorporating this feature the final plan was not recognized 
and the project being conducted the original program. Only the case 
Butte Basin, which has little value retarding basin, has been decided 
permit the floods spread. Sutter Basin the one basin which obviously 
could have been greatest service reducing the maximum flood flow 
the river, but the engineers failed emphasize this fact and the reclamation 
this basin the total exclusion flood waters has been permitted. 

The flood-plain the river for flood stage similar that March, 
1907,* was assumed, and elevations were fixed, which desired shall not 
exceeded when there recurrence such flood. The height levee 
tops above this flood-plain was fixed ft. Estimates were made 
the quantity water that the river channel can carry such flood stage 
and the places were selected which relief would have afforded pro- 
viding outlets. these points, such the old Tisdale Weir, already men- 
tioned, Fremont, near the mouth Feather River, and near Sacramento, 
concrete structures have been will provided, over the crests which 
intended that the surplus water shall flow when the river stage approaches 
the danger line. extreme floods, expected that several hundred thou- 
sand second-feet water will get out the river channel above Colusa. 
the Tisdale Weir, 000 sec-ft. will leave the river. This water will con- 
fined between earth dikes and led re-entry into the river its junction 
with Feather River. the capacity the main channel below the Feather 
River inadequate, further provision for relief has been made there. Fre- 
mont Weir, the right bank the river, will provided, and the water 
passing over this weir will flow through Yolo Basin between dikes, levees, 
which are about two miles apart. The areas between these levees have 
been called “by-passes”. The work constructing the river, the by-pass 
levees, and the relief weirs now well advanced, and the flood-control project 
nearing completion. Although definite estimate available the 
effect which the reclamation the up-river lands will have the maximum 
flood discharge the lower river, provision for greatly increased channel 
capacity being made dredging, which being done the Federal 
Government. The cost the dredging divided equally between the United 


Transactions, Am. Soc. E., Vol. LXI (1908), 281. 
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States and the State California. The capacity this part the river 
about 600000 sec-ft. This capacity compared with 200000 
250 000 sec-ft., which was peak discharge high flood stages before natural 
conditions were disturbed human activities. its lower reaches, the river 
enlarged from average width about 250 ft. ft. Suction 
dredges are used for most this work. 

The by-passes are from few thousand feet several miles width. 
many seasons, they will receive very little water; there has been hardly more 
than bank-full stage the river for the last three four years. Even 
flood years, unforeseen breaches the river by-pass levees not occur, 
the by-pass areas, after flood stage, will quickly drain and will available 
for summer crops. 

1889-90, member the State Examining Commission Rivers 
and Harbors, California, the speaker, the report that Commission, 
stated* 


“The State should modify its reclamation policy. All lowlands 
adjacent the basins along Sacramento River, together with the delta lands 
this stream, should one drainage district, and all similarly situated 
lands along the San Joaquin River should another, defined competent 
State authority—by State Board Public Works—and all work for the 
improvement drainage should planned such Board, under its 
supervision, and provision should made have the work paid for propor- 
tion benefits resulting therefrom.” “This Commission unan- 
imous the opinion that these waterways [referring the 
Sacramento and San Joaquin should, the interest navigation, 
well secure rapid delivery flood waters into the Bay, treated 
that they shall flow their utmost capacity before any water allowed 
escape from them, and that water should escape from any relief outlet 
whether natural artificial, any longer than may required prevent 
rise water above danger line, which should established from time 
time competent United States State authority.” 


After this report was made, more than twenty years elapsed before com- 
prehensive plan was worked out for the control the floods the Sacra- 
mento River. This plan was submitted Congress 1911 the Secretary 
War the recommendation the California Débris Commission. The 
estimated cost the project was $33000000. Approval was given the 
report the California Débris Commission special session the Legisla- 
ture California, the same year (1911). 1917, Congress adopted the 
project and committed the United States expenditure 600 000 for 
the construction relief weirs, the improvement and rectification river 
channels, and the enlargement the Lower Sacramento River below Cache 
Slough. The amount named was one-half that still needed 1917 for 
these features the general project. The State committed furnish 
funds like amount and the remainder the cost provided the 
owners the lands proportion the benefits. The total expenditure 
the project date has been more than $20 000 000. 

State Reclamation Board, composed seven members, not only plans 
and directs the work, but also has some jurisdiction over private works 


Report Examining Commission Rivers and Harbors, California. 
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reclamation and flood protection, which must built conform the gen- 
eral features the project. 

For the Sacramento relief outlet, the City Sacramento advanced the 
necessary funds and took charge planning and building the structure. 
understood that, for this contribution, proper credit will given the 
final collection assessments. 

The White-Stuck and Puyallup Rivers Flood-Control the 
State Washington near Tacoma problem with some unusual features. 
The White-Stuck and the Puyallup Rivers are being brought under control. 
The White and the Puyallup Rivers, which descend steep gradients from 
the mountains coastal plain, carry great quantities detrital matter and 
drift. The fall decreases where the flat coastal plain reached and deposits 
boulders and drift are likely occur, which frequently are such magni- 
tude that the rivers are forced out their channels. During flood Novem- 
ber, 1906, the northerly channel White River was thus clogged with drift 
and the entire flow was turned south into the Stuck Valley Branch, which 
enters the Puyallup River few miles above the Town Puyallup. Engi- 
neering studies this situation have led the adoption King and Pierce 
Counties, joint flood-control project, which Roberts, Am. 

Many engineering reports this project have been made from time 
time, from which few noteworthy facts have been gained. was found 
desirable hold White River permanently its new course through Stuck 
Valley, through which originally sent only about one-third its flood 
flow. The first estimates channel capacity for flood discharge were too 
low, and, according later estimates, capacity sec-ft. required. 
secure this capacity, the channel Puyallup River had straightened 
and enlarged, the old channel filled part, and the banks protected against 
erosion. The northerly channel White River was permanently closed 
dam, the concrete face which had protected against undermining. 
Provision was made, also, for the interception and removal drift. 

Most the channel excavation was done with suction dredge, which, 
after the work was finished, was sold the Imperial Irrigation District where 
they were used keeping down the bed load sand the Imperial Canal. 
Various types bank protection have been tried, several which have been 
successful. Among these may mentioned heavy concrete blocks strung 
together wire cable, which blocks are ft. long, ft. wide, and ft. thick. 
Another successful type bank protection, used the tidal sections the 
river, was concrete facing the bank above low tide with overlap 
the concrete brush mattress which was well ballasted with rock con- 
blocks. The concrete bank facing about in. thick, laid slabs, ft. 
wide, separated strips wood in. wide. 

The device used for the interception drift consists barrier steel 
cables supported thirty large diamond-shaped blocks concrete, each 
block weighing about 330 tons. The total length the barrier about 000 
ft., the openings between the concrete blocks being about ft. the clear, 
across which ten 1-in. steel cables are stretched. This barrier has functioned 
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quite successfully. After flood stage, the accumulated drift removed and 
burned. 

The cost the work the White-Stuck and Puyallup Rivers from 
January, 1914, the end 1919, was about 630 000. 

The Flood Problem Los Angeles rivers Los Angeles 
and San Bernardino Counties, California, present problem with somewhat 
similar features. Only the San Gabriel and the Los Angeles Rivers need 
cited illustrative the situation. The Los Angeles River breaks from 
its high mountain water-shed, 170 sq. miles extent, debouching detrital 
cone which composed boulders, cobbles, gravel, and sand—a porous mass 
over which the waters the river flow ill-defined channels, the most 
significant which lack permanency. There are well- 
defined depressions give direction the water, and the channels left 
the freshets are broad sand washes with occasional well-defined banks. The 
gradient this part the river’s course relatively steep. Along the ribs 
the detrital cone, the fall generally about ft. per mile. The supply 
detrital material seems limited only the capacity the river carry 
it. When the major floods occur, they flow over the gravel cone the head 
San Fernando Valley, filling old channels and eroding new ones and, 
the flatter parts the valley, the water spreads out assemble again 
single well-defined channel Los Angeles, where the river breaks through 
range hills that separates the San Fernando and the San Gabriel Valleys 
from broad coastal plain. The floods are then discharged beyond this range 
hills the coastal plain which has been built up, the course ages, 
the deposit river silt. this last lap the ocean, not surprising 
find that the river has many times changed its course and has changed 
also the point which has delivered its water into the ocean. Its mouth 
has shifted between points thirty miles apart. The coastal plain, except along 
its inland margin the base the outlying range hills previously men- 
tioned, has flat gradient the ocean. The river channel across this plain 
shallow and unstable, and each recurring flood may mark out new course 
some outfall point miles away from where had been discharging. During 
flood stages, the Los Angeles River, together with the San Gabriel, menaces 
more than 300 sq. miles the area Los Angeles County. 

This brief description the Los Angeles River, largely from data as- 
sembled Lippincott, Am. E., applies also the San 
Gabriel and the Santa Ana and somewhat less pronounced manner 
the San Diego River. 

When recalled that distinctive floods occur about once nine ten 
years, and that, the intervals, the broad sand washes the upper valley 
invite cultivation, will seen that these sandy areas could readily re- 
garded and were treated areas over which waters ran wild, and their owner- 
ship passed into private hands. Old channels and submersible areas have 
become highly improved farms and are flanked with towns and cities and 
valuable improvements. such circumstances, not surprising find 
the damage done the floods the two rivers 1914, for example, have 
been estimated Mr. Lippincott more than 500 000, and the incidental 
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depreciation property values given him possibly more. 
addition, there was great damage Los Angeles and Long Beach Harbors 
into which the rivers deposited large quantity sand and silt. 

solving the flood problem Los Angeles County, provision must 
made for reducing the flood flow the Los Angeles and San Gabriel Rivers 
from their present maximum discharges about 35000 and 25000 sec-ft., 
respectively, any material reduction possible, storage and works 
for spreading the flood flow over broad areas the upper parts their 
previous débris cones and then confining the flood definite channels with 
revetted concrete-faced banks. This work will include permanent di- 
version the flood waters both rivers from the Harbor San Pedro (Los 
Angeles). 

The work being carried out district organized under State law. 
This district co-extensive with Los Angeles County, and its affairs are 
managed Flood Control Commission. About has already been 
expended this project under the direction Mr. Reagan, the County 
Engineer and Chief Engineer the Flood Control District. far most 
the work has been the valley part the rivers, the heavier work the 
mountains being deferred account the relatively high cost providing 
reservoirs for holding back flood waters. reported that the ten more 
dams, which are constructed hold back flood waters, one—the Devils 
Gate Dam—is nearing completion, and ground has been broken for second, 
the Pacoima Canyon Dam, the estimated cost which $1500000. Two 
other dams are undertaken within the year. 

For the main canyon the San Gabriel River and the Tejunga Wash 
the drainage basin the Los Angeles River, dams are discussed (although 
they may not yet have been definitely incorporated project features), which 
would cost about $15 000 000 and $20 000 000, respectively. 

the official report the proposed project Mr. Reagan, submitted 
January, 1917, the Board Supervisors Los Angeles County, the required 
work referred follows: 


“The work resolves itself into four parts: First, the construction both 
large and small dams the mountainous areas; second, the protection the 
banks the smaller streams together with spreading and storing waters 
these streams for beneficial use; third, the straightening and rectification 
through river training and bank protection the major streams; and, fourth, 
protection the harbors and shipping interests.” 


Then follows brief enumeration the principal project features and 
statement the effect that training walls are built that the power 
the rivers for good may utilized governing and straightening their 
present tortuous channels: 


“These training walls will consist double row piling about ft. 
apart, the up-stream face which will placed wire fencing, and the 
space between the piling filled with brush and rocks. the especially danger- 
ous points and down the streams, bank protection will used, order 
confine these waters within the single channel, and prevent the disastrous 
wanderings these streams across the fertile valleys between the mountains 
and the sea. general, this bank protection will consist double row 
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piling, possibly single row piling, faced with barbed wire hog wire, 
and the space between the two rows piling, where the bank steep, 
between the single row piling and the cut bank, filled with brush and 
weighted down with stones. all instances, the growth willows and all 
trees with good, deep, firm root system will encouraged along the banks 
and behind and and among this bank protection. the detritus cone 
the San Gabriel River above Monte there will excavated channel 300 
400 ft. wide and about ft. deep. The material from this excavation will 
placed levees either side the stream distances varying from 600 
ft. mile, the area between the minor channel and the levees act 
spreading ground for the waters, that they may absorbed into underground 
storage for beneficial use.” 


dike proposed for the diversion flood waters from the Harbors 
Los Angeles and Long Beach. 

The Control Floods Stockton, Calif—The Calaveras River has been 
cited example the second type. The City Stockton, Calif., lies 
the heart the area, which was subject frequent submersion the flood 
waters Calaveras River. This river small stream with 491 sq. miles 
low mountain water-shed and practically dry the summer and fall. Under 
natural conditions, the river, near the point where reaches the easterly 
margin the San Joaquin Valley, spilled its floods over its banks and these 
waters flowed westerly, following natural swales and depressions, out- 
fall the swamp-land areas westerly from Stockton. These waters had cut 
channels which, their lower reaches, were large capacity, but which, 
many cases, “fingered” out mere swales their heads some distance cast 
from Stockton. There was junction several these high-water channels 
Stockton, forming Mormon and Stockton Sloughs, the lower reaches 
which are sea level and have always been navigable. Because the annually 
recurring high waters brought down much silt which became obstruction 
navigation the Stockton Channel and increased the maintenance charges 
against this waterway, the Federal Government undertook the construction 
diverting canal, the right way and the general plan which were pro- 
vided the City Stockton. This diverting canal was given oblique 
position across the natural slope the country, and the excavated material was 
deposited its westerly down-stream bank. Its original capacity was 
about 7000 sec-ft. The flood flow diverted four five times this 
quantity consequently, this canal, although affording protection lands the 
west, has had little, any, effect reducing the inundation lands the 
east. even claimed some that matters have been made worse instead 
better, particularly the canal does not appear have sufficient grade 
give the water scouring velocity and silt deposits are reducing its capacity. 

known that, the mountains, there are reservoir sites ample capacity 
reduce the flood flow that can readily conducted its outfall into the 
San Joaquin River existing slightly modified channels. Obviously, 
reservoir control the floods should here made project feature. 

The Flood Problem Tulare Tulare Lake region and the 
Salton Basin have been referred illustrative projects the fourth 
type. With Tulare Lake, area about 750 800 sq. miles extent comes into 
consideration. After the great flood year 1861-62 this lake reached very 
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high stage. fell somewhat the succeeding years, but again rose 1867-68 
about the former level, which generally accepted its highest known 
stage. gradual recession the lake water has taken place since and there 
has been little northward outflow from the lake since 1876 1877. 
1898, the lake went dry and has been dry again number seasons since 
1904. Much the land laid bare the receding waters very fertile, and 
farming has become quite extensive and profitable. The risk recurrence 
high stages the lake has been considered slight that permanent 
improvements have been built though return such wet conditions 
are known have within the memory man, would never happen 
again. lines and towns are located land that one time was 
well within the lake. 

Tributary this depressed area are the water-sheds the Kern, Tule and 
Kaweah Rivers and, partly periodically, Kings River, together with 
number lesser drainages and quite extent Coast Range hills which, 
however, the rainfall has always been very light. 

The barrier across the “thalweg” the San Joaquin Valley, which 
due the Tulare Lake depression, was built Kings River. unrestrained 
levees this river would send part its flood flow south into the lake and part 
north join the waters the San Joaquin River. Regardless what 
disposition made the discharge Kings River, the flood menace the 
Tulare Basin will remain. adequate provision has been made for the 
and by-passing the flood waters from the other rivers. All 
these streams are allowed reach the lowest depression, and the attempt has 
been made hold the water check rises under the influence rains 
and melting snows means levees. seasons light rainfall, 
all the levees may hold, but flood years one line levee after another 
breaks, and the crops year two much the lake bed may lost. 
The greatest safety lies well toward the old high-water line, but, unfortu- 
nately, these lands, rule, are the least fertile. 

The conviction seems quite general that natural conditions, due 
mainly the extensive use water for irrigation, have been changed that 
Tulare Lake will never again rise its one-time high stages, and consolation 
found some the fact that since 1889-90 there has been season 
which the rainfall approached this region’s probable maximum twice the 
normal. The unwelcome truth should recognized, however, that irrigation, 
when the next very wet year comes, will not materially reduce the volume 
flow into Tulare Lake, and there sound basis the opinion that the climate 
has changed and that there will more extremely wet years. the 
northeastern margin the lake, was the fall 1882—about ft. 
below extreme high-water mark—the speaker sketched group willow 
stumps, one hundred more number, some which were ft. diameter. 
would not have been possible for trees have attained that growth the 
lake had not been low stage for many years some time preceding 1853, 
its history being known since that date. Indian tradition confirms this, 
referring time when the lake had contracted two small ponds, with dry 
land between. This period low water must have been followed series 
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years when the lake was moderate elevation. The trees died, and the 
wood above water decayed, leaving the jagged ends their stumps from 
ft. above the surface the ground. These stumps which, doubt, have 
long ago succumbed farming operations, were located the south bank 
the Mussel Slough, one the original high-water branches Kings River. 

There is, therefore, comprehensive plan for the permanent reclama- 
tion Tulare Lake lands, and not much likely done securing such 
plan until disastrous flood emphasizes the menace. 

The Flood Control Problem Lower Colorado Salton Basin, 
which the southern part known Imperial Valley, was, certain pre- 
times, the outfall point Colorado River. This basin the depres- 
sion below sea level, which, the course ages, has been cut off from the 
upper northern end the Gulf Lower California. one time the 
Gulf extended and beyond Indio, Calif., station Coachella Valley 
the Southern Pacific Railroad. The silt delivered the Colorado River into 
the Gulf has built broad delta cone that has its apex near Yuma, Ariz., 
elevation about 120 ft. above sea level, and that extends, with broad, 
flat crest, across the valley southwesterly direction, about miles the 
Cocopah Mountains. 

sediment ridge, flat the eye, has thus been built, that separates the 
Salton Basin from the Gulf. The lowest point this ridge about ft. 
above sea level and this elevation that old beach line readily 
traceable around the Salton Basin. About 2000 sq. miles the Imperial 
and Coachella Valleys lie below this old beach line. The lowest point the 
basin about 287 ft. below sea level, and all the cultivated areas the valleys 
are below sea level. 

Evidence unmistakable that, prehistoric times, the Colorado River 
has swung back and forth its delta cone, discharging for time into the 
Salton Basin and, again, into the Gulf, just the Amu Darya, river 
Asia—the Oxus ancient history—periodically flows into the Aral Sea and, 
again, into the Caspian Sea. 

Due early explorations the Spaniards, known that, for 500 years, 
and probably much longer, the Colorado River has held its course into the 
Gulf California, except little more than year (1905 1907), during 
which took course the north and filled the Salton Basin depth 
ft. 

Just north the point where the southern boundary California reaches 
the river, water has been diverted from the Colorado River, during the last 
years, for the irrigation lands the Imperial Valley. canal large 
capacity was required and the erosive action the water was the main agency 
first construction. later years, dredges have been use bettering the 
alignment the canal and building its banks. The summer flow 
this canal about 6000 sec-ft. The canal takes course through Mexico, 
this course being made necessary topographic features. The area under 
irrigation with water from this canal may given, round numbers, 
420 000 acres the Imperial Valley, California, and acres Mexico. 
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The silt carried the Colorado River amounts about 0.8% 
weight about 112000 acre-ft. compacted material per year. The 
banks the river their natural condition were densely overgrown with 
cottonwood and willow trees, weeds, and grass, that the annual overbank 
flow, the delta reaches the river, was obstructed and had tendency 
erode the ground and form pronounced high-water channels until was 
some distance from the main stream. The permanency the river its 
original course was thus fairly well assured. artificial channel con- 
centrated the outgoing water that commenced cut channel. When this 
was once started, could not stopped, and 1905 small dredger cut, made 
1904, became the main river channel, and for year the river poured its 
water into Salton Basin. With great difficulty and large expense, operating 
Mexican territory, the river was turned back into its natural channel 
December, 1906, the Imperial Irrigation District, only break out again 
few weeks later. was then successfully turned back through the agency 
the Southern Company. this time, the whole aspect the delta 
region had changed. and grass had died and fires had cleared the 
ground that thereafter overbank flow was less impeded than had been 
previously. 1909, the inevitable happened; the river broke through its 
west bank, Mexico, about opposite the southern boundary line Arizona, 
and appropriated and enlarged the overflow channel known the Rio Abejas, 
Bee River, which flowed westerly into Voleano Lake and thence 
various channels and across country toward the south, with its outfall into the 
so-called Hardy Colorado. 

was necessary build levee just north Lake to. keep the 
water from taking northerly course. Under natural conditions, outlets 
from this lake carried the water well the north the south. low 
levee had constructed there, 1908, the lake had already commenced 
show its tendency overflow the low, flat bank lands. The silt and drift 
which the Colorado River has now been unloading the Lake region, 
have warped this area and have brought the flood-plain average rate 
practically ft. per year. building has kept pace with this rise, that 
present the Voleano Lake levee has height about ft., railroad track 
its top, and its southerly water face heavily rip-rapped. Much the 
material which this levee built was hauled train, because the western 
miles levee rests ground too alkaline for use levee building. 

About has been expended this flood-control work, this sum 
having been contributed mainly the Imperial Irrigation District Cali- 
fornia, but expended 

Desultory attempts are now being made coax the river into location 
more the south its present course, but even these attempts should 
successful, partly so, they will not solve the flood problem the river. 
There only one course taken; the river must placed direct 
course the Gulf; not necessarily way the old channel, which tortuous 
and lacks capacity, but some location fairly parallel thereto. Then, 
matter equal importance, the number floods and particularly the long 
sustained summer high the river should the construc- 
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tion reservoir large capacity somewhere the lower river. The 
Boulder Canyon site has been suggested for this purpose, and studies the 
feasibility high dam that canyon have been made the Reclama- 
tion Service. 

The Boulder Canyon Dam site just above the point where the Colorado 
River makes its abrupt turn from westerly southerly course and 
miles below the mouth the Virgin River. The canyon reported about 
250 ft. wide for distance mile. The sides the gorge are steep, and the 
rock granite. The project for storage this site, now favored the 
Reclamation Service, involves the construction dam that would 
about 550 ft. height above the present low-water surface the river. The 
storage capacity the reservoir created such dam would more than 
000 000 acre-ft. annual discharge Colorado River this point 
ranges from about 000 000 000 000 acre-ft., and the normal annual dis- 
charge the river about 15000000 acre-ft. large part the storage 
space would the lower valley the Virgin River. The water full 
reservoir would extend stream the lower end the Grand Canyon. The 
reservoir could manipulated that would eliminate the lower river 
flood menace from the up-river high stages. would regulate the flow the 
river for irrigation purposes and would justify the installation power 
plant with output capacity about 700 000 

This reservoir would completely remove the flood menace the Colorado 
River lands Palo Verde and other points above the mouth the Gila. 
would also prevent all extreme flood stages below the Gila, except those 
infrequent occurrence caused the Gila itself. The Boulder Canyon 
Reservoir, together with the outfall correction into the Gulf California, 
would adequately solve the flood-control problem the Colorado River. 

The cost providing reservoir the Boulder Canyon site generally 
given about $50 000 000. The agency which should out the regulation 
the flow the Lower Colorado River the interest irrigation, for the 
development power and for flood control, the Federal Government, which 
the only agency that can speedily carry out the rectification the alignment 
the river Mexico. There should once some understanding reached 
with Mexico, under which the United States will permitted this work 
and maintain any newly established outfall channel, and this understanding 
might well coupled with some arrangement for delivery Mexico some 
the water stored Boulder Canyon, subject, however, proper 
adjustment the costs the work according the benefits conferred. 
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FLOOD CONTROL THE MIAMI VALLEY, OHIO 


The flood March, 1913, was the greatest ever recorded the Miami 
Valley. Large sections the business and residential districts Dayton 
and Hamilton, Ohio, were inundated depths ft. Dayton, 
the levees guarding the down-town district were overtopped ft. more, 
and the peak flow through the city exceeded the capacity the river channel 
nearly 300 per cent. Similar conditions prevailed other cities and towns 
the Valley. The property loss was estimated $100 000 000. 

Relief committees were organized the different cities immediately after 
the flood and plans for the prevention future floods began formu- 
lated. Each community worked independently first, the thought being 
that the desired results could accomplished channel enlargement. Soon 
after engineering study was begun, however, became apparent: First, that 
channel enlargement alone, the extent required, was not practicable; and, 
second, that the people one city, alone, could not adequately protect them- 
selves, and that was job for the people the whole Valley undertake 
unit. combination channel improvement and retarding basins was 
the final solution the problem. 

Under the Ohio laws, there was practical way for the people the 
Valley organize unit, and became necessary, therefore, enact 
legislation for that purpose. The Act Ohio, passed 1914, 
paved the way for the organization the Miami Conservancy District, 
which was effected soon thereafter. 

This Act provided that complete outline the proposed work, known 
the “Official Plan”, including plans, specifications, and estimates cost, 
prepared the Directors the District and submitted the Conservancy 
Court for approval. The Court for the Miami District com- 
posed one Common Pleas Judge from each the nine counties affected. 
Immediately after the organization the District, work was begun the 
preparation the Official Plan, and large engineering force was employed 
for more than year getting ready submitted the Court. The 
case was then set for hearing, which any interested person could appear 
and make objection the plan whole, suggest changes any par- 
ticular. Some opposition had developed, particularly among the owners 
lands that would required for the retarding basins, and some com- 
munities, where there was feeling that local treatment other than that set 
forth the Official Plan, would more economical. This resulted 
thorough scrutiny the Plan during the hearing, and was approved 
the Court without any material changes. 

The next step was appraisal damages benefits property affected 
the proposed construction. Board Appraisers, appointed the 
Court, prepared appraisal roll damages and benefits, which was presented 
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the Court for approval. Any property owner who was not 
satisfied with the award the appraisers had the opportunity being heard 
the Court. The Roll was approved with few exceptions that the security 
for bonds, represented was ample justify pro- 
ceeding with the financing the project and preparing for the construction 
the works. 

Fig. shows three main branches the river coming together Dayton. 
From west east, they are the Stillwater, Miami, and Mad Rivers, flowing 
south under the name the Miami. Wolf Creek joins the Miami also 
Dayton, just below the junction the three main tributaries. Loramie 
Creek flows into the Miami the upper end the Valley, just above Piqua. 
Twin Creek joins the main river between Franklin and Middletown, and 
Four-Mile Creek comes just above Hamilton. The drainage area above 
Hamilton 600 sq. miles, and that above Dayton comprises 600 sq. miles. 

The Miami Plan, finally adopted, provides for channel 
improvement through all the cities and towns affected floods, the extent 
that economically feasible, supplemented retarding basins which will 
hold back the crest the flood, restricting the flow through the dams and 
backing the surplus water temporarily, the basins. The outlets through 
the dams are not controlled gates, but are designed such size that their 
combined discharge, under maximum head (full basin), will not overtax the 
capacity the improved river channels through the cities below. Provision 
made for maximum flood 40% greater than the 1913 flood. believed 
that this maximum excess any flood that can occur this locality. 
Channel improvement provided Piqua, Troy, Dayton, West Carrollton, 
Miamisburg, Franklin, Middletown and Hamilton. (See Fig. 32.) Dams which 
form retarding basins, are located Lockington Loramie Creek, Engle- 
wood Stillwater River, Taylorsville the Miami, Huffman Mad 
River, and Germantown Twin Creek. The cost the work met 
special assessment against the property benefited. 


ORGANIZATION 


was expected have the construction work done and the 
principal divisions work were advertised for bids the fall 1917. The 
United States, the meantime, had entered the World War, labor and in- 
dustrial conditions had become acute, and was realized that reliable 
contractor could, justice himself, make reasonable bid jobs large 
this, which would require years complete. Bids were opened 
November, 1917, and with the exception one bid for small section 
channel improvement, all them were either unreasonably high were 
irregular. 

The Directors the District were then faced with the postponing con- 
struction, perfecting construction force District organization, 
purchasing equipment, and proceeding with the work. The latter course was 
taken and results have shown the wisdom that decision. 

The engineering forces were already well organized. construction man- 
ager was selected and superintendents were secured for the larger features 
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work (the five dams, and the channel work Dayton and Hamilton). 
the spring 1918, enough the construction organization and equipment 
had been assembled that work could started. 

The general plan organization for construction was maintain, 
nearly practicable, the relationship between engineering and construction 
that would have existed contract work. each main feature the 
work was division engineer, with authority such would have had 
contract job, and superintendent who had direct charge the construction 
The superintendents reported directly the construction manager 
whose relation the job many respects was like that contractor. The 
specifications which had been prepared anticipation letting contracts, 
were followed, with such modifications the change organization demanded. 
Although responsibility for the quality work, sufficiency methods, rate 
progress, and costs, were allocated much they would contract work, 
there was sense co-partnership between the engineering and construction 
which made for better results, more rapid progress, and lower costs, 
than would have been possible ordinary contract job. 


CHANGES 


was.necessary re-locate miles railroad lines throughout the Miami 
Valley, order get them out the way the dams and retarding basins. 
New locations satisfactory the railroad companies were made the expense 


the District, under the general direction the railroad companies. The 


old lines then became the property the District, the rails and the ties being 
salvaged. 


CHANNEL 


Channel improvement almost certain economical feature 
project. when full protection cannot secured such 
means, there usually much gained, moderate expense, removing 
bars and islands, and deepening, widening, straightening channels 
within reasonable limits. The cost additional capacity increases relatively, 
until finally economical limit reached. the Miami Conservancy Proj- 
ect, the retarding-basin control has permitted channel enlargement 
confined moderate limits through most the cities, except Hamilton, 
where considerable widening the channel, which had been severely en- 
croached upon industrial plants, was unavoidable. The work Hamilton 
involved considerable property damage. (See Fig. 33.) 

Three general methods channel improvement were required: First, 
that which channel excavation the essential most prominent feature, 
Hamilton and Dayton; second, that which the work confined almost 
entirely levee construction, West Carrollton, Miamisburg, Franklin, 
and Middletown; and, third, combination these two features, Troy 
and Piqua. The situation, Troy and Middletown, was improved 


cut-off channels and several places clearing out trees and other ob- 
structions. 
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The standard section, Fig. 33, Dayton and Hamilton has low-water 
channel about 150 ft. wide, with flat slopes, beaches, either side, extend- 
ing out the toes the levees. Where the river straight the low-water 
channel located the center and where the channel curved, near the 
outside the bends. Having determined the channel capacity obtainable 
reasonable expense, the object then was design standard channel section 
give velocities flow nearly uniform possible any given stage, 
and one that will reasonably self-maintaining. was necessary, some 
cases, narrow the old channel order prevent decrease velocity, 
which would result the formation bars. 


IMPROVED CHANNEL HAMILTON 
VERTICAL SCALE FEET 
10 0 10 2 40 60 


HORIZONTAL SCALE IN FEET 
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Monolithic Slope Revetment’ 


Fic. 33. 

Channel improvement most cases resulted increased velocities 
flow. prevent erosion banks where good sod not sufficient, concrete 
revetment was used. (See Fig. 33.) the levee slopes this revetment 
monolithic slabs, in. thick, with wire mesh. slabs are 
divided expansion joints into sections about ft., the long dimen- 
sion being and down the slope. the flatter slopes, along the toe the 
levee, the revetment flexible mat concrete blocks, ft. long, in. wide, 
and in. thick, strung galvanized wire strand. Fig. shows de- 
tails this block revetment. Concrete retaining walls were used many 
places, where the width the channel restricted that levee slopes would 
require the taking expensive properties. 

Dragline excavators were used all the larger features the work, 
not only making the channel excavation through the cities, but also 
excavating for the outlet structures the dams, and making the borrow- 
pit excavation for the embankment material the dams. The District used 
twenty-one these machines varying size from the small machine 
having 30-ft. boom and yd. bucket, the large machine with 
100-ft. boom and 5-cu. yd. bucket. many places, the dragline placed the 
material excavated from the channel directly the levee. Where this could 
not done, was sometimes economical move the material two even 
three times the levee. 

Dayton and Hamilton, however, the channel excavation was much 
excess levee requirements, that large part the excavated material 
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had wasted. The nature the channel Hamilton was such that 
construction track could placed within the river out danger from 
moderate floods. The waste material was loaded into 12-cu. yd. dump cars 
and hauled the waste banks 40-ton, standard-gauge, dinkey locomotives. 
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Dayton, particularly the upper end the work, was impossible 
place tracks the river bottom, that would not exposed the danger 
even moderate rise the river, and extensive trestle would have been 
necessary. was possible, however, use scows for transporting con- 
siderable part the material. part the work was excavated 
one the large dragline machines placed scow. The loaded scows were 
towed unloading point near the waste bank where they were unloaded 
another dragline machine, which placed the material directly into the spoil 
bank. the other cities, where levee construction was one the principal 
items work, the levees were usually built dragline machines, the neces- 
sary material being obtained from borrow-pits from channel excavation, 
whichever was most practicable economical. few cases, was more 
economical build sections the levees teams. 


Dams 


One the big engineering problems was the determination number 
and size retarding basins, and the balancing retarding basin capacities, 
outlet capacities through the dams, and improved river-channel capacities 
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through the cities. The details this problem have been discussed one 
the Technical Reports published the District.* The project included 
the construction five dams the locations shown Fig. 32. The principal 
dimensions the five dams are given Table 


TABLE MIAMI CONSERVANCY DAMS. 


Maximum height, feet...... 
Length, feet 

Earthwork, cubic yards 
Concrete work, cubic yards.. 


Foundation conditions dictated the selection earth dams all the 
sites. Borrow-pit investigations indicated that hydraulic-fill dams would 
practicable and economical, and was decided build each site hydraulic- 
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Fig. 35. 


fill dam with concrete outlet structures designed give the required control 
floods. Fig. shows the standard cross-section adopted for all the dams. 
The core width important feature this design, there are practical 
objections core that either too wide too narrow. The wide core, 
extending out under the slope material, gives scant support during the early 
stages consolidation, and thus encourages the sloughing the slope 
terial. The narrow core permits tongues coarse porous slope material, 
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which frequently extend into across the core zone, fat enough meet 
similar encroachments from the other side, thus resulting porous section 
through the core. the design adopted, which proved satisfactory, the 
theoretical core width any point equal the height dam above that 
point. Fig. shows longitudinal section the axis the Germantown 


Technical Reports, Vol. VII, the Miami Flood Control Project.” 
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Dam, with the outlet conduits the rock foundation one side the old 
river channel. The spillway this dam low saddle the hill 
some distance away. 


— 


38. 


Outlet first important item construction each dam was 
the building the outlet structure, least enough that the river 
could diverted from its old channel permit the construction the 
dam. Suitable rock foundations for the outlet and spillway structures were 
found all the dam sites. Two types outlet structures were used. One 
type, which was used three the dams (Lockington, Taylorsville, and Huff- 
man), was opening through the dam formed two retaining walls with 
concrete floor between. This opening gave ample waterway for floods during 
the construction period. After the dam had been built the point where 
there was further danger overtopping case flood, cross-dam 
was built between the two retaining walls, and through the bottom this 
cross-dam, river level, the conduits for permanent flood control were con- 
structed. The top the cross-dam was placed ft. below the top 
the dam, thus forming the spillway. Fig. shows typical structure this 
type. This design has two advantages: First, additional expense required 
obtain waterway large enough care for floods during construction; and, 
second, the conduits and spillway are combined the same structure. 
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Germantown and Englewood, however, the dams are high that the 
cost retaining walls sustain the hydraulic-fill embankments pro- 
hibitive, and two conduits, the elevation the old river bed, extending 
through the base the dam, were used. order secure additional capacity 
care for floods during construction and prevent the overtopping uncom- 
pleted embankment, these conduits were made deeper than was required. 
soon the dam had reached height that there was further danger 
being overtopped floods, the bottoms these conduits were filled and 
floored over, leaving the conduit opening the size required for permanent 
flood control. Fig. shows some the details this type conduit, par- 
ticularly the additional capacity available for use during the construction 
period, and the method reducing the size opening that needed for 
permanent flood control. also shows the location construction joints 
the conduit arches, the interesting feature which the pair joints 
near the crown the arch. The “keystone” section between those two joints 
was poured after the concrete either side had set, and this method proved 
effective preventing cracks along the crown the arch. the two 
dams (Germantown and Englewood), where these conduits were used, the 
spillways were separate structures. 

the down-stream end each the outlet structures, stilling pool was 
built for the purpose dissipating the energy this swiftly flowing water. 
The details this stilling pool are shown Fig. 39, which longitudinal 
section through the conduit and outlet structure the Germantown Dam. 
Each structure designed that the hydraulic jump, standing wave, will 
formed the sloping floor, where the concrete built sufficient thickness 
withstand the action.* 
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Excavation for the outlet structures was performed dragline machines. 
large part the material had first loosened blasting, care being 
taken not disturb the material outside the neat lines. The vertical sides 
the rock excavation were trimmed hand neat lines, and the concrete 
was placed with outside forms below the rock surface. 

each the dams gravel washing and screening plant was erected for 
furnishing material for the outlet and spillway structures. These plants 
were standardized and all parts were interchangeable. Suitable gravel and 


The experiments leading the adoption this design, and the theory the 
hydraulic jump, are discussed detail Vol. III the Technical Reports published the 
District, the Hydraulic Jump and the Backwater Curves”. 
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sand for concrete was found near each site. The material was hauled the 
plant dump cars and dumped into hopper track level, from which 
belt conveyor took the top the plant the screens. Wash water was 
delivered the screens small centrifugal pump. The material was 
washed and separated into three sizes, sand, fine gravel, ranging size from 
in. in., and coarse gravel graded from in. size. Each these 
sizes passed gravity into separate storage bins. Over-size material could 
either wasted diverted the coarse gravel bin. the heavy walls, 
was the practice use over-size about 6-in. cobbles. 

mixer was placed such position that the material from each 
the three bins could fed the charging hopper gravity, through 
adjustable measuring boxes. Cement was stored shed near-by, and was 
brought the mixing platform small warehouse trucks needed. The 
mixer discharged into side-dump cars, bottom-dump buckets trucks, 
which were hauled the work 3-ton narrow-gauge, gasoline locomotives. 
Germantown and Englewood, where the long conduits were built, most 
the conerete was chuted into place gravity. the other dams, and 
the spillway structures Germantown and Englewood, the concrete was placed 
derricks. Collapsible sectional forms were used for the conduit construc- 
tion Englewood and Germantown. building the large retaining walls 
the other structures, movable panel forms were generally used. The con- 
crete mix varied from about conduit linings, about 1:3:6 
the bodies the heavy retaining walls, the change the mix, within the 
limits required, being accomplished changing the number sacks 
cement per batch. Special care was taken use more than the required 
quantity water per batch. The two sizes gravel were re-mixed the 
batch such proportion use practically all each size, and this 
ratio between fine and coarse gravel was fixed suit the conditions the 
borrow-pit. other words, attempt was made establish theoretical 
combination the fine and coarse gravel, which would have meant con- 
siderable waste one size the other from time time. There was 
advantage, however, having some fine and some coarse gravel each batch, 
this guaranteed more uniform batches than can obtained from one bin 
containing all grades gravel, and was considered sufficient justification 
for the separation the gravel into two grades. The sand was carefully 
proportioned the batch. 

Preparation valley floor each the dam sites 
was gravel indefinite depths, with overburden—outside the main river 
channel—of clay varying thickness from few inches several feet, 
covered with thin layer top soil. preparing the foundations, all top 
soil and vegetable matter were removed, and roots in. more thickness 
were grubbed out. cut-off trench, deep enough serve also explora- 
tion trench, was dug along the center line the dam and was afterward 
filled with core material. the dams will back water only times 
flood, loss water underflow not objectionable, and, therefore, at- 
tempt was made cut off all the seepage under the dams, but only force 
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such seepage travel far enough that erosion embankment material 
and possible damage the structure could occur. 

Although sheet-pile cut-offs were used, most cases, across the old river 
beds, the principal reliance for control seepage was placed blankets 
impervious material extending stream from the core section the dam. 
The clay overburden, stream from the cut-off trench, was examined 
means post-hole diggers and the thin spots were reinforced artificial 
“patches” rolled material. the old river bed, artificial blanket 
selected material was placed layers and compacted that before the 
hydraulic fill was started, complete blanket impervious material, several 
feet thickness, covered the dam site stream from the cut-off trench, 
connecting with the impervious core the dam and extending stream 
from the up-stream toe far necessary give ratio, length seepage 


Feet 


Bottom of Cut-off Trench 


500 1000 1500 2000 2500 3000 3500 4000 4500 
Distances along Center Line Dam, Feet 


Elevations above Mean Sea Level, 


Fic. 40. 


River Control During Construction—At each the dams, river control 
during construction was serious problem, sufficient waterway had 
maintained provide for flood flow. The program had arranged 
that flood even large that 1913 would not aggravated the 
construction. Although the problem river control was somewhat different 
each dam, the general principles were the same. The procedure Engle- 
wood well illustrates the methods used and Fig. shows the various steps 
program. While the conduits were being built the west 
bank the river, section the hydraulic fill containing nearly 000 
cu. yd. was constructed the east side, with along the river 
bank hold the semi-fluid hydraulic core place. During this period, the 
old river channel remained open, and was left open until the next flood season 
had passed. Then, another section fill was placed, extending across the old 
river channel and over the conduits. Although season’s work Englewood 
amounted 1000000 cu. yd. more, was impossible place one 
season all the remaining embankment height sufficient turn through 
the conduits flood great that 1913. was necessary, therefore, 
during this second season’s work fill, leave temporary spillway 
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Fic. DAM UNDER CONSTRUCTION. Low SECTION DAM 
RIVER CLOSURE SECTION. 
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one side the old river channel. The bottom this temporary spillway, 
however, could left considerably higher than the river bed, and that much 
was gained toward the final closure. This temporary spillway provided suf- 
ficient waterway for protection during the next flood season, and soon 
that had passed, the gap forming that spillway was closed, and was possible 
complete the dam its full height before the next flood season 

making these closures river channels and temporary spillways, certain 
critical periods had anticipated and provided for; for instance, after 
the river had been diverted, certain amount fill could placed the 
closure section before reached height which overtopping would have 
any appreciable effect flood flow. From that point, the time eleva- 
tion had been reached sufficient turn big flood through the temporary 
outlet channels, was the most critical the construction the 
dam, and the safety the valley below the dams required that this period 
should coincident with the low-water season the river. further 
precaution, was arranged not have this stage construction occur 
more than one the dams the same time, and every effort was made 
rush the work with all possible speed consistent with safety. 

Hydraulic Fill—The hydraulic-fill method building dams originated 
the West and was first suggested placer mining operations. Where materials 
are suitable, and proper methods are used, excellent results are obtained 
comparatively low cost. 

each the sites the embankment material was pumped the dams 
15-in. dredge pumps, was impossible sluice directly from borrow-pit 
embankment. two cases, however, the borrow-pit material was broken 
hydraulic giants and sluiced sumps, from which was pumped into place. 
the other three dams, the borrow-pit material was excavated dragline 
machines, loaded into 12-cu. yd. dump cars, hauled the dams 40-ton 
standard-gauge, dinkey locomotives, and dumped into shallow bins “hog 
boxes.” the “hog boxes,” hydraulic giants were used wash the material 
the dredge pumps. Thus, the time reached its place the dam, the 
borrow-pit material was thoroughly broken and separated. The discharge 
pipes from the pumps deposited the material along the outer edges the 
dam section, low levee dike along the outside slope forcing the discharge 
flow toward the center where the core pool was maintained. (See Fig. 41.) 
The coarser the material consisting cobbles, gravel, and coarse sand 
remained the outer parts embankment, and the fine sand, clay, and 
silt flowed the center with the water and settled through the core pool 
form the impervious core. Fig shows another view one the dams 
under construction. 

The fill was built layers, varying thickness from ft. the 
different dams. lift was staked out advance, and efforts were made 
keep the shore line the core pool straight and even each layer was 
carried forward. (See Fig. 41.) Different methods were used for keeping the 
outside edge the slope high enough turn the flow from the dredge pipe 
toward the central pool. one dam, this was done hand; another, 
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teams were used. the other dams, where 4-ft. lifts were common, 
small dragline machine was used build the levees ahead the fill. Near 
the end the work, one the dams, this was done small back-filling 
machine with caterpillar traction. This was the most effective any the 
methods used. 

The control the hydraulic-fill cores, both gradation material and 
rate consolidation was given careful attention. During construction, the 
composition the core may controlled within certain limits the selec- 
tion choice borrow-pit material, wasting the finest the material from 
the core, case surplus fines present, securing additional clay 
from auxiliary borrow-pits, where the main borrow-pits are deficient fines. 
There are various methods controlling core width and studying the 
character core material and rates consolidation. description the 
core studies the Conservancy dams has been presented the Society the 
speaker.* 

Several kinds dredge pumps were tested during the early stages the 
work. Those that gave the best results had shells either white iron 
manganese steel, with manganese runners and removable manganese shoes 
the runner blades. These removable shoes not only doubled trebled the life 
the runner, but also permitted easy change effective length blades, 
meet the requirements increased head the embankments were raised 
height. Special electric-welded dredge pipe high carbon steel was used with 
satisfactory results. service tests, the life this pipe exceeded that the 
old style standard dredge pipe, 200 300 per cent. 

Progress and rate progress hydraulic fill some the 
dams thought worthy mention. Germantown, with one dragline 
machine the borrow-pit and one dredge pump, average month’s work 
was about 000 cu. yd. During one month the output reached 500 
yd. Huffman, with about the same equipment, the rate progress was 
about the same. Taylorsville, with four giants the borrow-pits and two 
dredge pumps, the highest monthly estimate reached 107000 cu. yd. 
Englewood, with three dragline machines the borrow-pit and two dredge 
pumps, the monthly record hydraulic fill often reached 150 000 cu. yd., and 
one month was cu. yd. the fall 1917, progress schedule was 
set that provided for completion the five dams what was believed 
the earliest date consistent with economy. spite the necessity for 
organization and purchase equipment for construction the 
District, delays due war conditions, priority regulations employment, 
purchases, and shipment, car shortage, and generally unfavorable conditions, 
all the dams were completed, ready handle flood, year ahead the 
original schedule. 

Although the work now such shape that the Valley protected against 
flood like that 1913, there still much work done, especially 
some the larger the channel improvement work. The construction will 


“Core the Hydraulic-Fill Dams the Miami Conservancy _Pro- 
ceedings, Am. Soc. March, 1922, 453. 
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Fic. 43.—GERMANTOWN DAM, COMPLETED, SHOWING HYDRAULIC JUMP IN ACTION DURING SMALL FLOOD. 
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completed during 1922. The principal quantities involved the whole work 
are follows: 


Public Service Relocations: 


Flood-Control Works: 
Earth and rock.......... 000 000 cu. yd. 


large floods have since the completion any the dams. but 
two them have already been tested the extent holding back water 
the basins depths ft. more. Fig. shows one the completed 
dams, with the hydraulic jump action during moderate flood. 
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Morris Am. Soc. flood-control problem Pitts- 
burgh, Pa., which the speaker will discuss, concerned with four States, 
far inaugurating the policy relates legal legislative entanglements. 
will constructed Pennsylvania, New York, Maryland, and West 
Virginia, and beneficial results will felt least two other States and 
down the Ohio River Cairo, Ill. Thus, the ultimate consummation the 
plan exceedingly difficult. 

The comprehensive report the Pittsburgh Flood Commission revealed 
the necessity and the extent the problem, the involved relationship the 
many factors, and the need the correlation many jurisdictions. Educa- 
tion necessary, and the project has progressed sufficiently show the re- 
quirements and the methods and machinery which may established 
this work. The Pittsburgh engineers, civic groups, and municipal au- 
thorities realize the extent and breadth the problem, and the danger 
inadequate solution. 

Moreover, much has been accomplished; there has been review the 
United States engineers and recommendation that surveys and plans 
made the War Department, for the purpose securing flood protection 
and prevention certain rivers, and those tributary Pittsburgh are among 
such streams. The State Pennsylvania, 1919, appropriated 
its contribution for such surveys and plans, with the idea and request that 
the United States Government should direct the work through its Army 
Engineers and should appropriate money for this purpose. bill, known 
67th Congress, First Session, provides for conduct 
this work and co-operate with the State Pennsylvania. expected that 
this bill will pass during the 67th Congress. 

Great areas the head-waters the Allegheny and Monongahela Rivers 
and their tributaries have already been acquired the United States for 
forest reservations, and has been expended for this purpose, the 
Allegheny water-shed, Northwestern Pennsylvania. The latter has just 
been made possible the passage, the State Pennsylvania, Act 
enabling the United States Government acquire such property within the 
State. The National Forest Commission has recommended the purchase 
500 000 acres Northwestern Pennsylvania, and about 1000000 acres have 
been secured the head-waters the Youghiogheny and Cheat Rivers 
Maryland and West Virginia. These areas include vast denuded lands 
the upper water-sheds, where the hardwood industry was once active. 


Director, Dept. San. Eng., Univ. Pittsburgh, Pittsburgh, Pa. 
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The improvement the wharves Pittsburgh, including the reclamation 
many acres unused river-front, the erection dockage facilities, and 
the construction flood walls protect low-lying areas, now receiving 
attention through the efforts Mayor William Magee, the United States 
Engineer’s office Pittsburgh, the Pittsburgh Flood Commission, the Plan- 
ning Commission, and the Committees the Metropolitan District Pitts- 
burgh, all acting unit. expected that, within short time, this 
adequate development the much abused river-front will secured and, 
the same time, furnish protection from ordinary floods. 

The speaker wishes call attention the fact that this entire movement 
and program only one part the great community planning idea, namely, 
development the idea the wisdom utilizing the great resources 
flowing and falling waters secure the greatest good and benefits all the 
people and all activities. The Pittsburgh Flood Commission was the first 
suggest (when this view was not popular has since become, with 
growing realization the difficulties and breadth the problem) that flood 
prevention and flood protection combined and, with wise provision for 
each, many correlated questions will solved. 

There was the possibility one time plan for wise occupation and 
complete development the river valleys, but this opportunity has been 
misused, sometimes railroad, canal, improved river for 
navigation, the location town industry, but too frequently, 
has been the domination one development and its apparent best interests, 
without thought the relationship others whereby everything could 
wisely adapted promote the greatest development all activities. has 
been realized too late that this not adequate planning, and communities 
have frequently been inundated—much their discomfort and disaster. 
Engineers now find the problem increasingly difficult, which true all cases 
replanning. 

However, opportunity still exists, with the proposed wall Pittsburgh, 
the elevation streets out ordinary flood levels, plan for thorough- 
fares, parking, boulevards, and terminal facilities. Witness the attractive 
river-front development Dayton, with walls and levees, Harrisburg, Pa., 
use concrete walls and parking, the convenient and pleasing boule- 
vard drive, along the Susquehanna River Sunbury, Pa., placed top 
river levee. Thus, through traffic need not diverted about and around 
the town. too, several river valleys not yet fully developed, the 
chance still exists choosing the wisest development. This true com- 
munity country planning. 

true and wise planning, may thought best locate railroad 
one place, improved channel another, reservoir wild land an- 
other, forestation another, obtain the most complete use and 
activity land, water, and all related potentialities. The Pittsburgh Flood 
Commission, the City Pittsburgh, the County Allegheny, and the State 
Pennsylvania, all unite, therefore, agreement that there general, 
common, single panacea suggest, but complete program should 
studied and developed. 
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harmony with this view, these interests believe that both land and 
waters—great facilities each—are developed the greatest use. They 
believe that stored water may have many potential uses, and when released 
proper times, under control, between well designed banks and regulated 
channels, affords great blessing for the frequently denuded and inundated 
valleys, holding the water back times danger, letting out drier times, 
the improvement navigation, development power, increase water 
supply for various purposes, dilution and oxidation waste products, and 
the general betterment all unpleasant conditions. Furthermore, that 
single solution which forgets, hinders, hampers other developments, un- 
wise. hoped and expected, that the efforts education and propaganda 
will result that wiser development which will regard all factors and all uses 
and result what called complete community planning. 


Harrison Am. Soc. the most important ques- 
tions solved any flood problem that the maximum flood flow for 
which provision must made the works designed. may often 
impracticable provide protection against the greatest flood which must 
expected rare intervals, but, nevertheless, the greatest probable flood must 
considered and the works must made safe against serious damage under 
the most trying conditions, even though they not fully protect the com- 
munity against loss such times. may necessary provide spillway 
waste-channel capacity for the greatest probable flood, since, the majority 
cases, failure the dam due inadequacy the spillway might result 
more serious disaster than would probable from inadequacy stream 
channel. 

great many dams have been built without adequate spillway capacity; 
many them were built without adequate engineering design; others, designed 
when comparatively little information extreme floods was available, were 
given what was supposed adequate spillway capacity, but much less than 
would provided present. The paucity information relating flood 
flows and necessary spillway capacities nearly all the treatises dams, 
startling. fact, many them make references the subject. The 
old rule, that spillway should capable passing 6-in. depth water 
the drainage area hours, has long been known unscientific, and, 
many cases, has resulted inadequate provision, yet still quoted and 
apparently with approval some recent reference books. The subject has 
been fully discussed Scheidenhelm, Am. and his 
suggestions, generally adopted, would lead radical departure the 
liberality spillway design from that more less commonly adopted 
the past. 

Much more liberal provision for discharging storm water certain 
required the future. Many existing dams will have modified 
provide adequate spillway capacity, and some this work being done, 
noticeably Pennsylvania, where the State Water Supply Commission 


— 


Cons. Engr. (Metcalf and Eddy), Boston, Mass. 
Transactions, Am. Soc. E., Vol. LXXXI (1917), 907. 
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investigating the adequacy spillways and requiring owners make changes 
where necessary. 

The data which base decision the maximum flood expected 
any given locality, are comparatively few. and must supplemented 
detailed study rainfall and run-off records. Such data should also 
checked carefully against records excessive floods throughout the United 


RELATION BETWEEN DRAINAGE AREA 
AND MAXIMUM RATE 


FLOOD DISCHARGE STREAMS 


Devils Cr.lowa (Ag reported) 


Second per Square Mile 
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States. view the difference conditions, somewhat sur- 
prising that the relation between maximum flood discharge and extent 
drainage area appears approximately the same through the United States, 
although there may decided difference the frequency with which such 
floods spillway design the maximum discharge, rather than the 
would probably the governing factor. 
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Records floods unusual magnitude, have been plotted Fig. 44, 
which three curves are shown. The upper curve represents the maximum 
floods which apparently authentic records are available—floods which are 
probably classed “acts God”. addition the two floods shown 
this diagram support also given this curve one from much larger 
area—the flood 1909 the Santa Catarina River Monterrey, Mexico. 
These flows are great that will probably impracticable make provi- 
sion for protection against flooding resulting from them, but their possibility 
should borne mind, guarding against failure structures the col- 
lapse which might accentuate the damage. Curve and Curve II, Fig. 44, 
both intended represent floods rare occurrence, indicate the magnitude 
the flood flows, for which provision should general made structures 
intended minimize flood damages. 

Table gives the data from which the diagram was constructed, and the 
sources the information. 

not unlikely that, Allen Hazen, Am. Soe. E., has stated*: 
may expected that the continuous records gauging stations will 
ultimately more useful establishing these laws than records destructive 
floods that occur now and then where there continuous gauging”. Until 
much more known, however, about the relations between frequency and 
magnitude will still necessary rely largely the scattered records 
extreme floods, especially for spillway design. 

The best method yet proposed for predicating maximum flood flows data 
obtained from continuous gaugings doubtless that Weston Fuller, 
Am. Soc. attempt apply Mr. Fuller’s method stream 
for which the record gaugings does not extend over considerable period 
years, likely unsatisfactory; least, that was the writer’s ex- 
perience studying the flood problem San Antonio, Tex. the report 
submitted his firm the City San Antonio December 6th, 1920, 
discussion the application the Fuller formula the San Antonio River, 
which was shown that, using the data “Western Gulf Mexico 
Streams”, quoted Mr. Fuller’s paper previously mentioned, the largest 
cient indicated for that region 31, which would correspond flood-flow 
rates and sec-ft. per sq. mile for frequencies 100 and 1000 years, 
respectively, and drainage area sq. miles. Taking such records 
the actual flow San Antonio River were available 1920, but using 
maximum rates flow for the largest floods instead maximum daily average 
flows, the coefficient for San Antonio River was estimated 167, times 
large was indicated Mr. Fuller from the data available the time 
his paper was prepared. Yet the application the formula with this 
cient indicates flood flows only 345 and 450 sec-ft. per sq. mile, for fre- 
quencies 100 and 1000 years, respectively. The actual rate flow the 
1921 flood, according estimate made Terrell Bartlett, Am. 
Soe. E., was 580 sec-ft. per sq. mile. 


Proceedings, Am. Soc. E., March, 1922, 707. 
Transactions, Am. Soc. E., Vol. LXXVII (1914), 607. 
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Stream and locality. 


Mad Creek, Roy, 


Cherryvale Creek, Cherry- 


Bull Run, Jeannette, Pa...... 


Colvin Run, Grindstone, Pa... 


Starch Factory Creek, New 
Hartford, N.Y..... 


Estanzuela River, Monterrey, 
Nueva Leon, Mexico........ 


Hulls Boise, 


Mad Brook, Sherburne, Y.. 
Breakbeck Run, 
Township, 


Brush Creek, Jeannette, Pa... 


Spring Creek, Harrisburg, Pa. 
Mill Creek, Erie, Pa........... 
Manhan River, Holyoke, Mass. 


Connoquenessing Creek, Oak- 
land, 


Panther Creek, 


Rocky Creek, near 


Alazan Creek, San Antonio, 


Little Devil’s Creek, Iowa..... 


Chase Creek (tributary Gila 
River), 
Cane Creek, Bakersville, N.C. 


Apache Creek, San Antonio, 


Dry Run, Decorah, lowa...... 


Trout Brook, Brooksport, N.Y. 


Pequonnock River, 
Creek, above Day ton, 


io. 


Pinal Creek, Globe, 


Sawkill River, Kingston, N.Y. 
Creek, above Dayton, 


Lake Roland, 


San Antonio San 
Antonio, Tex.. 


San Antonio San 


area,in | cubic fee 
square |per second, Date flood. 
miles. persquare 
mile. 
May 1916 
(?) 
2.7 July 21, 1912 
March, 
3.4 109 March 25, 1904 
190 June 21, 1905 
209 Sept. 1905 
Aug. 27-28, 1909 
5.0 Sept. 3-4, 1905 
Aug. 19, 1912 
8.1 400+ May 20, 1894 
9.4 241 Sept. 3-4, 1905 
11.6 238 Feb. 15, 1908 
June 10, 1905 
16.9 1950 Sept.9, 1921 
19, 560 June 10, 1905 
20. 647 Dec. 1906 
22.8 720 March 15, 
25. 158 
March 
March 
arc 
147 
30. Aug. 17, 1904 
35. 228 also 
39. 
45. 


Flood flow, 


| 


References. 


Eng. Record, (1916) p.842. 
Eng. News-Record, July 1919, 
Vol. LIV, 200, and 

658. 


Water Suppiy Comm. Rept., 


1912, 50. 

Pa. Water pply Comm. Rept., 
1914, 45. 

Water Supply Paper 147, 37; 
Water Supply Paper 162, 12; 
Engr. Rept., 1905, 


Eng. News, Sept. 23, 1909, 315. 
Weather Review, July, 


Water Paper 162, 

Pa. Water Supply Comm. 
1914, 

Pa, Water Comm. Rept., 

Pa. Supply Comm. Rept.. 

Water Paper 162, 

Pa. Water Supply Comm. ept., 
1910-11, 

Eng. News, Nov. 11. 1915, 937. 

Soc. E., June 13, 1919. 

Pa. Comm. Rept., 


Water Paper 162, 26, 


Vol. XXV, 

Nov.. 1921; Proceedings, Am. 
E.. March, 1922. 

Water Supply Paper 162, 26, 


Am. Soc. E., 


Vol. LXXVIII, 
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Nov., 1921; Proceedings, Am. 
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Water Supply Paper 35, 61. 
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Vol. LXXVII, pp. 572 


Water Supply Paper 438, 59. 
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TABLE 5.—(Continued.) 


Flood flow. 
square |per second Date flood. References. 


miles. 


Stream and Locality. 


Keystone. 363 June 22, 1901 News, Aug. 1902, 104. 
Sixmile Creek, Ithaca, 46. 195 June 21, 1905 Supply Paper 162, 
Pine Creek, Paris, Tex........| $20 410 May 12, 1920 Hawley, 
Lost Creek, above Dayton, Conservancy Dist., Tech- 
Ohio. 52. 571 Mar. nical Repts., Part IV, 60. 
Creek, above Dayton, 289 Mar. 1913 Miami Dist., Tech- 
Eng. News-Record, July 1919, 
Putah River, Guenoc, Calif... 91. 270 March 10, 1904 31; Supply Paper 
298, 
Fork Creek, Brookville, 97. 124 July 17, 1912 Supply Comm. Rept., 
Eng. July 1919, 
San Jacinto River, San 
Eng. July 1919, 
Creek, 143, 600+ June 10, 1905 134. 
Mora River, 159. 140 Sept. 29, 1904 Supply Paper 147, 
181. 251 Jan. 27, 1916 Water Supply Paper 
Mesa Eng. News-Record, July 1919, 
anta Catar iver, Monter- uy ews, Sept. 24, 1 
Vol. 523. 


Measured topographic 12.7 sq. miles tributary Upper Otay Reservoir. 


most extraordinary flood discharge from small drainage area 
ported the Water Resources Inventory Report* the Pennsylvania Water 
Supply Commission, follows: “The highest recorded flood occurred 
Bull’s small tributary the Susquehanna Rivert July 15th, 1914, 
which discharged the rate 000 sec-ft. per sq. mile from drainage area 


Part VIII (1917), 18. Also, pp. and 128 Vol. III, 
where the drainage area given 0.7 sq. mile. 


South Wrightsville, Pa. 
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little over sq. mile”. This rate run-off equivalent 7.8 in. water 
per hour the drainage area. This would extremely high rate 
precipitation for period short min.; while the period concentra- 
tion for drainage area 450 acres would probably not less than min. 
may be, therefore, that this phenomenal flow resulted from the giving way 
some obstruction rather than from the natural run-off following ex- 
cessive rain, and this record has accordingly been omitted from Table 
Rates precipitation high 7.80 in. per hour, for periods min., 
have been reported the Weather Bureau only twice during the 
years, 1901-18, inclusive,* follows: April 29th, 1905, Taylor, Tex., 8.25 
in. per hour, and, October 20th, 1909, Pensacola, Fla., 8.64 in. per hour. 


Am. Soc. E.—In the structures described 
Charles Paul, Am. Soc. E., composed impermeable cores and 
permeable dikes, the core the real “dam”, but its entire success depends 
the stability and rigidity the dikes. 

geological formations, clays and sands, formed ice streams, are 
deposited water and, great depths are laid down, are subjected enor- 
mous pressure, converting the clays shales and slates and the sands 
sandstones and quartzites. Similar action takes place less extent earth- 
fill dams and determine its extent and effect, some experiments have been 
made the core materials two which samples the core were 
placed metal tank, pressure applied the material increasing rates, 
and the quantity seepage measured after each pressure application. 
these experiments, was found that when the material was first placed 
the test tank and before settlement had taken place pressure had been 
applied, the seepage rate was high. 

This loose condition and high seepage rate analogous the conditions 
existing the upper layer core when first deposited the pool. the 
overburden increases, the core consolidated, the voids decreased, the surplus 
water expelled, and the porosity diminished. the experiments increase 
pressure from 150 about per sq. ft., caused reduction 
the seepage rate more than 90% and decrease 22.7% volume 
material from the loose condition. 

The results the tests, plotted logarithmic paper, give the data 
Table which the maximum rate quantity water that will filter through 
the core material the two dams, with loss head equal the thickness 
the sample, given gallons per acre per day. 

Within the limits the test, the compression amounted 20%, with 
application only ton per sq. ft.; under additional pressure, the consolida- 
tion was less rapid, tons per sq. ft. increasing only per cent. The per- 
centages settlement are based dry, loose material and are con- 
sidered only approximate beyond the limits the pressures applied. The 
quantities are reduced uniform temperature 50° Fahr. 

Engineering News-Record, Vol. (1919), 1066. 


Chf. Engr., Decatur Dam, Pearse, Greeley Hansen, Decatur, 


“Some Investigations and Studies Hydraulic-Fill Dam Construction”, Albert 
Holmes, Am. Soc. E., Transactions, Am. Soc. E., Vol. LXXXIV (1921), pp. 331-358. 
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TABLE 
Seepage Dam No. Seepage Dam No. 
gallons per acre gallons per acre 
per square foot. pression, approximate. per day, 1:1 slope. per day, 1:1 slope. 


Darcy’s law the flow water through column soil, which the 
flow directly proportional the head and inversely the length the 
column, modified the effective size the soil grain, the temperature 
the water), the percentage voids, the porosity, and the pres- 
ence vegetable and colloidal matter. 

The effective size the soil grains dam cores small. They are 
small, fact, that the flow does not seem influenced the size 
nearly the same extent filter sands. 

experimenting with small volumes material, the temperature 
(viscosity the water) important. determine its actual temperature 
within the sample difficult, but order get correct results this should 
done. obtain temperatures the core dam would still more 
difficult, but could accomplished, although the probabilities are that the 
slow moving water does not change much within the great mass earth, but 
retains nearly uniform temperature does the water issuing from springs. 

Percentage voids (porosity) much importance. their reduc- 
tion pressure (compacting) due the stability and imperviousness 
the core; imperviousness increased the presence vegetable and col- 
loidal matter. 

has been shown that dry clay, when confined and not allowed 
expand, will absorb only about water, but permitted expand, 
will take water proportion its increase volume. Also, that clay 
under pressure will give its water the presence water. 

Equal pressures reduce like materials the same consistency, that is, 
pressure tons per sq. ft. will reduce the moisture content pure 
clay about 27%, and repeated trials bring the same results without 
regard the quantity water originally present. moisture content 
27% corresponds about 50% voids and, the experiments, the clay 
was reported “much hardened.” increase pressure tons 
sq. ft. reduced the moisture 23% and the voids per cent. 

These results come about quickly under experimental conditions using 
small volumes and more gradually the large masses material the 
cores the dams. 

With stable and immovable dikes, compactness and stability the core 
sure exist, and the speaker’s thought that, perhaps, where this has not 
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occurred and movement the dikes was taking place intervals, the core 
retained its moisture and volume, although, later, when the structure had 
changed its form and had become stable, the same material consolidated and 
gave its moisture content. 


Am. Soc. 1914, the speaker had opportunity 
see some the country described John Freeman, President, Am. 
Soe. E., his discussion flood problems China, and was also impressed 
with the ingenuity the Chinese their utilization local resources for 
flood protection, such clay and reeds—the only materials available many 
places along the Grand Canal—to prevent erosion and build temporary 
dams. 

The speaker, however, was most impressed the fact that here was 
people who had 4000 years practical experience hydraulic work, and 
although successful minor details, they had, the broad general principles, 
made utter failure their projects, because they had correct funda- 
mental theory which base their work. Those things that they could learn 
practical experience, had been learned well—masonry work, protection work, 
and many things which experience really counted; but broad principles 
they had had advantage sound theoretical basis, and their work, 
general, was exceedingly defective. 

Chinese education has been classical, not scientific, and their great men, 
the Chinese classics and with knowledge science, have been 
unable correlate the experience the past and apply the practical 
uses the present. They recognize outlet necessary for the discharge 
flood water, but have conception capacity. One their most highly 
educated men conceived, for the Huai River floods, outlet 200 ft. wide 
ft. deep, which should have been 2000 ft. wide ft. deep. the 
solution these great flood problems, China has brought centuries experi- 
ence, but knowledge, and years practice without correct 
theory. The impression left the speaker’s mind, his observations 
China, was the necessity sound theory basis for correct practice. 

The school practical experience exceedingly valuable, and usually 
theoretical analysis must demonstrated the results such 
practice before the theory much value can safely adopted. 
basis future practice, practical experience is, however, comparatively 
little value unless the conditions are considered and studied and all the facts 
correlated and combined into correct theory, from which experience can 
extended greater things. Without correct theory, the value practical 
experience limited reproduction the experience under identically 
similar conditions, and two sets conditions are ever exactly similar, 
the experience applied liable failure account the 
factors which the previous experience does not include. 

Real advancement attained only through combination and 
practice. Each incomplete and often dangerous without the but, 
parallel development, safe and substantial progress possible. 


Professor, Hydr. and San. Eng., Univ. Wisconsin, Madison, Wis. 
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gratifying that many members the Society are working along 
these lines investigating the facts, correlating them, developing the theory 
that will explain those facts, and carrying out effectively work for protection 
against floods. 


Rockies, all floods are the cloudburst type. The Continental Divide de- 
scribes sinuous through the State Colorado general northerly 
and southerly direction. covers longitude—1° either side the 
106th Meridian—is about 290 miles length, and place that length 
less than 10000 ft. altitude. Little trouble with cloudbursts ex- 
perienced the western slope the Rockies. The eastern slope receives 
much less precipitation than the western slope, especially the form snow, 
and there all the floods come from cloudbursts. 

The first problem the floods the Colorado Rockies the distribution 
the precipitation. one drainage area, the mean annual precipitation will 
vary from in., computed over period years, and this, 
rainfall contributes much the larger proportion. The rainfall does not come 
general storms; practically all confined sudden and intense thunder- 
storms, which there often rapid recurrence. There may three 
four the same locality during afternoon. Apparently, there law 
their occurrence; one tributary, there may severe storm with the 
next tributary dry. 

problem the suddenness and the intensity the storms. The 
clouds gather quickly, drop their load were, and are gone. The move- 
ment the storms peculiar. Recently, series storms moved down the 
Colorado River one side the drainage basin and, the same time, an- 
other series was moving the river the opposite margin. 

There are authentic records the intensity. The weather stations, 
although quite close together, are inadequate for determining precipitation 
these intense and highly concentrated storms. area over which the 
precipitation will average in. per year, much in. rain- 
fall known have fallen single afternoon evening, and much 
in. min. Pueblo, the Arkansas drainage, two storms are re- 
corded which about 2.0 in. fell less than hour or, more exact, 
one storm 2.02 in. min. and another 1.78 in. min. 

The next problem coincidence. There are many factors that militate 
against the determination flood flows tributaries. The precipitous 
slopes, the irregularity the gradients the streams, and the recurrence 
the storms themselves, with apparently law occurrence, make 
impossible compute with any degree reliability the probable coincidence 
for the floods the tributaries. 

Perhaps the greatest problem contributed the high velocities flow 
the streams the Colorado Rockies. The country, literally, stands end; 
stream velocities ft. per sec. are common, which make difficult 
deal with floods this region. The high velocities bring down great deal 


Asst. Chf. Engr., Denver Rio Grande R., Denver, Colo. 
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débris, which helps give additional power the water, that the floods 
are very destructive. 

The suddenness and intensity the storms with their enormously high 
run-off rate may illustrated the Arkansas River flood June, 1921. 
The discharge the river increased forty fifty times hours. Some 
tributaries the Arkansas, dry the beginning the storm, were, few 
minutes later, discharging from 40000 sec-ft. 

Summarizing, the speaker would state that the real flood problems the 
Colorado Rockies are: First, erratic distribution rainfall; second, great 
intensity storms over small areas and their rapid recurrence; third, difficulty 
foreseeing foretelling the coincidence tributary floods; and, fourth, 
the high velocity the flood waters. 

There might added another problem rather psychological 
sociological character. People want the water and, them, seems less 
than economic crime provide means for its getting away. the channels 
are improved, their discharge increased, and the water runs away more 
rapidly. the eastern slope the Rockies, wanted for 
irrigation. Therefore, when flood protection attempted one gets into 
difficulty because the fact that every one wishes conserve all the water. 


problems that have been solved Canada have been largely for power purposes, 
but many cases these projects incidentally result bettering flood 
conditions. 

Loutre Reservoir—The Loutre Reservoir the St. Maurice River, 
the Quebec, was constructed and operated the Quebec 
Streams Commission. was completed 1917 and has capacity 
160 000 000 000 ft. This storage has increased the power available the 
river 400 000 p., and the control also much benefit logging opera- 
tions, particularly breaking log jams controlled flood waves released from 
the reservoir. The Quebec Streams Commission also -carries out important 
storage operations the St. Francois River, mainly for the benefit the 
numerous power developments that stream. 

Ottawa River undertakings the Upper Ottawa River, 
carried out the Dominion Department Public Works, include three 
reservoirs with total capacity cu. ft., used benefit the 
large power sites the river, the potential power which more than 
1000 000 p., and also logging and 

Trent Canal two examples previously mentioned are typical 
control from one few large storages, whereas the Trent River System, 
the control from large number relatively small storages. Dams have 
been built the outlets many lakes tributary streams, which supply the 
canal system this river and supplement the minimum flow for power 
purposes. 

Although the various storage works mentioned are primarily for power 
development and navigation, they have marked effect the control floods. 


Director, Dominion Water Power Branch, Dept. the Interior, Ottawa, Ont., Canada 
Received the Secretary, April 5th, 1922. 
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Many the Canadian rivers present problems which flood control 
primary importance and few typical examples the various may 
interest. 

Floods British Columbia.—In British Columbia, disastrous flood 
occurred the autumn 1921. rainfall more than in. hours 
caused the Coquitlam River flood, resulting much destruction. dis- 
charge 24000 sec-ft. was recorded, compared with previous recorded 
maximum about 12000 sec-ft. consoling feature was that the dam con- 
trolling the waters Coquitlam Lake withstood this test and that the factors 
safety insisted on, its construction, John Freeman, President, 
Am. Soe. E., have been justified. The Coquitlam Dam, the first hydraulic- 
fill dam built Canada, 1200 ft. long with maximum height 100 ft. 
and extreme width the base 655 ft. the same occasion, 
adjacent water-shed, Britannia Mines, even greater calamity was caused 
flood, including the loss thirty-six lives. The power and storage dams did 
not give away and the flood was probably lessened greatly them. 

The problems which have faced the delta the Fraser River this 
Province are also associated with flood prevention. The discharge this 
river has varied from maximum about sec-ft. minimum 
sec-ft. and accumulations snags, trees, and silt must removed 
regularly and dredging operations have carried for navigation, thus, 
also, preventing serious floods. Silt problems this river resemble somewhat 
those the Mississippi, and interesting results are anticipated from the co- 
operative study undertaken the Dominion Department Works 
and other Government and technical organizations their best solution. 

Floods Alberta.—In the Province Alberta, floods often result from high 
summer temperatures, which cause excessive melting the snows the 
mountains. 

June, 1915, the North Saskatchewan River Edmonton rose ft. above 
low water and 800 families were temporarily rendered homeless this flood. 

the south, the same Province, floods have occurred the Bow River 
1879, 1884, 1897, and 1902, when, each instance, part the City 
Calgary was under water. Escape from flood 1915 attributed the 
weather turning suddenly cold during the warm period which caused the 
Edmonton flood, thus stopping the excessive melting snow the mountains. 

The many uses the Bow River, including water supply, irrigation, and 
water power, would tend encourage further artificial control its waters, 
but the low winter temperature, subject sudden changes, presents difficult 
conditions for efficient storage operation. 

Floods Manitoba, records floods the Red River 
the North are available from various sources for great number years, and 
floods, reported particularly serious, occurred 1776, 1790, 1809, 1826, 
1852, and 1861, when, each case, the plain which the City Winnipeg 
built was inundated. The river drains the north, and the spring thaw 
its upper water-shed brings down flood waters the lower reaches before the 
complete release ice has occurred and the contracted channel below Win- 
nipeg also contributes flood conditions. The control methods considered 
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include reservoirs the upper drainage areas and overflow discharge from 
the Assiniboin River, large tributary, adjacent basin, together with 
dikes and improvement the river channel. Following the flood damages 
1916, that part the basin the United States, the co-operation the 
Manitoba and Dominion Governments was requested remedy 

Floods the Woods, between the Provinces Manitoba 
and Ontario, has lately furnished typical example how flood conditions 
can alleviated materially proper storage control responsible public 
organization. 

1916, previous the placing the regulation the Lake under the 
direction the Lake the Woods Control Board, notable flood 
this drainage area. contrast with this, 1919, when the Lake the Woods 
Control Board was exercising its jurisdiction, conditions which naturally would 
have had far more disastrous results, were anticipated aid coped with suc- 
cessfully. Prompt action the control works was made possible 
communication from the various meteorological stations reporting heavy rain- 
fall, and although the inflow rate the Lake became twice that 1916, 
and intelligent regulation enabled the Board cope successfully 
with the situation. 

Farther east, Ontario, the Grand River presents flood-control problem 
which, during the past decade, has often been discussed professional meet- 
ings. The situation aggravated the large number important centers 
various points along this river, which are more less affected the undue 
rise its waters. Among these centers are Brantford, Kitchener, Woodstock, 
Galt, Waterloo, Preston, Hespeler, and Paris. 

The recent recorded flow the Grand River shows maximum 000 
and minimum only sec-ft., and its floods are attributed the 
destruction great forest areas. The drainage hundreds square miles 
swamps the head-waters have changed moderate floods and sustained flow 
destructive floods and gradually disappearing flow. 

The floods the Grand River are caused spring freshets, and storage 
works for combined flood control, water power, and irrigation have been 
suggested. 

St. Lawrence River—Trouble from flood would hardly expected the 
St. Lawrence, with its great natural reservoirs and well regulated flow. This 
stream, however, furnishes example floods caused, not excessive 
discharge, but the blocking its channel ice certain points. The 
disastrous floods the St. Lawrence, the vicinity Cornwall, 1840, 1879, 
1887, 1895, 1898, 1901, and 1905, were caused ice jams. 

February, 1887, ice jams caused the water rise ft. above normal 
summer level, point above Cornwall, inundating two-thirds that town. 

Floods the Province Quebee, disastrous flood 
the Chaudiére River the latter part July, 1917, and serious spring 
floods have been recorded this river 1885, 1896, and 1912. Its most 
important tributaries, rapidly descending their steep courses, enter the main 
stream within distance miles, just above long section the river 
that has low banks and narrow channel, where the effect: floods particu- 
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larly disastrous. The Chaudiére flows the north, and the spring floods 
are caused freshets and ice accumulation from its southern drainage reach- 
ing the lower parts before the break-up has occurred. The maximum spring 
discharge has reached sec-ft., compared with minimum flow 
only 200 The discharge, during the summer flood 1917, following 
rainfall 5.42 in. hours, was estimated sec-ft. and caused 
rise water ft. with losses estimated $1315000. The Quebec 
Streams Commission has considered number reservoirs for flood control 
this river. 

The flood control the Chateauguay River also being studied the 
Streams Commission. This stream another example river 
flowing north which spring floods are caused mainly ice blockade 
the lower part the stream. The remedy proposed consists creating 
conditions the rapid upper part the stream whereby more substantial 
ice cover will formed, and retard and time properly its release the 
spring. 

General this discussion, has been possible give only 
brief summary the most important flood problems facing the Engineering 
Profession the Dominion. may interest state that, proportion 
population, Canada spending much more hydrometrie work 
than the United States. Every Province now covered the Dominion 
Survey, the field, office, and publication methods which are 
practically the same those successfully standardized the Water Re- 
sources Branch the Geological Survey. 


should given throughout the United States the collection data relating 
the various flood troubles and physical conditions affected localities, 
including both improved and unimproved property, particularly the former. 

Municipal and county engineers should brought realize the im- 
portance recording least the probable area and amount notable local 
rainfall; heights water, particularly crest, various points; velocities; 
discharge; duration and extent land overflow; and the classified character 
and amount damage, with its location, and such other happenings may 
value. 

may not feasible for all these things done the local au- 
thorities, but great deal could accomplished without much trouble 
expense connection with the regular duties. After the accumulation 
data extending over several years, localities not attempting construction 
protective measures any considerable scale would still receive guidance 
for general development. 

1908, prior the organization the Pittsburgh Flood Commission 
and when suggesting that study made, the writer, preliminary the 
engineering work with which later was connected, proposed the following: 
“To investigate the monetary loss, character damage and areas affected 


Div. Waterways, Dept. Internal Affairs Pennsylvania, Harrisburg, Pa. 
Received the Secretary, April 5th, 1922. 
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the floods the Pittsburgh District, and secure such other information 
may value basis for further consideration plans for im- 
provement.” 

was further suggested that part this study include: (a) damage 
buildings, equipment, and machinery; (b) damage materials; (c) loss 
employer suspension business; (d) loss employees due shut- 
down; (e) expense clearing up; (f) charities dispensed and funds for pre- 
vention disease; and (g) fires controlled through inaccessibility lack 
water pressure. the classification mentioned, transportation lines, course, 
were included. 

Because the various interests affected were brought realize the im- 
portance the matter and generously respond financially, was possible 
attain the extensive field and office results needed for the local engineering 
plans. Although the whole work included drainage area about 
sq. miles above the city, that part the study relating preventative 
means, storage reservoir control, intensive study special localities above 
Pittsburgh could not undertaken the requisite data were not available. 
secure the needed information for all the municipalities would have re- 
quired much time and large additional amount money, only attainable 
widespread and extensive campaign. was found that reservoir control 
for Pittsburgh would also render flood reduction benefits places above, and 
each community had had the foresight accumulate some useful informa- 
tion, the report could have been broadened include least many those 
communities beneficial manner. The findings disclosed that the damage 
oceasioned the greatest recorded flood amounted 300 000 direct loss 
Pittsburgh. 

illustrative the importance knowing conditions, study was 
recently made portion river valley Pennsylvania, having extensive 
valuable flat which located city importance. The writer found 
that 17-mile reach, the area involved the greatest recorded flood, 
amounted about 6980 acres. The width between flood flow lines, averaged 
about ft., whereas the width normal water, between banks, was about 
700 ft. Protective measures dikes was considered the only means 
available, given report 1913 Army engineer. These works, the 
recent study disclosed, would reduce the affected area about per cent. 

Many features vital importance present and future generations were 
involved this particular study. The increase property values, alone, 
would enormous with the flood menace, least, largely under some form 
control. 

timely for the Society means for the guidance municipal 
and county governments accumulating useful information regarding floods. 


Would not well have special committee report such plan? 


The State should accumulate the data collected and recorded the mu- 
nicipal and county authorities. The advantage such arrangement 
For number cases, special service would rendered 
State representative. 
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Southwestern Ontario bordered Lake Huron and its extension, Georgian 
Bay, the west and north, Lake Erie the south, and Lake Ontario the 
east. These large bodies water form, manner, meteorological barrier, 
mitigating not arresting undue atmospheric disturbances. The level surface 
and its cool, equable temperature induce conditions nowhere 
equalled the 

Ontario, precipitation and, some extent, general weather records ex- 
tend back about seventy-five years. The Canadian Meteorological Service was 
organized 1870, but observations had been made, some extent, for 
considerable time before. The average annual precipitation, rainfall and 
snowfall, has varied from about more than in. the high altitude 
region, the northerly part the area, the snowfall heavy, attaining 
ordinarily 120 in.; one record (1879) 153.8 in. The general average 
precipitation has varied cycles, and down, but there appears have 
been fundamental change since the beginning. Since the first observations, 
there record such extreme precipitations have occurred several 
times during this period, the region beyond the lakes. 

Most the heavy precipitation the peninsula has its origin the Gulf 
Mexico. Consider the extreme rain storm that caused the floods March, 
1913, along the Miami River and its tributaries: the area maximum 
precipitation, Eastern Indiana and Western Ohio, the total rainfall ex- 
ceeded in. prior March 24th. The maxima from the beginning the 
storm the dates given were at: 


Upper Sandusky, Ohio......... 


Cleveland, Ohio, March 1913, the rainfall was 2.88 in. 
observation stations Ontario, north Lake Erie, the records for 
March 23d 27th, are given Table 


TABLE 
MARCH MARCH MARCH Marcu 


Cons. Engr., Kitchener, Ont., Canada. 
Received the Secretary, April 5th, 1922. 
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will noted from Table that the precipitation higher the lake 
shore than inland, that some snow, and that much less than the 
precipitation south the lake. The totals for the stations given, 
were follows: Port Stanley, 41.8 in., Port Burwell, in., Port Dover, 
in., London, 43.6 in., Woodstock, 26.1 in., and Guelph, 28.5 in. 

the general question the effect forestation stream flow, the 
writer will cite his personal observation smaller river for the past fifty 
years. held that for extreme conditions both flood and low water, 
the influence forested surface detrimental, that forests neither retard 
the melting snow, nor prolong the run-off. The most notable proponent 
these views was the late Col. Chittenden, (Retired), Am. 
Soe. E.* Although for the special conditions the Rocky Mountain 
region where, above the forestation line, enormous snowdrifts gather the 
great clefts, and where, the slope, there are dense forests lofty 
evergreens—abnormal compared any other part the Temperate Zone 
where in. 18-in. snowfall will lodge the foliage exposed quick 
melting the “chinook” winds peculiar that region, forestation may in- 
and bare areas retard the intensity run-off, this does not hold, 
general, elsewhere. 

The influence normal forestation smaller rivers well established 
beyond question. The Ontario Peninsula was densely wooded area, 
general forestation. All observers agree that the floods are greater and 
the dry-period flow much less than before deforestation, settlement, and the 
general clearing and farming the land. Former springs and even brooks 
have disappeared, with deforestation. Rivers which the early days, were 
routes canoe navigation, are now small streams during the greater part 
the year. For instance, the Humber River, with its outlet Toronto, was 
the main route from the western part Lake Ontario the Northwest. 
present, except few miles above its outlet, this river now not navigable 
for canoes after the spring freshets. 

All the rivers the Peninsula have much smaller summer flow than 
formerly, and greater floods the spring. The Grand River drains essentially 
the central part the Peninsula, and its drainage area the plateau con- 
tains more than 400 sq. miles swamp area. The entire water-shed the 
river was originally heavily forested, the swamps also being covered with 
dense growth, mostly cedar and tamarack. The high-water channel 
years ago, overflows almost every spring with the snow-melting and 
the breaking the ice. The ice forced aside over the banks, and cuts 
the trees which could not have grown under present conditions. The ex- 
treme flood which generally subsides quickly, leaves the heavy ice formation 
high the banks for weeks; even with the light snowfalls the winters 
1921 and 1922, this overflow and ice shove occurred. snow-melting the 
observance Ontario that snow disappears open fields long before 
does the woodland. The head-water swamps were particularly valuable 
show retainers and great, spongy, natural reservoirs. Coincident with their 
drainage during the past years, the summer flow the river was reduced 


Transactions, Am. Soc. E., Vol. LXII (1909), 245. 
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its present low level. This swamp drainage was, mistakenly, assisted by. 
the Provincial Government, and thus valuable asset was destroyed. Above 
Bridgeport, the summer low water now generally about sec-ft., and the 
flood 1912—the greatest record—the flow was from 19000 20000 
sec-ft. 

The great river Canada, the St. Lawrence, with its unique and superb 
natural flow regulators, the Great Lakes, has little variation flow throughout 
the year. Local floods are caused ice damming, and local lower water, 
the Niagara River, long continued strong east winds, piling the water 
Lake Erie. extreme flood any component pouring into the Lake will 
cause only minute difference lake level, head outflow, and, therefore, 
rate outflow. 

Relative brooks and springs: the County Waterloo, with area 
about 600 sq. miles, there have been operation during the course its 
history, 112 water powers,* which supplied power mostly saw-mills and 
grist mills. Only about these water powers continue to-day. Few 
saw-mills are left the county, most the saw logs have been used long 
ago. The brooks which supplied some the smaller water powers, are now 
dry for great part the year. Innumerable springs throughout the county 
have gone dry, many them within the writer’s own recollection. 

the Grand River, exceptional natural facilities exist for water con- 
servation. This river comparablé the Genesee River New York State. 
has drainage area sq. miles, and wide the upper part, nar- 
rowing farther down stream. rises within miles Georgian Bay and 
has total fall more than 1100 ft. Its length, along its windings, more 
than 160 miles and empties into Lake Erie. The tributaries are the 
Conestoga from the west, rising the plateau, the Speed from the east, and, 
lowest, the Nith from the west. Along the main river are three fast-growing 
cities and number towns, and the entire water-shed one the most 
prosperous sections Canada. Extreme floods occur only the spring and 
always come with snow-melting the head-water area. Heavy rainfalls may 
cause rise ft. more many hours, owing the quick run-off, 
but these floods not overflow the main channel. The small low-water flow, 
which has greatly diminished existing water-power developments the river, 
sanitary menace and generally detrimental. 

the foot the upper river, Elevation 1150, there basin which, 
closed comparatively low dam, will contain from 
000 000 000 cu. ft. water. Above the site the heavy snowfall area, and 
drainage more than 450 sq. miles. The basin would filled every spring, 
and replenished during the summer the rainfalls. Further storage 
practicable the Conestoga where, with drainage area about 160 sq. 
miles above it, one dam will store more than 1000000000 ft. This will 
give more than 4000 000 000 cu. ft. storage capacity, sufficient eliminate 
flood damage the entire river below the dams and give minimum flow 
350 sec-ft., more—eight ten times the present low water large 
part the river. The existing water-power developments would greatly 
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benefited and additional ones would economically practicable number 
places. Further, the conserved water, now destructively wasted, could 
diverted and dropped over the Niagara escarpment the level Lake Ontario 
with development more. short time, the cities along 
will have depend the river for their water supplies, not directly 
the contemplated storage basin which would give much better water, both 
industrial and potable, than the present low summer flow concentrated hard- 
ness and contamination. 


cation for the large expenditures that these great flood-protection projects have 
entailed has not been thoroughly discussed. Descriptions have been given 
towering retaining walls, mountainous fills, miles bank revetment, thou- 
sands feet diversion weirs and spacious by-pass channels, and the millions 
dollars assessments paid for the construction these gigantic works 
have been cited. preserve the balance, should not the millions which 
these projects will return the investors, have been pictured equally bold 
relief 

Each drainage basin subject floods must studied problem 
itself. gravest danger lies wrong applications good solutions. 
Reference has been made the general opposition reservoir construction 
during the early development the Miami Project. other communities, 
similar opposition voiced against levee construction, the Lower Mis- 
sissippi, for example. Political spellbinders who picture the gathering flood 
waters into tremendous reservoirs for later beneficial use power develop- 
ment and the increase navigable depths streams, are applauded 
audiences that give unsympathetic ear the engineer who points out 
that the structures required utilize flood waters available only once 
years will never return interest the investment, and that storage for 
flood prevention and beneficial use are essentially antagonistic. 

Engineers are primarily responsible for the false notions which the general 
possesses regarding most flood problems because they too often fail 
emphasize why, one stream, the correct solution the flood problem not 
necessarily applicable other streams; why automatic retarding basins are 
the best solution one case, levee construction another, cut-offs and by- 
passes another, and manually controlled reservoirs still another. 
engineers would mould opinion such vital questions flood pro- 
tection, the writer believes they should place greater emphasis these phases 
their projects for the benefit the public. 

The cost every flood-protection project must justified those who 
pay for it. The comparative cost and accomplishment the projects, not 

Stand out prominently they might. The fact that communities Ohio 
have spent for the control floods water-shed 3500 sq. 
miles not prima facie evidence that communities Minnesota can afford 
spend 000 000 for the control floods basin 000 sq. miles. 


Cons. Hydr. Engr., Minneapolis, Minn. 
Received the Secretary, April 5th, 1922. 
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The protection agricultural lands one the flood problems Minne- 
sota. typical example that about 100000 acres rich bottom-lands 
the Minnesota River Valley. Some these lands are flooded average, 
every years, others less frequently. Having determined the extent 
and frequency flooding from the best available sources, this problem 
resolved itself into determining how much protection offered the greatest 
return, the investment and how this protection, worth while, could 
most economically secured. Although these studies have not been fully com- 
pleted, the answers are: 

does not pay protect agricultural lands from 
through rare floods, that is, floods that will not recur, average, once 
about fifteen years. 

lives, farm buildings, city property, other important 
improvements are not endangered, does not pay fully protect the flood- 
control structures themselves against floods unlikely recur once century 
more. 

these agricultural lands must secured through the 
construction manually controlled storage reservoirs, combined with the pro- 
vision reasonable bank-full carrying capacity the channels below. 


full statement the reasons for these conclusions cannot undertaken 
short discussion, but the writer will state that the cost levee construc- 
tion and channel improvement cannot justified the crop savings affected, 
even there were other objection these methods flood protection 
this’ stream. 

Every large tributary the Minnesota River flowing down steep slopes 
from the uplands, into the valley the main stream, has either succeeded 
blocking the stream sufficiently form lake produce long flat reach 
above the point debouch. These lakes and the longest reach the stream 
where the slope flat, have been selected sites for three reservoirs. 

Below the proposed reservoirs, the stream has steeper slopes and relatively 
larger capacity, that is, from one-sixth one-fourth the capacity necessary 
off, bank-full stage, 25-year flood. the extreme upper end 
the valley, the channel will carry only about one-twentieth such flood. 
For this reason, flood water stored the upper reservoir must discharged 
over period several months, wet years. This fact alone shows the 
impracticability automatic retarding basins for this stream. The smaller 
the drainage area the larger the ratio the flood flow the bank-full capacity, 
hence, the greater the required storage reservoir per square mile tributary 
drainage area. 

The Minnesota River reservoir farthest down stream will filled most 
frequently, but may emptied again few weeks. fact, this reservoir 
comes nearest having the characteristics automatic retarding basin. 
Even this reservoir, however, must closed off entirely times, for day 
two, order give the single large tributary which enters just below, the 
right way the main channel. 

The writer believes may set down fundamentally correct prin- 
ciple, applicable not only the Minnesota River, but most other streams, 
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that both the length time over which flood water should detained and 
the quantity water which should detained per square mile tributary 
drainage basin for flood protection purposes, decrease down stream. The 
flood-plain most large streams, particularly the lower reaches, affords 
detention basin mean proportions. Levee construction preserves and 
enlarges these natural basins. 

conclusion, the writer would reiterate that believes endeavor 
should made emphasize more strongly the basis which each flood- 
protection project justified, and the factors that each case 
made the solution adopted, the best one, engineers would prevent the forma- 
tion prejudices, both within and without the Profession, for and against 
all methods coping with this most vital problem. 
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The subject lighting residences and homes interest, partly be- 
cause little known about and partly because such rapidly 
growing science. 

The scientist the engineer usually wants discuss subject terms that 
are concrete there are three well known terms used all dis- 
cussions illumination, namely, “foot-candles”, and “lumens”. 

larger diffusing unit, will radiate light with certain pressure, candle- 
power. People are not concerned with the “pressure” radiation light, 
only far may cause harm the eyes. They are concerned, however, 
with the amount illumination working surface, because they were 
attempt see paper desk top picture the wall, they could 
only see virtue the amount light falling it, and reflected from 
the paper the picture the eye. 

measure the illumination surface, the term “foot-candles” used. 
snow was fall the thickness ft., one would obviously say the 
depth the snowfall was ft. Similarly, the thickness lightfall 
surface measured foot-candles. The instrument measure the lightfall 
called foot-candle meter. 

The quantity light measured terms “lumens” and the product 
the area illuminated and the foot-candles illumination that area. 

the application light, one wishes know the amount, the direction, 
and the color. the physicist, color merely matter wave length, and 
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can controlled absorbing certain wave lengths, either transmission 
through glasswear reflection from wall surfaces, selected light source 
given wave length may used and, therefore, color. 

common practice there wide range color and amount illumina- 
tion. The eyes have become accustomed this variation that, over short 
periods time, one can scarcely notice when there too much too little 
light, unless measuring instruments are used the conditions are investigated 
quite thoroughly. For that reason, the subject illumination the home 
needs engineering attention, because the eyes children—adolescent 
eyes—that may continue function under illumination, neverthe- 
less, may straining all the time, until some serious difficulties result. Con- 
versely, the eyes may exposed the rays bright, glaring lamps. Every one 
suffers from glare the same way, but the evil insidious and affects, par- 
ticularly, children and elderly persons. The resultant eye troubles are sure 
come, although slower milder form. Headaches and similar troubles 
are caused eye strain under glare. 

Any one individual may safely say that study home lighting does not 
seriously concern him, but with community, group people, ex- 
emplified large office building, the possible economies the possible 
losses must considered. The economies that person his own home 
might consider negligible, will represent, over entire community, 
great saving. One may astonished find that his home office 
can use light gray white shade wall ceiling and 40-watt incan- 
descent lamp, and receive the same amount light his desk with dark 
yellow green shade and 60-watt incandescent lamp. The amount light 
reflected from different colored surface varies. Probably 80% the light 
reflected from good white colored surface, but only 40% from medium 
red tan shades, and perhaps 10% from the dark green. 

The average decorator and housewife does not seriously consider the effect 
interior colors, wall paper, and finishes the amount useful 
tion. The kind paint should considered, because has been discovered 
recently, that paints the same color, but made from different constituents, 
will reflect different amounts light. One can easily demonstrate mixing 
lamp black with white paint, thereby getting the same shade gray 
perhaps from other mixtures, green and vermilion. The lamp-black 
reflects less light than the same shade color made from green and 
Lamp black heavy absorber light. 

There are many other factors economic lighting that the home owner may 
ill afford overlook. The position lamps, whether tip tip 
sidewise, may shorten the life considerably. The proper voltage for 
Mazda lamps important. one modern residence some the lamps 
were for 110 volts and some for 115 volts. The question was asked, “What 
-difference does make? They both The answer is, voltage 
115 and the lamps are for 110 volts, their life will reduced about one-half. 
the voltage 110 and the lamps are for 115 volts, about 85% the pos- 


i 


Papers. THE NATIONAL HOUSING PROBLEM 1251 


Another matter this illuminating problem that there probably 
much difference between the amount light absorbed various glasses 
there colored paints. good quality opalescent glassware may transmit 
85% the light, whereas poor quality will transmit only per cent. great 
mistake made most artificial lighting installations not studying the 
question the glassware. few years ago, the crystal rough frosted glass was 
used almost exclusively. was not good diffuser and was heavy absorber 
light. present, rarely used and then the cheapest type light- 
ing fixtures. Its low first cost lost many times over, through its inefficiency. 

The selection window sheet glass, used sometimes skylights and 
particularly windows and partitions, important. The prism window glass 
has never been seriously studied from the standpoint lighting, and yet 
can easily demonstrated that piece prism ribbed window glass 
turned with the prisms one side the other, might change the amount 
glass with the prisms the inside, running the wrong direction, was 
used windows where the light comes from without, comparatively little 
light would obtained the rooms. the prisms are placed the side 
from which the light comes, the illumination might increased per cent. 
Many good architects have never thought this matter; they will place 
windows partitions with ribbed prism glass them, but the idea 
placing the rib one way the other was never investigated. 

About year ago, was ascertained that the 30000000 000 000 
homes the United States, only about 000 000 were wired for electric light, 
that there possibility much improvement extending the use 
electricity for residence lighting. Also, for every rooms house, 
there only one convenient outlet, such baseboard plug receptacle. 
surprising that many people buying, building, planning homes, 
forget that the electrical conveniences—portable table lamps, stoves, cooking 
devices, fans, first have outlet provided for them. some 
the modern apartments difficult find good places attach electrical 
conveniences, that might used the attachment facilities were available. 

Take the average residence, for example, the kitchen one finds far too 
many installations which bare incandescent lamp used, hanging some- 
where over the stove. This arrangement not only detrimental good 
vision, but uneconomical. The maximum amount light from the 
bare lamp sent out sidewise and much goes upward, with relatively little 
projected downward. downward, the stove, that the illumination 
wanted, and would require perhaps foot-candles this surface 
enable person see properly. Yet, from foot-candles are used 
the upper part the room and practically none the working surfaces, 
except what may reflected from the ceiling opposite walls.on the stove. 

The use combination gas and electric fixtures poor practice. Too 
often the lamp too low illuminate large area, points out 
angle that inefficient. better have the emergency gas-bracket 
within reach, and ceiling unit controlled pull-chain wall 
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Many equipments, even modern homes, use larger lamp than 
intended for the reflector. The lamp bulb extends about half way out 
decorative but inefficient, glass shade. Any lamp that projects out the 
reflector not operating satisfactorily. ideal method have the 
tip the lamp bulb about level with the bottom edge the reflector. 

Entrance doorways the home are quite well lighted brackets, some 
cases the house numbers being painted the glassware. The usual mistake 
with such porch brackets, that they are located behind opening doors and 
every time the wind the children throw the screen door open, the glass- 
ware broken. 

many residences, one still finds the old dome hanging over the library 
table service. not bad the lamps are placed far enough 
that the exposed filaments the incandescent lamps are not visible. Con- 
sequently, that sort fixture used, screen silk should placed 
under it, piece diffusing cloth, anything that will shade the eyes 
from the direct view the light bulb. 

The cleaning lighting devices important. Glassware, lamps, even 
walls, all need better attention than they usually receive, and the dust that 
will accumulate month may reduce the illumination 30% more. ‘At- 
tention should called the fact that either deeply shielded lamp, 
rather dense semi-indirect bowl, inverted opaque bowl, are excellent 
for the bedroom. 

Home lighting involves lamps, colors interiors, cleaning, optical hygiene, 
amount and direction light, but most all, realization the vast dif- 
ference between pleasant livable illumination and just lighting. Lighting 
and housing conditions can improved tremendously little attention 
given the problem. The manufacturers lamps, the larger manufac- 
turers lighting devices, are ready furnish service increase the quality 
illumination; and, finally, people should impressed with the fact that 
better lighting not necessarily more expensive. 
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Discussion* 


Howarp Assoc. Am. Soc. (by letter).g— 
The character the subject chosen, together with the definite intention the 
part the writer present the profession résumé those principles 
which official experience has proven will, when properly applied, assist the 
engineer the solution any problem resurvey encountered, whatever the 
degree complexity, has precluded any departure into the field original 
Government surveys. 

may stated, however, that the instrumental equipment and the field 
methods used for the projection and measurement lines both surveys 
and resurveys are much the same, but the problems encountered the former, 
although difficult, are usually distinctly different nature—the element 
private interest and vested rights not having such primary bearing. This 
reference, course, does not include those original surveys executed lands 
sometimes found along meanderable bodies water, islands, fictitious lakes, 
other tracts, which develops were erroneously omitted from the original 
township survey, nor does those other surveys, which the General 
Land Office alone authorized and qualified under the law exeeute, required 
for the identification lands for purposes evidence suits proceedings 
behalf the United States. This class fragmentary work involves ques- 
tions status and classification survey and, thus, becomes closely allied 
resurveys, inasmuch the private rights involved are generally paramount 
importance. The investigations and surveys which are now being executed 
the bed and flood-plain the Red River connection with the Oklahoma- 
Texas boundary litigation, form example work this class. 


Discussion the paper Howard Richards Farnsworth, Assoc. Am. Soc. E., 
continued from March, 1922, Proceedings. 


Author’s closure. 
Member, Manual Board, General Land Office, Washington, 
Received the Secretary, April 4th, 1922. 


Mr. Douglas* properly emphasizes the value correct reference the 
basie system the lines any public works the true meridian, inci- 
dental finished return. any long traverse such railroad, canal, 
highway survey, where there often opportunity for closure, correct bear- 
ings lines are especially desirable. such cases the reported definite rela- 
tion each line the meridian will provide the means which identify 
each line the survey although only one point the whole system may 
known. 

Attention has been called Mr. Douglas the ease with which the nec- 
essary co-ordinates Polaris may found tabular form, for use the 
identification the star during the daylight hours. might also well 
recall that precise tables this character may found the “Nautical 
published the Naval Observatory. 

similar tabulation also appears the 1921 edition the “Ephemeris 
the Sun and Polaris,” which pamphlet frequent reference was made 
the writer his paper. This table was formulated the General Land 
Office facilitate the determination the latitude altitude observation 
Polaris any hour angle, the latitude the station being determined 
applying primary and supplemental correction the observed altitude 
Polaris, properly corrected for refraction. The tabulation concise and 
practical its operation and the vertical angular values Polaris above 
below the pole for any mean time hour angle are readily taken from it. From 
station known latitude, the position altitude Polaris thus easily 
determined. The position azimuth Polaris for known latitude and 
stated mean time hour angle and declination readily apparent reference 
the table azimuths Polaris also found this “Ephemeris”. 
the use these two tables, the position Polaris easily found for any 
hour angle and latitude, from any station within the United States. 

Mr. Hughest exhibits much assurance the revival old subject. The 
exposition his method traverse adjustment made the exclusion 
all others, and championed with the courage true conviction. 

The earliest presentation this “twist” method far the writer knows 
was made Mr. 1895. Mr. Hodgeman, however, guards 
the method properly restricting its application cases where might 
definitely known that the angular measurement and rhumb-line projec- 
tions were perfectly accomplished and, therefore, that the whole error might 
theoretically charged defective measurement and the initial meridian 
determination. however, that practice numerous additional 
errors occur from many causes and then reiterates the first fundamental 
principle balancing, rule which has not ceased sound logic 


“As the sum the lengths all the courses the length each course, 
the total error the error that course.” 
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The method traverse adjustment vigorously championed Mr. 
Hughes was known, discussed, its limitations fully recognized many years 
ago the Cadastral Engineering Service and has since been considered 
inapplicable the reproduction meander lines. all other cases where 
this “twist” method has been brought the writer’s attention, its advocates 
have claimed for only the limited application possible under positive 
assumption the manner which the errors the survey were 
made, rather than the negation appearing the expression, “in the absence 
evidence the contrary”. Mr. Hughes makes attempt confirm 
this negation, follows that there evidence opposition the specific 
assumption then there also, implication, certainly none its favor, and 
the amazing conclusion then reached that, the absence any knowledge 
whatever the contributory causes, all the error for this reason must 
definitely assigned the performance certain functions and excluded from 
others. 

According the most elementary conception the law probability, 
lack knowledge evidence admitted certain causes (the func- 
tions performed instrument and chain), all elements contained therein 
must share responsibility the known, combined effect (the closing error 
found). the absence, therefore, definite knowledge the contrary, both 
instrument and chain performing all their functions must held 
mutually responsible for errors found, since each, independent the other, 
measures one the two polar co-ordinates necessary for the fixation 
definite point the earth’s surface. The combined effect the instrumental 
errors azimuth, angular deflection, and adjustment are chargeable with 
the same degree inaccuracy the combined effect chain errors 
leveling (or reduction horizontal clinometer), the alignment 
chainmen, and unit errors the length chain. 

should not necessary recall the fundamental principle that, when 
two more independent measuring functions are performed determine the 
co-ordinates point, the degree accuracy with which that point fixed 
substantially depends the accuracy obtained the least accurate the 
various functions entering into the process. perform the linear measure- 
ment definitely and materially less accurate manner than the angular 
measurement and projection lines, would involve loose and rash expend- 
iture time the accomplishment accuracy which serves purpose. 
surveyor will avoid any ineffective refinements and, unconsciously, will reg- 
ulate the operation: instrument and chain that either has limit 
accuracy materially different from the other, needless waste time will 
avoided attempt refinements materially inside the limits the 
least accurate. This certainly true the later survey the resurvey 
which develops the error and, without doubt, also true the original survey. 
Naturally, then, bold assumption the specific cause error, that the 
discrepancy between the results the original survey and the resurvey can 
“be attributed entirely difference orientation, difference chain 
lengths, combination both,” and that, therefore, the error found was 
due entirely erroneous orientation and chain lengths both surveys, 
particularly baseless and untenable. 
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Although recognized that the mechanical errors chaining are 
compensative and subject one law and that the unit errors chain length 
and errors alignment are cumulative and subject different law, the 
only permissible hypothesis the combined error both chain and instru- 
ment is, that this combined error, which its combined effect represents 
the result all contributory causes, varies directly with the length the 
line surveyed. When this conclusion reached, the method restoration 
follows matter mathematical certainty and that given the paper. 
Any other hypothesis makes necessary assumption definite knowl- 
edge the particular contributory causes which were previously held 
unknown. The question, then, primarily one hypothesis, for the 
proper method will follow secondary matter accomplishment. For 
instance, those cases where definitely known that the original surveyor 
inadvertently has confined all the error the measurement and the initial 
azimuth, perhaps, with view the ultimate application this “twist” 
plan restoration, has purposely done so, then, without doubt, the method 
set forth Mr. Hughes follows with equal certainty. 

the case meander line, the angle-points the traverse are established 
without monuments, except the initial and terminal points, and the known 
error that which results from the extension the record bearings and 
lengths later and presumably more accurate survey from either existing 
terminal monument toward the other, from both toward the particular 
angle-point recovered (see Figs. and 10).* The direction and extent 
the error thus developed the same for all points along the traverse; that 
is, must considered from the record single later survey, regardless 
its order recorded progress, that was extended from either existing 
terminal monument toward the other from both toward any one the 
angle-points, the original record bearings and lengths; which case, the 
error developed will the same for all points. 

Considering any one the angle-points for the purpose illustration, 
the recovery its original position later survey must depend and 
influenced all the existing evidence such original position. The 
sum total all this evidence the two existing terminal monuments and 
the record the original survey the courses and distances therefrom. 
The only logical manner whereby the influence the known evidence can 
properly exerted the ultimate recovery the point question, 
extending from each existing monument the original record courses and 
distances until the angle-point reached where, unless error developed, 
two separate points for the position thereof will found (referred here- 
inafter temporary points, see Fig. 9*). only one original terminal 
monument assumed known, then the position reached for the angle- 
point from this monument should adopted once the ultimate position 
thereof. Similarly, the other the terminal monuments known, and 
the first one lost, then the other the two temporary points would 
adopted with equal assurance the final position. However, the presence 

Proceedings, Am. Soc. E., November, 1921, 432. 
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both terminal monuments and two separate temporary points, the true 
position for the restored angle-point must such that will nearest 
both temporary points indicated the terminal monuments, somewhere 
straight line between them. the errors vary directly with the length 
the line measured, this restored point will occupy such position this 
straight line, that will divide the line into distances which are proportional 
the length the lines measured from each terminal monument. 

presenting the problem this manner, the careful reader must see 
once that each existing original monument and all the calls the original 
record therefrom have been made exert their proper influence the 
recovery the required angle-point, and will realize that not only all 
legal requirements are fulfilled thereby, but the scientific requirements 
The theory non-concurrent parallel forces might applied this 
problem, the principles involved determination the “center 
gravity”, but the same resultant point would reached. 

one element whether the known monuments, the 
bearings, the distances, can regarded evidence less 
competent than any other and neglect any one them 
arbitrarily and without reason, would indefensible. 

Consider, now, that, the original record, third 
existing corner monument had been connected 14. 
traverse line any one the angle-points the first traverse line, shown 
Fig. 14. 

would interesting Mr. Hughes would apply his method the 
restoration the angle-point common both traverse lines. each the 
three existing corners was share the control the restored angle-point, 
would have option, but apply his method the three pairs corners 
separately, that is, first between Monuments and second between Monu- 
ments and and, third, between Monuments and this event, 
three different positions for the restored angle-point would result and 
could not escape the necessity for consideration mean position the 
three for his final position. logical extension this plan restoration 
would also give two separate positions for every angle-point, other than the 
common point just referred to, the tri-system. determining mean 
position for all such points and connecting them with right lines, what then 
would become the proportional lengths lines and the constant angle 
twist 

contrast with the inconsistency produced the foregoing, the applica- 
tion method will investigated, conceived the assumption that all 
existing corners and all the calls the original record are share alike 
proportioned influence the final position the angle-point 
recovered. 

Extend the lines the record bearings and lengths from each exist- 
ing monument (A, and each angle-point the tri-system. This 
gives once three temporary points for each angle-point the system. 
Each these points being weighed inversely its distance from the cor- 
responding existing monument, the mean position found applying the 
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principle non-concurrent parallel forces explained the paper (see Figs. 
and 9*). The application this method general, matter how many 
existing monuments are considered being connected with the point, the 
restored position which required, and matter how complicated the 
system the record survey may be. The results, all cases, are logical and 
consistent. 


15. 


The absurdities which must expected any general application 
the Hughes plan restoration are only partly evident from his Fig. 13.+ 
make more apparent, attention invited Fig. 15, which illustrates 
the restoration the erroneous original meanders peninsula. This 
arrangement the lines the traverse not unusual, and often en- 
countered also the fixation the boundaries fictitious lakes. will 
observed that the assumed closing error not excessive and may well 
expected view the relatively long distance traversed. All the angle- 
points and terminal monuments have been designated this diagram with 
letters corresponding those assigned Mr. Hughes Fig. 13, order 
that the restoration can easily accomplished, following the plan 
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plained him. fanciful position will immediately occupied the 
traverse system after its rigid orientation azimuth, fact, such resultant 
positions will sometimes reach into entirely different quadrants. The cor- 
responding positions occupied the angle-points when reproduced the 
application the only logical method are those indicated the small 

believed that Mr. Hughes has either not read the paper carefully 
should else that has allowed his judgment influenced more 
the apparent geometrical elegance the method advocates than 

Mr. Tallman* furnishes conclusive evidence the keen interest that 
took the work the Cadastral Engineering Service throughout his 
Commissioner the General Land Office, and his intimate 
knowledge the general subject from the executive and legal point 
view. has stated, was largely during this period that previous 
experience developed into established principles and practice. realized 
that, large extent, the adjudications the Land Department and the 
operation the various land laws must rest and influenced the 
preliminary determinations the cadastral engineer. 

Effective safeguards for the elimination errors field observations, 
and practical suggestions for saving time the resulting reduction opera- 
tions, are frequently developed and verified through individual use. Such, 
apparently, the case with Mr. Lightfoot, who has made valuable suggestions 
methods has Where one finds real efficiency the expenditure 
time, with due regard for accuracy, one will also find the origin 
progressive ideas, and investigations looking the development new 
forms. Mr. Lightfoot’s suggestion the possible use tabulation 
azimuths the sun interesting, and the writer would like have had 
him pursue the investigation such tabulation further, order 
determine its practicality. 

There one who deserves more studious attention discussion 
the fact cadastral surveys, their foundation law, and their legislative 
development than Judge Proudfit, who has given most interesting dis- 
cussion the subjects which has Particular attention has 
been given him the advantages immediately accruing the Govern- 
ment the abolition the contract and the establishment the direct 
method execution. Mr. Patten and Mr. Baron have also stressed this 
When considered that the public domain the people’s most 
valuable heritage, seems that the principle conservation, exemplified 
proper facilities for accurate identification the units disposal, was 
applied none too soon. The Government’s recent industrial experiences 
during the World War have furnished renewed and costly examples what 
the may continue expect its relations with unscrupulous con- 
tractor. “Certainty result” this period enlightenment surely should 
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continue the primary object. The maintenance National body 
civil engineers within the organization the General Land Office ad- 
minister and execute the complicated work Federal cadastral surveys and 
resurveys, aptly referred Judge Proudfit, natural pre-requisite 
the attainment certainty results. The writer knows few instances 
involving endeavor, where the Government obtaining satisfactory 
results through the medium contractor, even the presence the most 
rigorous safeguards. 

should stated, this connection, that those efforts toward perfec- 
tion results that this body engineers consistently maintaining, have 
been materially aided the confidence and constructive co-operation the 
members the Board Law Review the General Land Office. The 
Cadastral Engineering Service fortified the knowledge that the con- 
clusions and material prepared its Manual Board for the first six chapters 
the new “Manual Surveying Instructions”, stood with steady permanence 
the searching inquiry and critical judicial consideration three such au- 

thorities the jurisdiction and practice the United States Land Depart- 
ment Judges Samuel Proudfit, John McPhaul, and William Lewis, 
who participated the closing conferences these chapters before official 
approval. The familiar tradition involving the supposed indifference the 
lawyer toward the engineer, certainly did not apply the closing conference 
the “Manual”, recalled Judge Proudfit, when and his colleagues, the 
Commissioner; Mr. Frank Johnson, Supervisor Surveys; and the Manual 
Board composed Mr. Walter Paine, Chairman, associated with Messrs. 
Arthur Kidder, Thomas Havell, William Craigue, and Clinton 
Tudor, reached unanimous agreement the material prepared and presented 
the Board for final consideration. When recalled that this work had 
previously received the endorsement Mr. Charles Bois, for twenty- 
five years Chief the Division Surveys and Resurveys, its firm founda- 
tion and law will duly appreciated, commensurate with the 
extent and quality all the effort expended its production. 

Mr. Patten* has reviewed certain interesting events connection with 
some the resurvey projects the State Wyoming, and Mr. Baron* 
recalls the difficulties encountered the recovery the obliterated evidence 
the early surveys Florida. His experience with the restoration the 
lines the five old Spanish land grants which the City Jacksonville 
based, illustrative the difficulties encountered the restoration the 
irregular boundaries some these old grant lands, which are now often 
great value. recent example similar resurvey the reproduction 
the Cadastral Engineering Service the boundaries tract, known 
the suburbs Los Angeles. this case, clear identification the 
boundaries the granted lands had not been provided until the filing the 
resurvey plat 1920. clear title had never been asserted this tract, 
United States patent covering had still issue that date. The several 
claimants record and parties interest included eight individuals, the 
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State California, and one oil corporation. The tract was reported 
worth $1000 per acre for agriculture and, addition, covered with 
producing oil wells, thus making the property exceedingly valuable. Mr. Light- 
foot will recall this interesting case, participated the field work. The 
old archives Spanish and Mexican origin, which are found the files 
the offices Surveyors General, include numerous interesting 
documents, many which bear the signatures the reigning monarchs and 
the rulers those countries. 

Mr. Baron’s implication that irrelation generally exists between the 
legal acreage shown official plats and actual conditions the ground, 
and that there always corresponding loss land the Government, 
somewhat misleading. matter fact, found that the ordinary the- 
ories probability are fully verified the results boundary retracements, 
other than those limited scope, and that excesses and deficiencies original 
measurements are developed with equal frequency. might also well 
correct the statistical data which have been given the extent com- 
pletion the subdivision the public domain, and the present status 
resurveys. The public land States include all the States, except the thirteen 
original States and Maine, Vermont, Kentucky, Tennessee, West Virginia, 
and total land surface the public land States estimated 
442 200 320 acres, more than three-fourths the total area the forty- 
eight States. The Territory Alaska estimated cover 378 165 760 acres. 
June 30th, 1921, about 168 000 000 acres public land the public land 
States had not yet been surveyed. the Territory Alaska, the area which 
has been surveyed insignificant compared with the total area the Ter- 
ritory. and resurveys have been and are now being executed 
nearly all the Middle and Far Western States and many Eastern-Southern 
States. settlement and land values increase, the demand for Federal re- 
surveys increases and often exceeds the available facilities for supply. 

Land patents not convey title primarily stipulated number 
acres, but rather certain designated units disposal fixed the 
boundaries thereof. The area content secondary and that which 
actually found embraced within the stated boundaries. Consequently, 
the writer somewhat loss understand what was intended Mr. 
Baron the suggestion that land patents had sometimes been issued 
which conveyed “no titles whatever.” The nearest approach this condition 
might case partial total conflict one claim with another, situa- 
tion which ordinarily must have been known the affected entrymen, but had 
not been revealed the General Land Office until the patents had been issued 
and were beyond recall. such case, the proprietary authority conveyed 
the respective patents would properly commensurate with the good faith 
the entrymen during the progress the entries toward the conferring 
the titles, each conflicting claimant would fully aware the equitable 
and relative rights the other. just adjudication was made, neither 
claimant could rightfully consider himself injured. 

The idea that patents might sometimes not convey title, even though not 
confronted any adverse superior claim, reminds one the suggestion 
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sometimes advanced that when the record the original survey, given 
locality, cannot reconciled with the relative positions the existing corners, 
that when physical evidence whatever original monuments can 
found, the inference justified that the original surveyor did not run the 
lines stated his field notes and, therefore, could not have built any 
corners; which event, then maintained that the original corners can- 
not recovered resurvey, restored for the control the boundaries 
alienated lands. 

Such conclusion based entirely false premises. Resurveys not 
attempt reproduce that which once existed and lost, but, rather, they 
reproduce that which the original record exist. The physical 
corner monument itself is, course, the best existing evidence the position 
the original survey described the record; however, all the monu- 
ments had been originally established and were afterward lost, the same prob- 
lem would confront one, the case where they were never established. 
either case, one has the positions where the original record claims they 
were, and, therefore, not vital the restoration whether not the 
physical monuments were ever actually established, since, both all 
evidence thereof has been considered lost. The original survey, 
when official, enduring basis for disposal, and land titles are not 
invalidated any time through the destruction the corners. The survey 
made enduring through the filing the official field notes and plats. The 
proper interpretation this original record, referred local conditions, 
for determining questions good faith location, makes necessary the 
application the definition good faith, such given page 438 
the paper.* 

claimant not necessarily involved litigation the adjudication 
area conflict (see Plate general, conflict subject clear- 
ance private mutual agreement, adjudication competent Court, or, 
when either party admits and asserts proprietary right such area 
and voluntarily relinquishes all interest the same, then, also, the law 
providing for the amendment entries selections and re-issuance 
patents, Section 2372, S., amended the Act approved February 24th, 
1909 (35 Stat., 645). satisfactory showing either party and recon- 
veyance the Government unencumbered title covering the original units 
disposal invaded such conflicts, re-described entry patent will 
issued the General Land Office, reaffirming his interest and title the 
land, exclusive the conflict. these cases, the claimant then allowed 
take lieu thereof, any equivalent area vacant available land appro- 
priate class, which may contiguous, none adjoining, then com- 
plete his homestead, selection, other right, taking any available equiva- 
lent area vacant land, which may not adjoining, the latter the form 
supplementary entry selection under the entry laws. The particular 
plan adopted for the clearance any conflict depends the attitude assumed 
the parties interest; however, the end, each claimant should receive 
that which entitled. 


Proceedings, Am. Soc. E., November, 1921. 
Ibid, 440. 
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The writer has reviewed some detail the subject conflicts, the 
belief that the discussion will some value engineers when they en- 
counter these perplexing problems the field. Concluding the discussion, 
there appears general agreement that the subject cadastral resurveys 
requires the most deliberate consideration the Engineering Profession, 
order that when attempts restoration are made, the fixation land bound- 
aries and the delineation private rights may accomplished with finality. 
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BUCKLING ELASTIC STRUCTURES 


Discussion* 


gation was defined exclude the cases which the deflections are large 
and those which the stresses exceed the proportional limit. The first limitation 
excludes the consideration the very slender structures the deformations 
which have developed beyond the initial stage. The second limitation excludes 


the application the method the exact analysis the heavier structures 
the ultimate load, which can not reached until the proportional limit has 
been exceeded. The phases the subject thus excluded, are essential com- 
plete study column action. For example, the action short medium-long 
columns can not appreciated fully without taking into account the behavior 
the material beyond the proportional limit; concerning this matter, reference 
made the works Southwell, and 

limiting the field, however, possible develop analysis 
which applies structures many shapes; and the inevitable initial 
eccentricities are taken into account, Articles the this 
analysis will explain quite accurately the strength properties, not only 
slender, but also medium slender structures, for example, medium slender 
columns. Rankine’s formula shown this way apply with rough approxi- 
mation the buckling columns and certain other structures (see the 
closing paragraph Article 26). 

Mr. Paaswell** has mentioned slender columns with deflections large that 
Euler’s theory must replaced more general theory the elastica. This 


Discussion the paper Westergaard, Esq., continued from February, 1922, 
Proceedings. 


Author’s closure. 
Asst. Professor Theoretical and Applied Mechanics, Univ. Illinois, Urbana, 
Received the Secretary, April 24th, 1922. 


For the works and Southwell, see Bibliography, Section Proceedings, 
Am. November, 1921, 530; Salmon, (Oxford Technical Publi- 
cations, Lond., 1921), 279 pp. This work contains extensive bibliography and account 
Previous work. 

Proceedings, Soc. E., November, 1921, pp. 508-512. 
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case, strictly speaking, outside the scope the investigation, but the results 
exact analysis may used decide how large the deflections 
column may before the deviations from Euler’s theory become appreciable. 
formula given Schneider,* result the exact analysis, quoted: 
The end load hinged-ended column is: 


where the length measured along the elastic curve (slightly shortened 


the axial force) and the maximum deflection. When the load, 


differs from Euler’s value only about 1.25%; that is, with maximum 
deflection equal much one-tenth the length, Euler’s theory still gives 
close approximation. 

making applications the analysis the initial stages flexure the 
very slender structures, the possible influence the weight the structure 
must carefully considered. example, Euler’s formula 
for hinged-ended columns, steel blade, 0.025 in. 1.5 in. (with 


would support end load equal 0.45 but, the blade 


weighs 0.38 lb., Euler’s theory can not applied unless the blade placed 
horizontal position, edge. Placed vertical position, with simple 
supports the ends, the blade would buckle under the influence its own 
weight when small end load added, but the elastic curve would not 
sine-curve Euler’s theory; long the deflections remain small, there 
neutral astatic equilibrium constant critical end load, but Euler’s 
theory must replaced one which the distributed weight taken into 
consideration. 

Mr. Paaswell refers the actions long, medium-long, short 
columns examples astatic, heterostatic, and orthostatic actions, 
respectively. These illustrations are well chosen insofar Euler’s theory 
verified experimentally; for example, with hinge-ended steel columns 


which the value greater than about 150; and insofar the inevi- 


table eccentric action the medium length column may interpreted, 
according Articles and the special cases hetero- 


static action; and insofar the short column with less than about 50, 


does not buckle until the elastic limit has been exceeded. 

Mr. Paaswell discusses two-legged bent supporting weight, the 
center the girder. buckling this bent its own plane would 
classified the writer action produced heterostatic load; 
for the load may resolved into orthostatic and astatic components, 


Alois Schneider, Theorie der Zeitschrift des Oesterr. Ing.- und 
Arch. Vereines, Vol. (1901), pp. 633-638, 649-653, particular, 638 


Proceedings, Am. E., November, 1921, pp. 508, 510. 
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follows: The orthostatic component which, acting alone, produces bending 
stresses columns and girder proportional consists the load, 


the center the girder and two upward forces, the ends the girder, 


and the astatic component which, acting alone, produces neutral equilibrium 
with indefinite deflections columns and girder critical value 


V 
consists two downward forces, the ends the girder. The combined 


effects the two components the load may computed Formula (75) 
Formula (102).* Unless the columns are slender, the critical values, Q,, 
are likely large compared with the actual value, that the 


terms containing the factors, may omitted Formulas and 
n 


(102), and the action may considered being orthostatic. buckling 
the bent out its plane under the influence would example the 
mixed action described Article the the buckling 
the bent its own plane still remains possible; not, the buckling out the 
plane becomes pure astatic action, and the center the 
girder becomes astatic load. 

The case analyzed Mr. the vertical cylinder supporting 
vertical load and resisting inside pressure, doubtless, interest and 
importance. The vertical load astatic load, because critical value 
produces astatic equilibrium with indefinitely increasing deflections. The 
writer would classify also the internal pressure astatic load; for 
critical negative value this pressure, that is, certain outside pressure, 
pure buckling produced. The combined vertical load and inside pressure, 
then, astatic load. The case analogous that simply supported 
rectangular slab buckling under the influence tension the direction 
one pair sides and compression the direction the other pair sides; 
the diagrams Fig. Article the paper,§ show that the presence 
tension one direction produces increase the value the critical pres- 
sure the other direction. 

Mr. Godfrey|| mentions the term, “stable neutral equilibrium”, which was 
used the writer. The term, perhaps, calls for some explanation. reference 
equilibrium analogous that the column will serve this purpose. Con- 
sider spherical ball resting horizontal table: The ball neutral 
astatie equilibrium because each position into which may pass rolling 
stable insofar there tendency for the ball leave the table. 
Imagine horizontal edge placed above the table. The ball may balanced 
this edge; and guided pair vertical boards both sides 
the edge, parallel the edge, and barely touching the ball, the equilibrium 
Am. Soc. November, 1921, pp. 

Ibid, 506. 

Proceedings, Am. Soc. E., February, 1922, 373. 


Proceedings, Am. Soc. November, 1921, 479. 
Proceedings, Am. Soc. E., February, 1922, 379. 
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obtained, again, neutral, because maintained throughout continuous 
range positions, and stable, because the ball will not tend leave the 
edge. the vertical boards are removed, the equilibrium still neutral, 
existing throughout the same range positions, but unstable, for the 
least tilting would make the ball fall the table; ultimately, then, the 
ball. would revert the original state neutral equilibrium the table. 

Consider slender hinged-ended column: the ends are forced 
approach each other small definite distance, the column will buckle into 
sine-curve with one half-wave; small change this distance, the maxi- 
mum deflection will change, but the elastic curve remains sine-curve with 
one half-wave, and the required end load remains the same, equal Euler’s 
value; the equilibrium neutral and stable, and analogous the equi- 
librium the ball the table. Let the column simply supported the 
will buckle, then, into sine-curve with two half-waves; the neutral 
equilibrium obtained analogous that the ball the edge between the 
two boards; the reactions the central support are the same nature the 
reactions the boards the ball. the central support removed, the 
column will still neutral equilibrium the same range positions; but 
small transverse force will disturb this equilibrium, which, therefore, 
unstable, like the equilibrium the ball the edge when the boards have 
been removed. the ends the column are kept constant distance, 
the elastic curve will revert the original sine-curve with one-half wave; this 
reversion the stable type analogous the fall the ball from the edge 
the table. The set neutral equilibria the higher astatic loads, may 
represented the analogy set horizontal edges, one above the other. 

Concerning the matter mentioned Mr. Godfrey, the stability 
thin circular cylinder ring subjected outside pressure, reference made 
Part Mr. Halmos’ discussion* and the papers listed Section 
the particularly Goupil’s analysis. this connection, 
article Hencky,t which appeared recently, may mentioned; deals with 
the stability circular ring against warping. 

Concerning the coefficients moments slabs mentioned Mr. God- 
frey, reference made recent paper “Moments and Stresses Slabs”, 
Slater, Am. Soc. E., and the The coefficient, 
0.077, refers not slab, but double system crossing-beams, was 
discussed the end Article (Formulas (158) and (159)) the 

The writer agrees with Mr. Godfrey concerning the importance know- 
ing the factor safety and understanding its significance under the various 
conditions. emphasized previously, the ultimate load, and, through it, the 
factor safety, are dependent, the case medium slender and heavy struc- 
tures, the conditions after the proportional limit the material has been 
exceeded. Further investigations, following the course indicated Karman 
and Southwell, are needed this field. 

Proceedings, Am. Soc. E., February, 1922, 378. 
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ested papers which deal with the pollution New York Harbor, for 
only through the discussion this greatest all practical sewage problems 
that engineers can come understand the conditions which exist, and form 
opinion the character the works which are required dispose 
properly the sewage the Metropolitan District. For subject such 
great importance New York and, fact, the whole country, there 
singular lack understanding the question, and this applies the gen- 
eral public and the Engineering Profession alike. 

obstacle the proper grasp the elements the problem lies 
the tendency regard the harbor somewhat laboratory vessel tank 
concerning which easy and safe make general observations. 
matter fact, the sanitary protection the waterways the Metropolitan 
District probably offers the most diverse and complicated series engineering, 
and biological problems that has ever been presented. After 
experience eleven years official connection with these problems, the 
writer has come look dogmatic, unqualified, and sweeping assertions 
concerning them with considerable impatience. 

The author seems not one who willing confine himself the 
quick and easy method argument, but has taken data from the reports 
the Metropolitan Sewerage Commission and, with information his own 
collecting, has sought advance the existing knowledge the subject 
the sources oxygen, which can utilized finally dis- 
posing the sewage. The fact that the writer cannot fully agree with him 
his conclusions, does not destroy his sense the value the paper. 


Discussion the paper Richard Gould, Assoc. Am. Soc. 
from April, 1922, Proceedings. 
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That large quantities oxygen are absorbed from the atmosphere has 
long been recognized, but one has gone far the author attributing 
such generous share the renewal this source. “the dissolved oxygen 
the waters will depleted until the rate absorption from the air equals 
the rate oxygen demand the fermenting organic matter”, the question 
naturally arises, how that the oxygen content throughout the harbor 
falling lower and lower, until, some the main divisions, has recently 
been reported absent 

spite its many excellences, the paper contains ambiguities and in- 
consistencies statement which leave some the author’s views obscure. 
these defects were remedied, quite possible that the writer would see 
reason differ with him. 


Ese. (by can little criticism the 
conclusion drawn Mr. Gould regard surface absorption oxygen, 
although the writer believes that the clean tidal water saturated with oxygen, 
nearly so, coming into polluted harbors is, perhaps, greater importance 
than Mr. Gould’s figures seem show. There tremendous absorption 
oxygen water when exposed the air, and especially when 
wind. the report the Massachusetts State Board Health 
for 1891, the greater absorption oxygen water and its absorption 
greater depth due wind action was discussed the late Dr. Thomas 
Drown, article entitled “Amount Dissolved Oxygen Contained 
Waters Ponds and Reservoirs Different Depths.” 

Work this subject has been done the writer from time time, and 
discussion regard the absorption oxygen and the purification 
sewage due such absorption, was given his report the Charles River 
Dam Committee 1902, together with various experiments show the puri- 
fication polluted water oxygen absorption. Certain these experiments 
with fresh water (90% saturated with oxygen), which was added, dif- 
ferent bottles and 10% strong sewage, showed the exhaustion 
oxygen and the development odors under closed conditions, whereas with 
surface exposure, the absorption oxygen replace that used purifica- 
tion, was very marked. this report, after calling attention the changes 
occurring after the Charles River Tidal Estuary would turned into 
fresh-water basin, preventing the entrance sea water saturated, nearly 
so, with oxygen, and calling attention the volume sewage that would 
enter daily, the following statement was made: 

this last connection, must understood that under any condi- 
tion which can exist the basin the surface water will continually chang- 
ing. The basin lies that exposed the unrestricted sweep the 
prevailing summer wind and even times light breeze the change will 
quite rapid and hence each day there chance for much oxygen 
taken the water the basin this way.” 

Mr. has stated that Dr. Adeney found that ten days were 
required saturate with oxygen sheet water with temperature 15° 

Chf. Chemist, Massachusetts Dept. Public Health, Boston, Mass, 
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cent., ft. depth, and deprived all gases. experiments 
made the writer 1912, and described the report the State Board 
Health for that year, was shown that quiet water body only in. 
depth required seven days increase from 0.38 parts per 100000 dissolved 
oxygen 0.94 parts per 100000, saturation the temperature the 
experiment. The increase was the rate 0.08 parts per day. When, 
however, this shallow vessel contained small fish, amount oxygen equal 
0.26 parts per day was absorbed, the amount consumed the fish daily, 
had been previously proved. This experiment covered period thirty- 
four days. this case, undoubtedly the surface the water was more 
less ruffled the movements this fish. Recent experiments the writer 
have also seemed show that, Adeney has stated, dissolved oxygen streams 
from the top the bottom liquid. prove this, glass cylinder, in. 
diameter and ft. deep, was filled with water polluted such extent that 
dissolved oxygen failed present. Methylene blue added this water 
was decolorized first, owing the absence oxgyen, but oxygen was 
absorbed, streams the blue dye were shown throughout the depth the 
water, thus indicating the penetration the oxygen from the surface down- 
ward. This experiment was with absolutely quiet surface. 
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TENTATIVE SPECIFICATIONS FOR 
STEEL RAILWAY BRIDGES 


SUBMITTED PROGRESS REPORT THE SPECIAL COMMITTEE 
SPECIFICATIONS FOR BRIDGE DESIGN AND CONSTRUCTION 


Discussion* 


neering Standards Association, whieh the writer member, is, present, 
drafting specification similar the Tentative Specification presented the 
Committee. the first place, this Sub-Committee prepared specification 
covering “Materials and Workmanship”, and then divided into panels deal 
with: (a) Loads; (b) Stress Units; and (c) Details Design and Construc- 
tion. The writer was placed the panel dealing with “Details Design and 
Construction”. 

The writer does not propose offer any observations that part the 
Tentative Specification which deals with these subjects, but will confine his 
comments the questions material, workmanship, and the details 
Design and Construction. The arrangement Sections and Articles appears 
generally satisfactory, but perhaps even better sequence would 
obtained “Section 9.—Materials” followed immediately after “Section 
and “Section and Shipping”, followed “Section and 
Shop Inspection.” 

Article this Article the “nominal diameter” rivet referred 
to. Great Britain, there difference opinion, particularly between 
bridge builders and shipbuilders, the exact point the tapered shank 
where the diameter should measured. might well, therefore, 
define clearly what the “nominal diameter”. 


Continued from April, 1922, Proceedings. 
Deputy Chf. Engr. for Design, Crown Agts. for the Colonies, London, England. 
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Article 308.—It stipulated this Article that “connections shall have 
strength least equal that the members connected, regardless the 
computed strength”. This appears require some qualification the case 
members which are compression where the strength the member will 


depend the value the ratio, whereas the strength the connections 


will independent this ratio. 

Article 309.—Limiting Thickness Metal—Some differentiation might 
made perhaps between plates, which are accessible for painting one 
side and those which are accessible for painting both sides. 

Article Rivets—The maximum pitch proposed appears 
too great insure that corrosion will take place between the parts con- 
nected. 

Article gross area the splice material proposed, 
namely, 50% the gross area the smaller member, does not appear the 
writer sufficient. Articles 308 and 324 appear inconsistent some 
extent. 

Articles 610 and 611.—Stiffeners—These Articles not permit the use 
T-beams which make suitable and economical form stiffener for small 
spans. 

Article 703—Camber.—The writer inclined think that better 
practice make the camber equal the deflection produced both dead and 
live load. If, then, one-half the camber due live load taken out notch- 
ing the sleepers, the level the rails the span center will lower than 
that the support amount equal one-half the deflection due live 
load when the bridge loaded and will higher similar amount when 
the bridge not loaded. 

Articles 1004 limits thickness for punching 
appear the high side for first-class workmanship. 

Article large clearance allowed between ends 
web-plates, namely, in., does not appear quite consistent with first- 
class workmanship. 

reference made the Specification the supply service bolts 
which should provided the bridge fabricator whether not his contract 
includes erection site. 

The writer should like add that the foregoing comments are not advanced 
spirit criticism. The Committee has submitted valuable specification 
and with considerable diffidence that the writer has ventured draw atten- 
tion few small matters detail which appear differ from what would 
considered first-class practice Great Britain. 
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SOME NOTES THE LOCATION AND CONSTRUCTION 
LOCKS AND MOVABLE DAMS THE OHIO 
RIVER, WITH PARTICULAR REFERENCE 
OHIO RIVER DAM NO. 


Discussion* 


discussed greater less extent all the engineering features that pertain 
the construction locks and dams the Ohio River, and particularly 
Dam No. 18. This discussion, therefore, will confined elaboration 
few subjects which have been interest the writer studying locations 
and preparing designs and estimates for considerable number locks and 
dams and which are covered rather briefly the author. These subjects are: 
(a) Foundations; (b) weirs; and (c) lock-gates. 

the first thirty-one dams, has generally been 
practicable build rock foundation, but below Dam No. 31, such founda- 
tions are exceptional. Where rock not available, dams are supported 
wooden piles, generally ft. long, and the present practice place row 
interlocking steel sheet-piles, ft. long, under the up-stream edge the 
foundation. For the earlier dams, these sheet-piles are wood, ft. long, 
and tongue-and-groove construction. When built piles, the foundations 
are protected below the dam rock-filled timber crib and apron heavy 
rip-rap. 

Although might appear that for these low lifts, not exceeding ft., the 
importance rock foundation not significant, this not true account 
the scour below the weir, which extensive that the stability dams 
built pile foundations endangered some extent, thus making neces- 
sary take soundings periodically and place additional rip-rap from time 


Discussion the paper William Hall, Am. Soc. E., continued from April, 
1922, Proceedings. 
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time. This especially true the lower stretch the river, where the 
underlying material sand contains large percentage sand. Where 
rock foundations have been found, the rock has generally been such 
elevation that the dams were constructed economically excavating inside 
open box coffer-dam, such was used for Dam No. 18, and placing the 
concrete foundations cleared rock surface. Such construction has been 
carried various depths maximum about ft. below low water. 
rock depth ft. more below low water, pile foundation will 
cost less than one rock. The advantages building rock, however, war- 
rant some additional cost. has not usually been necessary give this 
matter careful consideration, because where the depth rock was not less 
than ft., was much excess this that the cost building 
was readily seen excessive. the case Dam No. 32, which now 
being designed, the depth rock about ft. below low water, and plans 
for building this dam rock are being considered. proposed utilize 
box coffer-dam the usual type and inside this coffer-dam sink open 
concrete caissons from the river bed rock, distance about ft. These 
open caissons, which are comparatively small units, will then pumped out 
one time and filled with concrete. estimated that this construction 
will cost little more than pile foundation. Dam No. 23, where the under- 
lying rock was about ft. below low water, the Dravo Contracting Company 
constructed the dam (840 ft. long from the lock the bear-trap) inside 
coffer-dams about ft. wide and 160 ft. long, the walls being single row 
Lackawanna steel piling braced across the 45-ft. width. This work was 
accomplished speedily and economically. 

Ohio River dams constructed sand and gravel, with cut-off wall 
40-ft. interlocking steel piles, have length “creep” equal about ten times 
the maximum head, and where 25-ft. wooden piles are used, about eight 
times the maximum head. Experience has shown that practice the wooden 
sheet-piles, even though carefully driven, are not sufficiently tight form 
effective cut-off. Their use has been limited the upper part the river 
where foundations consist rather coarse gravel and sand, and they are not 
regarded adequate for the more sandy foundations the lower river. 
evidence “boils” under any dams that are service has appeared, and 
believed that these dams have adequate protection from this danger, unless 
they are undermined scouring action below the weirs, which action must 
carefully guarded against proper construction and periodical inspection. 

(b).—Weirs.—The weirs for Dam No. and the earlier Ohio River dams 
were designed pass flow equal the open-river flow stage from 
ft. The apparent advantage having large weir capacity that 
lessens the extent maneuvering the wickets the navigable pass, but 
this advantage only case the weir can maneuvered with greater 
ease speed than the navigable pass. However, practice, 
more suitable means raising the wickets the weir has developed than the 
maneuver boat. Discharges equal 12-ft. stage are passed through the 
weir and part the lowered dam, since the dams are partly raised stages 
greater than ft. and are not entirely lowered when the capacity the weir 
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reached, unless evident that the approaching rise will high enough 
submerge the pass wickets the tops which are generally about ft. 
above low water. practice, part the navigable pass, therefore, used 
weir and the capacity the weir including the lowered part the 
navigable pass equal open-river stage about ft. stated the 
author, the operation the Chanoine weir from the service bridge has gen- 
erally been discontinued, and account their inaccessibility the maneuver 
boat which operates the movable dam, these weirs are not used. Many the 
dams now operation have, therefore, usable weir two 91-ft. bear-traps 
only. Dam No. 29, for example, the capacity the bear-traps about equal 
open-river stage. This dam maneuvered successfully pass 
any stage ft., lowering part the navigable pass. neces- 
sary, course, raise the pass wickets against greater heads than would 
prevail the Chanoine weir was use, and rather difficult raise the 
last wickets the pass. view the foregoing, not regarded nec- 
essary provide, addition the navigable pass, weir capacity sufficient 
discharge 9-ft. open-river flow and the cost the dam decreased 
decreasing the length the weir, this factor should given proper weight 
the design weirs. 

The bear-trap generally recognized those who have had experience 
the Ohio River, the most satisfactory regulating weir that has been de- 
vised for this stream, reason the fact that may operated with 
greater ease, greater safety, greater speed, and more certainty than any other 
type. However, determining the extent its use, consideration must 
given its first cost, which high comparison with that wicket weirs. 
Two 91-ft. bear-traps with their piers occupy 220 lin. ft. dam and will 
cost more than double the same length wicket wéir. The cost per foot 
weir Chanoine Bebout wickets considerably more than that 
fixed dam, and where part this weir may replaced fixed dam, 
using some the navigable pass regulating weir, saving cost will 
effected. Economic considerations, therefore, should limit the weir lengths 
those required the following conditions: 

(1) There must sufficient area movable dam and weir that, when 
they are lowered, the velocity the contracted channel will not interfere 
with navigation. 

(2) The weir area must sufficient that the pass wickets need not 
maneuvered against head greater than ft. 


the recent designs for Dams Nos. 34, 36, and 38, the weirs have been 
given considerable attention, and the completed plans have some features which 
differ from Dam No. 18, any other Ohio River dams. these designs, 
two 91-ft. bear-traps, with the sill ft. below the upper pool, are provided 
and also weir, 100 ft. long, Chanoine wickets, with the sill ft. below 
the upper pool. The Chanoine weir provided with tripping bar for low- 
ering and this weir placed between the bear-trap and the navigable pass 
that may maneuvered the boat which maneuvers the navigable pass, 
the weir wickets will raised the maneuver boat. The tripping device 
similar that which has been successful operation weirs the Big 
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Sandy River and the mechanism for operating the tripping bar the bear- 
trap pier. 

The weirs for these dams, exclusive the navigable pass, will discharge 
quantity about equal 8-ft. open-river stage when pools are normal 
height above the dams. The height the upper pool above low water 
follows: Dam No. 34, ft.; Dam No. 36, 13.7 ft.; and Dam No. 38, 11.6 ft. 
the discharge through the weirs will raise the water below 8-ft. 
stage, the maximum heads the pass wickets, when the weirs are open and 
the upper pools normal, will follows, without allowance for leakage 
between the pass wickets: Dam No. 34, ft.; Dam No. 36, 5.7 ft.; and Dam 
No. 38, 3.6 ft. The leakage between the pass wickets will further reduce this 
head, will also the raising the dams below. Furthermore, the raising 
the pass wickets usually completed before the upper pool has filled, 
although this does not apply when raising only part the dam that has 
been lowered pass discharge slightly greater than the weir can pass. 
view these considerations, appears that the pass wickets, which are 
used for pool regulation these dams, will generally maneuvered against 
heads less than ft. and that weir capacity equal 8-ft. open-river 
discharge ample for these dams. The space between the bear-trap and 
the abutment closed, fixed concrete dam having minimum length 
252 ft. Dam No. 36. This places the weirs far enough from the bank that 
appreciable scouring the bank anticipated. account the severe 
scouring action that occurs below the bear-traps, they should placed some 
distance from the river bank the width the river the dam permits it. 

lock-gates Dam No. and all other Ohio 
River locks constructed prior 1916, are the rolling type. These gates 
move from recesses back the land wall across the lock chamber, closing the 
ends the locks and forming water-tight bulkhead. The gate the upper 
end the lock 17.4 ft. high and that the lower end ft. high, some- 
what less, depending the lift. Each gate mounted ten pairs stand- 
ard car wheels which roll steel track. 

This type gate, although somewhat unusual, was selected account 
the limited height the gates and the great width the lock, which are far 
from ideal conditions for the more usual type mitering gates. The rolling 
gates, although they have occasioned some minor difficulty from broken 
wheels and tracks, general, have operated satisfactorily the upper river. 
the lower river, however, where deposits mud and sand are extensive 
during high water, the recesses, unless closely sealed, become filled with 
deposits that the cleaning them involves considerable expense well 
possible interruption navigation before the lock can placed operation. 
view the difficulty and uncertainty sealing the recesses, the rolling 
gates were not regarded satisfactory for the lower river and, 1914, the 
Ohio River Board Engineer Officers adopted design for mitering gates. 
previously stated, the great width the lock and the limited height 
the gates are conditions which are not favorable for mitering gates, but 
the use vertically framed gates, well braced, and with strong bearings and 
anchorages, satisfactory design has been effected. These gates have been 
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installed ten locks and, except for few minor defects details, which 
were readily corrected, have operated satisfactorily, and have been found 
readily adjustable for any wear, deflection, warping that has occurred. The 
recesses for the rolling gates are readily coffered means timber bulk- 
head and pumped out when repairs painting necessary, whereas for the 
mitering gates, either necessary install considerable coffer-dam and 
pump out the lock lift the gates out derrick boats. appears that, 
the case the mitering gates, the latter method and the carrying spare 
gates will become necessary navigation becomes extensive that cannot 
interrupted except for short periods. 

Considerable study has been given the comparison first cost Ohio 
River locks with rolling mitering gates, and has been found that, 
general, neither has any marked advantage this respect when operating 
machinery and power plant are considered. the lock located steep 
rocky bank, the rolling gates are disadvantage either necessary 
make costly excavation for the recesses move the lock out from the 
bank and this the cost account the filling and paving required 
back the land wall. Except for special cases, the first cost not con- 
sideration and the advantages operation, making repairs, replacements, 
although somewhat balanced for present conditions, would favor miter- 
ing gates, navigation becomes extensive contemplated and hoped for 
when the improvement the river completed. 


design dams the Ohio River, the vicinity Cincinnati, Ohio, con- 
siderable discussion has arisen several points which great emphasis 
(at least print) has heretofore been placed. Some these points will 
enumerated the writer this discussion. The dams have generally been 
provided with two bear-trap weirs, pier separating the first trap (counting 
from the lock) from the navigation pass. The pass, which closed 
Chanoine wickets, usually 700 ft. wide, and each bear-trap ft. wide. 
Following the bear-traps, there has been provided, number dams, 
weir Chanoine wickets with sill considerably higher than that the 
pass. recent discussions, has been suggested that the Chanoine weir 
placed next the pass and that there pier mark the change sill 
elevation. has also been proposed lower the weir wickets with tripping 
bar similar the method used Big Sandy River, and the twenty-seven 
dams the Belgian Meuse, the maneuver boat used only for raising 
this section the dam, but used both raising and lowering the pass 
wickets, present. 

The writer would recommend for dams this part the Ohio River, 
the following arrangement: Chanoine wicket pass, 700 ft. long; pier, ft. 
wide; two bear-traps, each ft. wide; pier, ft. wide between traps; and 
fixed weir, 181 ft. long, sufficient reach the shore abutment. 

case greater weir capacity desirable, necessary, would recom- 
mend that Chanoine wicket weir with tripping bar placed next the 
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pass, with the pier between and the pass, the length the fixed weir being 
reduced accordingly. Although does not consider pier the end the 
pass absolute necessity, case Chanoine weir with sill considerably 
higher than that pass put in, still desirable arrangement, and 
believed that there practical unanimity among navigators and river men 
general that such guide for their movement dams should provided. 
The currents are uncertain the dams and tow liable carried 
against the weir and wrecked. The use buoy especially constructed 
wicket for defining the point change elevation the sill, believed, 
would unsatisfactory; fact, not believed that buoy could main- 
tained periods drift and ice. 

believed that with sill about ft. higher than that the pass, 
little, any, trouble from gravel interfering with the tripping bar, would 
experienced. However, its mechanism and the bar itself should designed 
with sufficient strength and power crush such obstruction the movement 
the bar might interfere therewith. The fact that the time the bar 
use, the water surging great velocity through the spaces made 
the falling wickets would insure, thought, the cleaning the deposit 
from around it. 

From experience one dam the upper river, which has bear-trap, 
and from similar experience dams having only one bear-trap, reported 
the engineer charge, would seem unwise build new dam with only 
one trap. The regulation pool levels where navigation exists most 
important feature the Ohio River system, and has been proven that 
other device thus far tried proposed will equal the bear-trap regulator. 
With it, regulation certain, operation easy and speedy, action reliable, and 
its work generally satisfactory; its upkeep not expensive, and will be- 
come less its working becomes better understood the engineers 
charge. 

After much study the writer has come the conclusion that would 
serious mistake substitute any kind weir heretofore proposed for the 
bear-trap. The following memoranda are submitted for consideration. 
pier between pass and bear-trap between pass and weir any 
type: 

(a).—The junction the two sills different elevations would without 
pier form obstruction navigation, which cannot seen day nor 
lighted night. 

furnishes convenient and firm mooring for the maneuver boat 
and its lines, during maneuvers, and its up-stream end with 
the up-stream face the wickets, offer impediment the move- 
ment of. the boat. 

(c).—It guide navigation; without it, the cross- cause 
tow swing over when the weir sill would have insufficient 
depth for tow. 


has always had this sort passage the. 


dam and would, believed, greatly and feel uncertain without it. 
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experience the engineers the Wheeling District indicates 
that where there are two traps, the maneuver boat was sent out for regulating 
purposes only five times season, while with one trap went out thirty- 
six times, and with trap eighty-nine times. This seems most convincing 
argument favor two bear-traps. With the large number tributaries 
coming below the dams the Wheeling District, the writer believes 
would very unwise put dam with less than two traps, especially 
the quantity drift and number quick, unannounced freshets great. 


has not yet arrived for definite decision whether the improvements 
the Ohio River and their large cost have been justified the taxpayers, 
would seem proper, this paper, survey the accomplish- 
ments date, the status water transportation the Ohio River, the cost 
the work, and the prospects for the future. 

Thirty-six the Ohio River dams are now ready for operation. The series 
complete from Nos. 26, inclusive, Dam No. being just below Point 
Pleasant, Va. (Fig. Dam No. about 80% completed and will 
ready for operation during the season 1923, making the series complete from 
29, inclusive. Below Dam No. 29, Dams Nos. 31, 33, 35, 37, 39, 41, 
43, and are operation, thus making possible fill every alternate pool 
far Dam No. 48, and greatly improving the condition over the open 
channel existed before the construction the dams. All the even num- 
bered dams intervening, include Dam No. 44, are under construction, and 
their completion may expected within reasonable time, thus furnishing 
slack-water navigation from Pittsburgh, Pa., Leavenworth, Ind., distance 


about 650 miles—the upper two-thirds the length the river. Dam 


No. the only one below Leavenworth ready for operation. 


Below Leavenworth, the river conditions become less favorable the con- 


struction locks and dams. The bottom less stable than the upper 
reaches, and feared that much trouble will had with deposits sand, 
which will make difficult the operation the dams and lock-gates. The 
abandonment the slack-water system favor open-channel regulation 
dredging and training works the lower part the river, has been con- 


sidered, but not known whether any decision has been reached. 
experience Dam No. 48, near Evansville, Ind., recently completed, 
furnish information the feasibility constructing more locks and dams 


that section the river. 


The author gives the tonnage for 1894, 1916, and 1917 


ment these figures, may said that the greatest tonnage any year was 
1900, the smallest, since 1892, was 4599000 1917, and the 


tonnage for 1920, the last year reported, was hauled 
distance 126 miles, making 184 000 000 ton-miles.: will noted that 


greatest tonnage was carried before the slack-water improvements were 


begun and that now, with these improvements more than two-thirds 
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less than was without the dams. Therefore, the question might well 
asked, would not have been better have made expenditures? This 
question and some the factors which have influenced commerce the Ohio 
River will discussed subsequently. First, however, estimate given 
the costs the work June 30th, 1921, the latest date for which published 
figures are available. 

The following figures are compiled from the report the Chief 
Engineers, Army, for the fiscal year ended June 30th, 1921: 


Total amount expended new work all projects 
June 30th, 1921, including the purchase the Louisville 
and Portland Canal, improvements Pittsburgh Harbor, 


snagging and open-channel $85 746 412 
Total amount expended maintenance, operation, and 


Total all money spent Ohio River June 30th, 1921. 


Expended for operating and care locks and dams for year 
Maintenance dredging and snagging, year 1920-21...... 291 921 


Total channel maintenance, operating, and care expense 


The figures quoted represent only cash disbursements and include 
allowance for interest depreciation, except insofar the depreciation has 
resulted expenditures for renewals. and depreciation should 
certainly considered with the operating costs incurred the Government 
and the carrier computing financial summary the operations any 
waterway. Because the resulting balance sheet compares unfavorably with 
similar statement for railroad like mileage, does not necessarily follow 
that the waterway commercial failure. Its existence might sufficiently 
beneficial adjacent industries, development territory, and increase land 
values, justify the enterprise, notwithstanding that part 
Government subsidies. 

There such variation the length service the various parts 
movable dam that computing the proper allowance for depreciation provide 
sum for replacement would difficult. Some the wicket irons, for 
instance, have lasted only years, whereas the concrete should last 100 
years more. Since sinking fund per year, invested 4%, will 
produce $100 about years, believed that allowance the 
total investment new work, added the actual expenditures for repairs and 
replacements included the annual disbursements, would 
allowance for depreciation. This equivalent the assumption that with 
yearly repairs and renewals the present rate, the structures will last for 
years and that the project should charged with sufficient sinking fund 
produce the money needed for their replacement the end that period. 
The interest the capital invested may fairly assumed the 
expenditures for new work. 
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With these assumptions, the total annual charges may estimated roughly, 
follows: 


Total capital invested date, $100,000 000 
New capital needed finish 000 000 
Total eventual cost $120 000 000 
Interest and replacement per 000 000 
Operating expenses, 1921 (thirty-five 
Operating expenses after project has 
been completed (fifty dams)...... 062 000 000 


Channel maintenance, dredging, 300 000 


Total yearly maintenance, operating and care charges, 


These figures, although approximate, are probably more accurate than any 
estimate that can made the volume traffic that will moved through 
the agency these expenditures. the benefits are computed com- 
paring the present traffic with that prior the construction the improve- 
ments, then such benefits are nil, because the traffic now less than before. 
known that such view the value the improvements not 
justified, because, will shown later, events which have relation whatever 
the river and which could hardly have been foreseen when the project was 
adopted, have resulted large decrease the river traffic; and without the 
present facilities the decrease traffic would have been much more than 
has actually been. The benefit date, therefore, not measured the 
total traffic since the improvements were installed, but the 
increase traffic over what would have been without the improvements. 

the time the Ohio River improvements now progress were planned, 
there existed large down-stream movement coal—more than 000 000 tons 
annually—from Pittsburgh, Pa., Cairo, and several million tons from 
Pittsburgh Louisville, Ky., and intermediate cities. that time, there was 
reason suppose that this traffic would not continue and, fact, increase 
considerably, channel conditions were improved. This traffic from Pitts- 
burgh lower river points, however, has almost disappeared. During 1920, 
for instance, only nineteen coal barges passed Lock No. near Wheeling, 
Va. The abrupt termination the coal traffic from Pittsburgh was not 
due the cost moving the coal water, which is, and always has been, 
less than rail. information obtained the writer, from cost 
records company engaged transporting coal water during 1921, indi- 
cates the cost the for 250-mile haul not more than mills per 
ton-mile, including the short haul rail from the mine the tipple, loading, 
towing loaded barges down stream and empties stream, overhead, interest, 
and depreciation. Railroad rates for coal during 1920 were from 7.1 14.6 
mills per ton-mile for similar distance. Therefore, the disappearance the 
commerce Pittsburgh coal not due the ability the railroads haul 
less cost than water. The general tendency for industries use coal 
procured from local sources, thus avoiding the cost long hauls, 
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recognized considering this decrease traffic. particular instance, 
having direct bearing this traffic Pittsburgh coal, the greatly increased 
need for coal the Pittsburgh District, following its large industrial growth 
recent years, especially during the World War, resulting the local use 
part, least, the surplus which former years went down the river 
barges. possible, also, that new markets, remote from the river, which 
the coal hauled rail, have been developed recent years. 

difficult estimate how much traffic has disappeared from the river 
from the causes named, but examination detailed records tonnage prior 
1912, shows that the average commerce was 334 000 tons per year and that 
with the Pittsburgh coal traffic eliminated, there remained about 500000 
tons. The commerce for 1920 was tons, increase nearly 50% 
the traffic other than Pittsburgh coal, part which increase was made 
possible the expenditure for improvements. The statistics for 1920 show 
that there was traffic 417129000 ton-miles through the locks. this 
traffic had been compelled pay tolls equalling the yearly cost maintenance, 
depreciation, and interest charges, about 1921, the tolls would 
have amounted 13.4 mills per ton-mile. Adding this the costs of, 
say, mills per ton-mile, the total cost moving the freight would have been 
about 18.4 mills per ton-mile, against the prevailing railroad rates for 
similar distance (126 miles), from 12.5 13.9 mills per ton-mile. 

Such comparison, however, not fair the waterway. One should 
stop consider that the project incomplete; that the outlet water the 
markets beyond the Ohio River better than was before the present 
project was commenced; that the railroads have built paralleling lines and 
are allowed establish lower rates meet water competition; that there 
practically co-operation between rail and water routes; that railroads charge 
more for hauling inland the freight from the river than that from other rail- 
roads; and that until these disadvantages are overcome, the capital for suitable 
floating plant, terminal, and transfer facilities cannot found, and the water 
transportation companies must labor under the disadvantage using improper 
equipment. 

Railroads provide branches and sidings connect the source 
production with the warehouse the jobber consumer, but waterways can- 
not this and thus cannot reach their full usefulness except co-operation 
with the railroads. This co-operation should include mutual arrangements 
for shipping goods rail and water combined, the acceptance both rail and 
water carriers goods for shipment over both routes through bills 
lading, equitable distribution the through freight revenue between the 
rail and water carriers, and the provision convenient terminal and transfer 
facilities and appliances for transshipment the freight. There little, 
any, such co-operation the Ohio River. its place, there are artificial 
barriers which must overcome before the river will amount anything. 

According the report the Chief Engineers for 1921 (Part page 
22), railroad rates for similar distances are from 20% lower when there 
water competition than elsewhere. The discrimination against river freight 
shown also the following example: The rate coal carloads from Charles- 
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ton, Va., Indianapolis, Ind., $2.80 per ton, via the Chesapeake and Ohio 
Railroad, Cincinnati, Ohio, thence, via the “Big Four” Indianapolis, 
which amount the “Big Four” receives $0.91 per ton for its share the haul, 
whereas coal brought from Charleston Cincinnati boat, then loaded 
cars the shipper, and turned over the “Big Four”, charged $1.15 per 
ton for the same haul from Cincinnati Indianapolis. 

Thus, the railroads discriminate against river coal and cause the water 


overcome artificial disadvantage, this instance, $0.24 per ton. 


The effect such discrimination limit the market for river freight the 
communities the river banks. 

long these artificial and discriminatory barriers exist, the gaining 
profits water carriers uncertain that the navigation interests will 
continue suffer the disadvantages due the use antiquated and improper 
equipment, because difficulty raising capital, and the shippers, being 
compelled pay the extra cost this inefficient service, will deprived 
the benefits which otherwise would obtained from the waterway. 

The Ohio River favorably situated for commerce. its upper end, 
terminates the remarkable industrial area and region mineral resources 
centering around Pittsburgh. its lower end, terminates the Missis- 
sippi River which affords dependable, all-year navigation, either the Gulf 
St. Louis, Mo., the former distributing point for export business, the latter 
gateway the Middle West. Intermediate points along the Ohio River 
are such Wheeling, producing coal, oil, and steel manufactures; 
Cincinnati, manufacturing city and distributing point for other important 
manufacturing towns, and Louisville, jobbing center for Kentucky, Ten- 
nessee, Alabama, and other States the South. The Ohio River fed below 
Pittsburgh the Kanawha River, now shipping more than tons 
coal per year and capable much larger production; the Muskingum River 
with its head navigation the important manufacturing city Zanesville, 
Ohio; the Green River, penetrating the center the oil and coal-producing 
section and the Cumberland and Tennessee Rivers communicat- 
ing with Nashville and Chattanooga, Tenn. Reaching these important regions 
and cities, there can little doubt that the Ohio River and its tributaries are 
situated carry large volume traffic, only the navigable depths 
are provided and artificial restrictions removed. 

instance what can done with water transportation inland rivers, 
seen the operations the Mississippi-Warrior Service. This service has 
arrangements with the railroads, whereby through shipments, part rail and 
part water, can made through bills lading. has modern boats and 


barges and constructing efficient terminal and transfer facilities. After 


operating more than two years began earn profits its 
Mississippi business, the tonnage increased during the last three months 
the fiseal year ending June 30th, 1921. this period and the 
following, although the fleets operated only part capacity and were served 
unfinished terminals, the service profit about $98 000 after meeting 
all operating expenses and depreciation charges based the high prices paid 
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for the equipment during and shortly after the war. The freight rates were 
from cents per 100 lb. lower than all-rail rates for similar distances. 

The Ohio River can made navigable less cost than the Mississippi; 
situated equally favorably for prospective business; and it, also, can made 
into profitable enterprise dependable channel provided throughout its 
length and the existing discriminations are removed. 

the author states, agency required, the duty which will 
manage the water-transportation problem other than the preparation the 
waterway, but, his statement that such agency has been created, 
believed that has overlooked the Inland and Coastwise Waterways Service, 
established Act Congress during the war, order supplement the 
greatly overloaded railroad systems. This agency now functioning, and 
through one its departments has built the important Mississippi- Warrior 
Service mentioned previously. With proper support and sufficient appropria- 
tions, this agency should position foster the growth the river- 
transportation business and promote the use waterways for which many 
millions have been spent channel improvements, but can little 
promoting Ohio River commerce until the lower reaches have been made 
navigable afford connection with the Mississippi River. 


Duis,* Am. Soc. (by some years, the 
writer has been connected with the construction and operation Ohio River 
locks and dams the Engineer District, Wheeling, Va., and, since 
1915, Lock and Dam No. which the author’s paper especially relates, has 
been included the works under his charge. This discussion largely 
information gained through experience maintaining and operating these 
works. 

Attention invited some apparent errors the last paragraph the 
historical data under the heading, The locks and dams 
Dam No. are stated have been constructed, but Dams Nos. 25, 27, 30, 32, 
34, 36, 38, and 39, the probable time the preparation the paper, were 
not completed, although Dams Nos. and were nearly and will ready 
for operation the commencement the low-water season 1922. Dams, 
Nos. 41, 48, 44, 45, and are stated have been placed under construction, 
but Dams Nos. 41, 43, and were completed and placed operation 1921, 
Dam No. 48, late the year. the end 1921, there were thirty-four Ohio 
River locks and dams operation. 

Table gives the commerce carried the Ohio River during 1894, 1916, 
and 1917. With the statement following this table, those figures indicate 
(although perhaps not intended) gradual decline the commerce the 
stream, spite the large expenditure for the construction locks and dams. 
facts are that the decrease the commerce did not commence 1894, 
nor has continued date. Reference the reports the Chief Engi- 
neers, Army, will show that from 1894 1905 there was average, 
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although not regular, increase, the commerce 1905 amounting more 
than 13000000 tons, which about tons were coal from Pitts- 
burgh lower river points. From 1905, average, but not regular, decline 
the traffic continued until 1917, the coal traffic from the Pittsburgh 
territory lower river points had practically ceased, the cause which was 
way related the river. The commerce previously cited for 1905 included 
that carried ferries which, although not separately shown the published 
report for that year, amounted about tons, estimated from the 
amount such traffic shown later years when was reported separately. 
The commerce given the author for 1917 does not include the ferry traffic, 
proper comparison with previous years when was included requires that 
this class traffic omitted. Allowing for the 000 tons coal carried 
1905, which traffic had ceased 1917 for causes entirely foreign the 
river, and also making allowance for the 000 000 tons estimated have been 
carried ferries 1905 and not included the author’s figures for 1917, 
the actual decline the commerce from 1905 1917, for which the cause 
may attributed the river, was approximately from 300000 600 000 
tons. Such were the conditions 1917, but they did not continue and, 
the writer’s opinion, the author has erred not showing the commerce for the 
subsequent years available from published reports, the year 1917 was the 
turning point the amount commerce the Ohio River and later data 
give different aspect the situation. 

the published reports available, the commerce for the three years since 
1917 given follows: 1918, tons; 1919, 400 377 tons; and 1920, 
382 463 tons. This shows increase nearly 100% from 1917 1920. 
The decrease 1919 compared with 1918 was due the temporary depression 
the industrial activities during the early part that year. The large 
increase 1920 was influenced the opposite direction the industrial 
situation but the amount commerce carried 1920 could not have been 
possible without the slack-water navigation then available. The question may 
asked, why did the turning point the amount commerce occur about 
1917, when the improvements had been under way for many years and con- 
siderable number the locks and dams had been operation for some time? 
The answer that not until about 1917 had the improvements progressed far 
enough make them practical benefit navigation. 1917, continuous 
slack-water navigation was made available from Pittsburgh Dam No. 20, 
down stream 200 miles, and additional locks and dams providing intermittent 
pools were operation from Dam No. Cincinnati. This practically 
insured continuous navigable stage for craft lighter draft, such packet- 
boats, between Pittsburgh and Cincinnati. Craft requiring greater depth 
water than packet-boats could also operate over this section the river with 
only infrequent suspensions account the river stages. is, therefore, not 
coincidence that, after 1917, the packet business which had almost dis- 
appeared from the upper part the river, began revive, the result 
the improvements. The foregoing data are contradiction the author’s 
statement, the paragraph commerce, that thinks the building locks 
and dams not rapidly increasing the tonnage and that under present methods 
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operation company passengers and freight less than barge 
loads has built trade and held fair and profitable rate. The carrying 
freight less than barge loads has revived considerable extent and, 
the best the writer’s knowledge, profitable rate. had not, the 
parties engaged this business would not gradually expanding their 
facilities, they have been doing, even through the recent period the most 
severe industrial depression that has been experienced the upper Ohio 
Valley for many years. 

gradual increase barge traffic, also, may expected industrial 
conditions improve, fact, except for coal, has been increasing spite 
the recent unfavorable conditions. One company, recently organized, has 
engaged general towing barge-load lots, considerable its business con- 
sisting the transferring steel products from the Upper Ohio Mississippi 
River points. The traffic manager this concern recently informed the 
writer that inquiries for the services the company were far more than its 
capacity handle with its available plant, consisting three towboats and 
considerable number barges. One steel company, the Pittsburgh District, 
has also commenced transporting some its products down the Ohio River 
with its own fleet. 

The Ohio River Dam, selected the author for description his paper, 
was finished 1910, and was the seventh completed, the thirty-four 
that are now ready operate. There are number items its design and 
arrangements that have been found unsatisfactory and are now obsolete, and 
the later dams have number improvements devised since Dam No. was 
built. seems proper refer these changes and show the reasons for 
them, order that the latest practice the design such structures will 
record. 

movable dam one the purpose which pass high waters without 
appreciable increase stage over natural stages, allow open-river naviga- 
tion when the open river has sufficient depth, and increase the depth 
navigable stage during periods low flow. answer these purposes the 
Ohio River dams have been provided with three principal elements: (1) the 
lock; (2) the navigable pass; and (3) the regulating weir. 

Probably the most complicated the operations movable dam are 
those connected with the regulation the pools. The regulating weir 
designed pass water not needed for locking during periods surplus, 
such way maintain navigable depth the pool above the 
discharge capacity must made variable means movable parts 
correspond with the varying flow the river. There are many conditions 
meet, their relative importance not seen the same all designers and 
the appliances have not always worked the manner the designers thought 
they would. these reasons, there has been continual change the 
design and layout the regulating weirs since the Ohio River improvements 
began and, even now, the opinions the designing engineers have not crystal- 
lized into definite standard arrangement for this important element 
movable dam.. 
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The author’s Fig. shows view the completed Dam 
No. 18. The navigable pass of-the same design that which has been 
use the Ohio for many years, and further mention necessary, 
except with reference the statement made the author that the pine 
timber used the construction the wickets this dam the best wood 
for the purpose. observed from service, oak much superior pine 
resistance decay and physical injury that the latter wood not being 
used the present time for such purpose. the best the writer’s 
edge the wickets Dam No. were the first the Ohio River con- 
structed pine timber, and few years later, pine was used Dams Nos. 
and 26, but all the other dams constructed before and since, this river, 
oak timber has been used for that purpose, and has demonstrated its superiority. 

Considerable difficulty being regulating the discharge 
through Dam No. 18, account the inadequate capacity the two small 
bear-traps and unsatisfactory operation the Chanoine wicket weir. The 
total discharge area the two bear-traps 1350 sq. ft., whereas all the 
dams, except one, 150 miles river stream, the two bear-traps provide 
total discharge area 730 sq. ft., more than double that Dam No. 18. 
The result that both the bear-traps Dam No. can pass less than one-half 
the quantity water that can passed one the two bear-traps the dams 
above, the combined capacity which about sufficient for 9-ft. stage the 
open river, the maximum stage which necessary operate the dams. 
All additional weir area necessary Dam No. must provided either 
lowering the wickets the Chanoine weir, for which was designed, but 
little used, lowering the wickets the navigable pass, which was not 
originally intended, but which now the usual practice. The amount weir 
regulation necessary this dam further increased account its loca- 
tion between the mouths two large tributary streams, the Muskingum River, 
miles above, and the Little Kanawha River, about miles below. These 
streams are subject quick rises, with consequent sudden increases the 
volumes water poured into the pools above and below Dam No. 18, making 
quick action frequently necessary provide for the sudden change river 
conditions. The small discharge area the bear-traps, therefore, makes 
frequent additional discharge area necessary for pool regulation. For this, the 
Chanoine wicket weir was designed, but unsatisfactory and inefficient 
device. Like the weirs this type used nearly all Ohio River dams until 
few years ago, has been failure and little used. The unsatisfactory 
operating results this weir are part due the elevation which the 
wickets are hinged. all other dams where such weirs have been used, the 
hinge points the wickets are sufficiently above the center resultant water 
pressure prevent the wickets going swing. Dam No. 18, however, 
described the author, the hinge points were located let the wickets 
swing automatically when the pools rise, order increase the discharge 
opening necessary the dam. This feature has not been success. The 
wickets will frequently swing when not necessary for pool regulation, 
prevent which necessary chain them the service The idea 
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automatic swinging Chanoine wickets for pool regulation cannot 
successfully applied Ohio River dams. The rotation wickets their 
hinges influenced both the upper and lower pools, whereas, should 
dependent only the stage the upper pool. there uniformity 
the differences elevation between the pools varying stages, impossible 
locate the hinge points the wicket that they will trip prede- 
termined stage upper pool. 

Another factor making impracticable use this method pool regula- 
tion that when the wickets are swing, the steel frames and bars, known, 
respectively, the horses and props, which the wickets are supported, hold 
much drift above them that not only the discharge capacity considerably 
reduced, but practically impossible release the drift and right the 
wickets close the opening, without lowering the whole dam reduce the 
head, and, then, only with expenditure much time and labor. Therefore, 
when such wickets are operated, they must completely lowered, but this 
difficult and slow, particularly with the special winch provided. This winch, 
although designed for the purpose, another feature contributing the 
impractibility operating the wicket weir. stated the author, too much 
time and labor are required. The winch driven gasoline engine and 
neither suitable type nor has sufficient power. Even steam engine 
sufficient power was used, the wickets could not handled satisfactorily with 
it, the heads necessary. The most difficult part such operation 
the righting the wickets after they have gone swing, the nature 
which operation shown the author’s Fig. 10.* The difficulty this 
operation cannot appreciated any one unfamiliar with it. Operation 
the weir with the maneuver boat practical impossibility, because one 
bear-trap between the weir and the lock side the river, thus making 
necessary take the boat across the head the open bear-trap, difficult and 
dangerous operation. 

These difficulties have resulted the practical abandonment the 
Chanoine weir regulating device Dam No. and other Ohio River 
dams. Regulation that cannot done with the bear-trap, now done with 
pass wickets, with the maneuver boat. This possible for such heads exist 
after the bear-traps have been opened and the difference pool levels has been 
reduced. Chanoine weir was between the navigable pass and the first bear- 
trap, instead between the two bear-traps, the service bridge could abandoned 
and the shorter weir wickets operated with the maneuver boat. This method 
pool regulation, however, much slower and requires considerably more labor 
than regulating with bear-traps. The wickets also deteriorate rapidly under 
such hard service and make frequent repairs necessary. For these reasons, 
wicket weirs are not satisfactory and efficient substitute for the successful 
bear-trap weirs developed and standardized the Ohio River. 

The preceding remarks concerning wickets relate entirely the old 
Chanoine type. The author describes new type, the Bebout wicket. Some 
these wickets have been used within the last few years, for pool-regulating 
weirs, substitute for one the two large bear-traps that previously were 


Papers.] DISCUSSION LOCKS AND MOVABLE DAMS THE OHIO RIVER 1291 


included the standard design Ohio River dams. described the 
paper, these wickets will trip automatically, but they must raised with 
maneuver boat the same Chanoine wickets. The author cites twenty-four 
advantages the use these wickets. Several years’ experience with them 
has convinced the writer that not all the claimed advantages can realized 
practice. account their automatic tripping feature, these wickets may 
used with much benefit and success some works, especially for weirs 
dams where there not sufficient back-water effect their tripping, but 
neither these wickets, nor those the older Chanoine type, can used satis- 
factorily main regulating weir Ohio River dams. The Bebout wickets 
might used with benefit for part the navigable pass, will sub- 
sequently explained. 

The Bebout wickets are hinged near the middle, like the Chanoine type, but 
unlike the latter, they lower themselves completely when the resultant pres- 
sure above the hinge point, leaving unobstructed opening the dam, 
thus increasing the discharge capacity and avoiding the holding drift 
the ease Chanoine wickets, which not lower automatically but only 
swing. unobstructed opening the dam great ad- 
vantage, but the automatic lowering feature the Bebout wicket, just 
the automatic swinging the Chanoine wicket, although theoretically advan- 
tageous for regulating weirs practice, detriment, because the automatic 
tripping cannot controlled, previously explained connection with the 
swinging the Chanoine weir wickets Dam No. 18, and most cases 
occurs other than the theoretical tripping stages. 

All the Bebout wickets far installed, except one case, have been sub- 
stituted for bear-traps, replacing one bear-trap the two previously installed 
each dam. one dam both the bear-traps were replaced the wickets. 
This has not resulted favorably anticipated those responsible for the 
change and only recently has been abandoned and the two bear-traps have 
been re-adopted the standard design for Ohio River dams. The wickets 
trip too frequently when not necessary for pool regulation more them 
trip than are required. They must raised with the maneuver boat, the 
time for which cannot chosen, but may occur any hour day night. 
This requires considerable time and crew men that not available from 
the regular lock-operating force, except during the day shift. When such 
maneuvers must made during the remainder the twenty-four hours, 
some the employees the regular day shift must called. This 
unsatisfactory and, furthermore, the maneuvers cannot always made 
quickly enough avoid objectionable irregularities the pool stages. Also, 
the time consumed the employees such duties usually the expense 
other important activities. the Wheeling Engineer District, which 
includes the dam described the author, there are dams with two bear-traps, 
dams with one bear-trap, and one dam without any bear-trap. The force 
men employed the same for the dams with one bear-trap with two bear- 
traps, but the loss morale and increasing complaints the amount 
work those dams which have only one trap, and the frequent calls for duty 
the dam all hours the day and night, make appear that, short 


3 
20 


LOCKS AND MOVABLE DAMS THE OHIO RIVER [Papers. 


time, additional force will required. the dam where bear-trap used, 
and all regulating done with wickets, now the practice employ four 
extra men during the operating season about nine months. Therefore, 
instead the substitution the Bebout wickets for bear-trap requiring 
less number men for operating the locks and dams, claimed the author, 
the facts, shown experience, are that the labor much increased and 
that not feasible operate such dam with smaller force, but probably 
will require larger force the future. Also, the saving cost effected 
substituting wickets for bear-traps, cited the author another one the 
advantages, true only for the cost construction. The cost main- 
tenance and operation increased, the amount which not known, but 
probably least enough and perhaps more than necessary compensate 
for the saving first The result, then, gain financially and much 
less efficient and satisfactory method pool regulation. the considera- 
tions just cited, which have convinced the writer that, long series dams, 
the most satisfactory and the most economical appliance for regulating weirs 
the bear-trap, developed the Ohio River. Enough them should 
used that when more than their full capacity required, except rare cases, 
will time throw down the dam and use the open river. 

The Bebout wickets could used with benefit for part the navigable 
pass the end adjacent the first bear-trap and hinged high trip 
automatically only when the upper pool has risen such depth over the 
top the wickets, that the whole dam should put down. These conditions 
would usually occur only when the river has come stage where control 
the dam has been lost and cannot lowered the regular way the 
maneuver boat. The automatic lowering the wickets would then open 
part the dam and probably lower the upper pool sufficiently make pos- 
sible lower the remainder the dam with the maneuver boat. The wickets 
installed this way dam would afford considerable protection against 
having the dam caught stage river when the lock submerged and 
out commission and navigation cannot pass over the dam. This accident 
has number times, and any protection against worthy 
consideration. 

seems proper this discussion refer the problem operating 
long series movable dams, such that being built the Ohio River. The 
problem raise the dams falling river approaches the minimum 
open-river navigable stage such way hold the water the series 
pools with depth sufficient maintain navigation. the dams are raised too 
soon, particular harm done except that case immediate increase 
the natural flow instead the expected decrease may necessary 
lower the dam again and thus the labor unnecessary operation will have 
been incurred. If, however, the raising delayed too long, the quantity 
water the river channel may insufficient fill the pools, and may take 
several days for the natural flow the river supply the shortage. one 
more the upper dams the series: have this trouble, they put needles 
close the interstices between wickets and, sometimes, even caulk the spaces 
with weeds, ashes, ete., hasten the filling their pools. This imme- 
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diately results still further decrease flow into the pools above the dams 
the lower section the series, aggravating their trouble. Until construc- 
tion the Lower Ohio River system dams completed, there are and will 
stretches open river through which considerable navigation attempted. 
Owing the great cost dams and the expected troubles construction and 
operation, may that the original intention provide series dams all 
the way the mouth the Ohio River will abandoned, and that naviga- 
tion the lower end the river will provided open-channel regulation. 
this case, abrupt stoppage the natural flow due filling the pools 
the upper section the river will cause sudden decreases navigable depth 
the lower part, which will highly objectionable navigation. 

The ideal solution would raise all dams before the moment 
when the water contained the channel just sufficient fill the pools. The 
operation movable dam any given moment, however, practical im- 
possibility. The maneuver boat must moved its place, each wicket must 
raised separately, and accidents and delays occur. general, takes 
whole day raise dam and unless the labor charge operation 
immediately doubled trebled, impracticable keep crew available 
all hours the day and night. The river might falling the rate about 
ft. per day and the close the day’s work the stage might be, say, ft. 
above the ordinary raising stage, which event the lockmaster would expect 
raise the dam beginning the next morning. Late the afternoon, however, 
several lockmasters farther the river might have had raise their dams 
because the falling the river the closing stage. This produces “cut” 
the flow, and the lockmaster further down the river finds his stage falling 
fast that cannot get out the dam and raise time catch his pool. 
When gets his dam up, has put the needles and then the men 
farther down the river have even worse trouble. 

With dependable communication telephone and telegraph between dams, 
these troubles can and are very often avoided, but the existing communica- 
tion not infallible. Some the dams are country telephone lines having 
from one dozen parties, because other commercial service available, 
and frequently all efforts keep touch with operations the other dams 
fail. private line down the Ohio River would cost more than $500 000 
and entail annual expense for upkeep, which would hardly justified 
the present commerce. Recent inquiries have been made the pos- 
sibility using radio telephone system communication, and may 
that some such system will satisfactory. Reliable liaison between the dams 
essential feature series such that the Ohio River. 


this paper with much interest, especially the conditions fulfilled the 
design the weir and the computations thereon. 

The author’s calculations “to determine whether the weir will regulate 
the upper pool when the water 10-ft. stage” (Condition 1), the 
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the relations the zero gauge elevation weir sill and pool level 
crest dam. not essential (Condition that the weir have sufficient 
capacity pass all the discharge any special stages such 10-ft. stage, 
part the pass wickets can thrown for that purpose. believed that 
the author has taken great liberty assuming that values derived from 
observations where the “swell head” was about 0.35 ft., are applicable case 
where the “swell head” assumed 1.7 ft. seems questionable whether this 
formula should used for cases “swell head” high 1.7 ft. be- 
lieved that submerged weir formula more applicable the case. Using 
Francis’ formula, with values deduced Herschel, have: 
83 

Solving, discharge 900 cu. ft. per sec., instead 700 cu. ft. 


appears more applicable Condition and its use better illustrated the 
paper referred the author.* The lack authentic experimental data 
the proper values makes the use this formula unsatisfactory. 
believed that systematic observations should made movable dams 
secure more reliable and complete data the proper values the 
under various conditions. 

For investigating Condition the author uses the formula Chanoine 


and Lagrene, namely, 


which, 
“swell head”. 
mean velocity (before construction works). 
discharge area river before construction works. 
discharge area river after construction works. 

assumed 0.25 ft. and 1.05, instead 1.5, when the “swell head” 
reduced from 0.5 0.25 ft. After substituting the other known quantities, 
the value discharge area after construction works, found 
250 sq. ft. not understood why the value assumed and the 
value calculated, the dimensions the weir and the pass have 
already been determined, least tentatively, satisfy Conditions and 
would appear preferable substitute the tentatively found area, and 
the value determine whether falls within reasonable 
limits. authority indicated for using 1.05 instead 1.5, the value 
the coefficient used Mr. Thomas the paper referred previously, for 
cases where the lock-gates are open. The writer has never found any justifica- 
tion for the use 1.5 for the value the formula, when applied 
lock large river, for case when the lock-gates are open for any other 
condition. The writer has compared the value the “swell head”, de- 
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termined this formula, number cases large rivers with the 
actual “swell head” and has found that the value the coefficient, should 
only slightly excess unity. Probably the value 1.05 given 
the author about correct for the case question. possible that 
narrow cross-section river, the contractions due lock walls, piers, 
might sufficient justify coefficient 1.5, but certainly not wide 
river, with dam composed largely weir and pass sills. 

Having found assigned value for the author calculates the mean 
velocity for critical high stage, which assumed the top the 
lock wall, the formula: 


mean velocity after construction dam. 
“swell 


The use the two previous formulas appears furnish rather un- 
satisfactory and roundabout method determining the velocity the section. 
The values for “swell head” are rather meaningless the average individual, 
unless converted into terms velocity. Unless one familiar with the sub- 
ject, one has little idea whether value 0.5 1.0 excessive. However, 
one knows once whether velocity 5.7 8.0 ft. per sec. would ex- 
cessive. Also, the value found for “swell head” the formula does not 
represent the entire head due velocity the current the dam. find 
the total velocity head, the head due velocity approach prior 
the construction the dam must added the “swell head”. other 
words, desired compare the actual measured head due velocity 
the dam with the results from the formula for “swell the calculated 
head due velocity approach prior the construction the dam must 
added value found for “swell head”. Although the two formulas, 


the velocity after construction the works (V,), with assumed dis- 
charge area dam vice versa, the general formula, may 
used for the same purpose. 
Let 
mean velocity the dam after construction. 


discharge cubic per second, determined the 
rating curve. 


discharge area square feet proposed dam. 

discharge area before the construction the dam. 
coefficient other than must applied allow for sudden con- 


tractions, may applied the general formula, well the 
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and their value depends the completeness and reliability the observations 

made determine proper values the coefficients applied under various 

conditions. 

Some the areas the cross-section the river bed given Table 3,* 
for various stages, are apparently error. For example, the difference 
area between the 10-ft. and the 11-ft. stages given (20540 350) 
2190 sq. ft.; and between the 11-ft. and the 12-ft. stages, there difference 
only 1270 sq. ft. Again, given 600 sq. ft. for 16.4-ft. stage, 
increment only about 600 ft. for each additional foot, assuming the 
area 21810 sq. ft. for 12-ft. stage correct. 

The principal object this discussion bring out the desirability 
more complete observations actual velocities created the construc- 
tion locks and dams and other obstructions, order that reliable coefficients 
may available for the formula selected for use. 
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Harrison Am. Soc. (by admirable paper 
particular value this time, because deals with new and most 
interesting process sewage treatment, and also because describes fea- 
tures plant which, when completed, will one the largest the 
United States for the treatment sewage. the paper deals essentially 
with the details and principles design, may interest state briefly 
the reasons for adopting some the features the plant and for these 
particular designs. 

first thought, one might question the need preparatory treatment 
the sewage grit-chambers, and, particularly, fine screens. under- 
stand the reasons for such treatment, necessary have clearly 
mind the process going the aeration tanks. these tanks large 
quantity air introduced under pressure, slightly excess the hydro- 
static head the overlying. water, for the dual purpose supplying sufficient 
oxygen promote bacterial processes and mechanically agitating 
the sewage. Sufficient agitation required cause the sludge floc 
swept back and forth, that may come into intimate contact with all the 
finely divided suspended solids and colloidal matter, order that such ma- 
terials may absorbed the and the clarification thus produced may 
complete. equally important, however, that the agitation shall not 
vigorous break the fragile floc and cause return its former 
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colloidal state, and thus defeat the object the treatment. Generally speak- 
ing, also, the more moderate the agitation, the less air and power required, and 
therefore the greater the economy. 

Exhaustive experiments Milwaukee, Wis., and elsewhere have demon- 
strated that the heavy and coarse solids tend settle and remain the 
bottom the tank, notwithstanding the introduction substantial quantity 
air, and that greater quantity air required hold such solids 
suspension than would necessary they were removed and only the finer 
material was allowed enter the tanks. Unless the coarse solids can kept 
suspension, they will remain the tanks and form deposits the plates. 
Even when the Milwaukee sewage was passed through screen having open- 
ings in. less, width, was found that such deposits were formed 
when the volume air used was reduced below about cu. ft. per min., with 
plate-tank ratio 1:4.4. was decided, therefore, that economy and 
efficiency treatment required the use grit-chambers and fine screens 
preparatory aeration. 

Whether there additional economy fine account 
reduction the air requirements the sewage when devoid its coarser 
suspended solids, mooted question. That the removal suspended solids, 
carried sufficient degree, would render the sewage more easily treated, 
cannot doubted, but whether fine screens can accomplish measurable 
effect this direction, does not appear have been proven. 

The comparative efficiency treatment tanks and ft. depth, 
was made the subject careful and prolonged study the Milwaukee Test- 
ing Station. Tests carried out with the greatest care, under the personal 
direction William Copeland, Affiliate, Am. Soc. E., Chief Chemist, 
showed that, taking all the facts into consideration, appeared that, for the 
same quantity free air per gallon sewage treated, there was little dif- 
ference the work the 10-ft. and the 15-ft. tanks. The 15-ft. 
tanks have produced effluent somewhat greater stability, whereas the 
10-ft. tanks have accomplished slightly greater reduction suspended mat- 
ter and bacteria. one depth tank has advantage over the other 
purification efficiency, seems the 15-ft. depth. 

important consideration the selection depth tank the power 
required for compressing the air sufficiently the hydrostatic 
pressure the several depths sewage under consideration. the cases 
the and 15-ft. depths, the latter would require 50% more power than 
the former, disregarding the effect friction pipe lines and porous plates. 
This saving will generally offset, partly least, the increased cost 
the larger area tanks the lesser depth. Milwaukee, this important. 
because the cost the bulkhead, the sheet steel enclosure, and the pile 
foundation. Another important factor there the limited area available 
for the treatment plant, felt that additional area could not devoted 
this purpose, account the requirements for harbor development. 

Diffuser plates were early demonstrated afford more satisfactory 
tribution and diffusion air than any other method available, although 
should noted that there has been some conflicting evidence this point. 
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Comparative tests plate-tank ratios of, approximatively, and 
were conducted for period four months Milwaukee. The tests indicate 
that there slight advantage the larger proportion diffuser-plate area. 
This slight advantage was the reason for the adoption the larger ratio 
the design the plant. 

The design adopted for the sedimentation tanks has given rise more 
misgivings, the part engineers connected with the work, than any other 
feature described the author. There precedent this process for 
tanks this size, and grave doubt exists the minds some the 
applicability the experimental data tanks differing widely size. 
There does not appear serious uncertainty the operation the 
tanks sedimentation units, although the larger the surface area, the 
greater will the effect the wind causing the remain sus- 
pension and pass out the effluent. The behaviour the sludge accumula- 
tion, however, different matter. The success the tanks, fact, the 
efficacy the entire process, depends large measure keeping the sludge 
fresh possible. important, therefore, remove all the sludge 
promptly, otherwise will tend change character, losing its “activity”. 
all the solids were settle promptly the floor the tank, and the 
squeegees, could relied push effectively the sludge the 
center the tank, the length time travel probably would not long 
enough permit material impairment the sludge. This, however, does 
not seem the case. Most the moves slowly its vertical passage 
toward the bottom the tank, and enters horizontal trend flow long 
before reaches the bottom. certain small-scale experiments, the writer 
found that the solid particles after settling substantial depth moved 
toward the center almost horizontal direction. this tendency extends 
long distance, that is, about ft., the large tanks adopted should 
not present serious operating difficulties. However, the sludge does not 
escape promptly and completely, may necessary empty and wash out 
the tanks comparatively short intervals. Although such procedure does 
not offer prohibitive difficulties, would introduce annoying feature 
operation. 

The depth the settling tanks—15 decided for the purpose 
affording sufficient opportunity for fluctuations the depth sludge 
accumulation “blanket”, which varies greatly from hour hour during 
the day. This variation appears caused primarily the changes 
quantity and quality sewage being treated, the quantity and density 
return sludge being maintained nearly constant possible. Obviously, 
the smaller volume weak sewage received night does not yield large 
quantity sludge the greater volume stronger day sewage. Hence, 
the sludge accumulation the settling less extent the sludge 
burden the aeration tanks well—varies greatly, though the with- 
drawal sludge uniform volume and density. necessary, there- 
fore, provide ample storage capacity the settling tanks prevent the 
sludge from accumulating depth sufficient force the fine surface sludge 
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blanket pass out the effluent. The fluctuations depth sludge 
different densities during typical day are shown Table 


TABLE 
Density sludge,* Minimum depth, feet, Maximum depth, feet, 
percentage. 
9°5 


*The volume sludge remaining the bottom the test sample after standing 
quiescent glass cylinder, in. diameter and in. high. 


evident that there was some lag between changes volume and 
character sewage and those depth sludge accumulation, the minimum 
whereas the corresponding changes the sewage occurred several hours 
earlier. 

These measurements illustrate the normal fluctuations, although the depth 
can controlled, within limits least, regulating the rate drawing 
surplus “waste” sludge, the sludge excess that required for treat- 
ment incoming sewage. 

Comparative tests were not made determine whether there was par- 
ticular merit depth contrasted with volume sludge storage space 
the settling tanks, although, theoretically, there would appear some ad- 
vantage shallower tank equal volume. the absence definite in- 
formation this subject, and view the rapid and large fluctuation 
depth sludge within the experimental tanks, was decided build the 
settling tanks ft. depth. 


had occasion study some features the plans for the sewage purification 
plant, Milwaukee, Wis., connection with the work Harrison Eddy, 
Am. Soe. E., Consulting Engineer the Commission, and has been 
much interested the author’s comprehensive outline the net results, 
structural terms, the exhaustive studies which the final designs this 
notable purification plant have been based. (The word, “purification”, used 
advisedly, believed more appropriate the present instance than 
the word, “disposal”. process scientific, and productive such high 
degree purification, seems worthy the former term, reserving the latter 
for use the general sense, for those methods which are less complete 
treatment.) résumé the basic data for the structural and hydraulic 
design this plant, the author’s paper will value and assistance many 
designers who may encounter similar problems. 

The designer the Milwaukee works has been required reconcile many 
conflicts between bio-chemical requirements and hydraulic 
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limitations and, although the practical success the measures adopted will not 
proven until after the plant shall have been placed operation, deserves 
much credit for the patience and ingenuity which his plans reflect. 

Almost without exception, precedent points the use the air-lift for 
raising the settled activated sludge for re-circulation. The decision use 
centrifugal pumps the Milwaukee Plant for this purpose, is, therefore, 
courageous one; and the effect these pumps the operating efficiency the 
plant will observed with interest. the sludge measurably broken 
passage through the pump runner, not unlikely that appreciable 
part the time detention the aeration tanks, after the return sludge has 
been added the incoming sewage, may consumed the restoration 
before the sweeping action the activated sludge the colloids the sewage 
can become fully effective. probable, also, that the pressing pumped 
sludge may present some added problems, especially when pressing under- 
taken without re-aeration and consequent opportunity for re-flocculation. The 
prohibitive cost raising large quantities return sludge continuously 
the relatively inefficient air-lift has influenced the selection the more 
economical method pumping; and the experiment would appear worth 
the trial, particularly return the air-lift method could effected with 
little difficulty, should prove necessary. 

discussing the rate returning sludge, the author has somewhat over- 
emphasized his objection proportioning the rate returning the rate 
sewage flow when states that: 


“Owing the ‘lag’ through the plant; due the large capacity the tanks, 
questionable whether the synchronous method operation could con- 
trolled approximate even the conditions operation which, first 
thought, appear the most desirable.” 


matter fact, barring the slight effect storage due the small 
change head the outlet weirs, any change the rate flow liquor 
entering tank would practically instantly felt corresponding change 
the rate discharge from the outlet end. The prism liquor the tank 
would function incompressible piston, any change the rate motion 
one end being immediately apparent the other. The effect large tanks 
and long periods of*detention causing “lag” the smoothing out sharp 
fluctuations the rates incoming flow thus limited that accomplished 
the for storage within the range between high and low-water levels 
the tanks. This storage capacity, the present instance, only small 
proportion the total tank that its effect correspondingly 
insignificant. 

more important factor the rejection the synchronous method 
returning, the impracticability meeting all the variables and uncertainties 
which enter into such method. The character sewage will change, well 
its rate flow; the density sludge subject wide variation various 
seasons and even during any one day, and not only troublesome deter- 
mine the quantity sludge given density necessary ideally treat 
sewage the character flowing given time, but there certainty that 
sufficient quantity such sludge will available that time. 
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The decision return sludge constant rate thus based sound 
principle and borne out the general success this method the 
demonstration plant, but noted that the channel and pump capacities 
provide for great flexibility this respect. This wise provision, for can 
foreseen that conditions will arise, which may require radical departure 
from fixed schedule operation. For instance, when conditions are unfavor- 
able, and very light sludge being produced, the sludge blanket the sedi- 
mentation tanks will rise and may threaten pass out over the effluent weirs 
unless the rate sludge drawing increased prevent it. Uncertainties 
this respect are enhanced the adoption sedimentation tanks dimensions 
far beyond those any experimental tanks. 

The selection Elevation the maximum stage the Lake for 
which provide, recalls the results analysis the records the record- 
ing gauge maintained the Lake Survey Milwaukee since 1903, which 
indicates that the occurrence lake levels above this elevation once 
about thirteen years not improbable. Like other large inland bodies water, 
Lake Michigan subject tide-like fluctuations “seiches”, which, times, 
show marked rise and fall with respect mean conditions within few hours. 
Should the maximum recorded surge rise above the mean occur simultane- 
ously with recurrence the maximum recorded monthly mean, lake level 
Elevation 3.28 would result. Such occurrence, however, would 
brief duration, and provision for Elevation seems adequate the 
present case. 

There lack supporting data for the selection Kutter’s 0.020 
aerated channels. Its adoption purely matter judgment, and 
hoped that some agency will undertake study experimentally the friction 
losses the Milwaukee aerated channels when the plant shall have been 
placed operation, that, the future, designers may have the benefit 
data this subject. Observations the losses through the large sluice-gates 
this project, operating they under low heads, would also supply 
information which there now paucity. 

further field for research will found the air mains, which will offer 
opportunity for study friction losses relatively low pressures, particularly 
bends, valves, meters, and other fittings, the present allowances 
for which various authorities are widely variant. Small losses, unantici- 
pated, will evident the coal pile compressor plant enormous 
capacity and continuous operation, such required large activated 
sludge plant. data these losses, therefore, will great value 
designers future similar plants. 

This paper the sewage treatment plant Milwaukee contains many 
novel and interesting features design. Those interested the design and 
operation plants this type will look forward the publication, not only 
the analytical results operation, but also any hydraulic structural 
data which operation may bring forth. 
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SIPHON SPILLWAYS 


Discussion* 


Frep Assoc. Am. Soc. (by letter).t—The author 
deserves much for having presented the Profession such compre- 
hensive paper siphon spillways. The various examples existing structures 
this kind, and the clear description their action and efficiency, will 
undoubtedly prepare the way for more general use siphon spillways wher- 
ever the conditions are favorable. 

The writer was particularly impressed the various ingenious methods 
devised the author for priming the siphon and sealing the lower leg against 
the entrance air from below, without the use submerged outlet. 

One the main considerations entering the design siphon spillway 
the determination its efficiency. The author states that “properly designed 
siphons will have efficiencies from 80%, but, for preliminary com- 
putations, the former figure should used.” The writer fails find from the 
many examples cited Mr. Stickney any definite information with regard 
the best shape siphon for which efficiency 80% might effected. 
The tests cited gave efficiencies about 65%, one discards the figure 
derived for the spillway Power Plant No. Rochester, Y., for which the 
data given are too uncertain lead definite conclusion. 

would appear, therefore, that, present, factor ignorance from 
spillway. This seems rather high for comparatively simple problem such 
There doubt that from few systematic tests siphons 
different. shapes, more definite conclusions might drawn the shape 
entrance and exit openings, radius the bends, obtain for siphons the 
maximum possible under conditions such occur practice. 
hoped that laboratory tests will made models and the results compared 
with accurate and systematic measurements for existing siphon spillways, 
order enable future structures this kind built more economically 
than possible with the present assumptions “60 80%” efficiency. 


Discussion the paper Stickney, Am. Soc. E., continued from April 
1922, Proceedings. 


Chf. Engr., Beckman Linden Eng. Corporation, San Francisco, Calif. 
Received the Secretary, April 29th, 1922. 
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For siphons the type illustrated Fig. 5,* and used, for instance, for 
the Hetch Hetchy Dam, the water issues from the lower leg into the open air 
considerable velocity. often overlooked that calculating the 
effective length the lower leg siphon, the velocity head the issuing 
water has deducted from the theoretical head 33.9 ft. This fact 
considered designers draft tubes for turbines, and such tubes 
are enlarged somewhat toward the outlet end, order decrease the velocity 
the water and the corresponding velocity head. impossible realize 
the full theoretical amount suction, and the practical suction head for draft 
tubes generally limited about ft. water column. 

Assume, for example, siphon having effective head 25.0 ft., and 
efficiency 60%, that the velocity the water the siphon would be: 


0.60 0.60 32.16 25.0 24.0 ft. per sec. 
The corresponding velocity head the outlet is, 
24.0? 


Consequently, 


This corresponds practically the theoretical maximum atmospheric pres- 
sure sea level, and, therefore, suction head ft. appears about 
the limit for true siphonic action even under the most favorable circum- 
stances. 

practice, certain allowance has made for altitude and the daily 
and seasonal variations the atmospheric pressure. appears, therefore, that 
the safe limit the length the lower leg siphon which discharges freely 
into the open air about ft. For siphons with submerged outlet 
the conditions are somewhat more favorable, and will show, 
every case, the limit for true action. 

the lower legs such siphon spillways are made longer than the previous 
calculations would indicate safe, the water column likely “break” 
frequently, thus leading intermittent flow and heavy shocks and vibrations 
which are known accompany the abrupt changes flow water. The writer, 
therefore, unable agree with the provisions made, for instance, for the 
Alpine Dam and the Hetch Hetchy Dam for which the vertical distance 
between top siphon and outlet more than ft. The length the lower 
leg excess the limit for true action not only without help 
regards siphoning, but, certain cases, may objectionable account 
the vibrations which result from occasional breaks the water column. 
addition, involves unnecessary expense and likely lead over-estimating 
the such spillways. 

Although the formulas for the discharge siphons are simple, 
the efficiency coefficient known, the writer has found graphical presenta- 
tion these equations helpful for quickly estimating the cross-section, length, 
and height siphon spillways for any given amount discharge. 
ete. 


Proceedings, Am. E., February, 1922, 180. 
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CONSTRUCTION PROGRESS 
THE HETCH HETCHY WATER SUPPLY 
SAN FRANCISCO, CALIFORNIA 


Discussion* 


Justin,t Am. Soc. (by letter).t—Tunnels for inspection 
purposes and drainage, such Mr. O’Shaughnessy, have 
been used high masonry dams for many years. They were used the 
Vyrnwy Dam and, perhaps, earlier dams. They have become standard 
practice; but drainage wells, lined with porous concrete blocks, such those 
the design the Hetch Hetchy Dam, are quite recent. 

The writer was connected with the construction the Olive Bridge Dam 
the Catskill Water Supply for New York City, which, far 
has been able determine, the drainage well with porous concrete block 
lining was first used. These wells the Olive Bridge Dam were about 124 ft., 
center center, throughout the entire length the masonry section, and were 
short distance back from the up-stream face. The wells were formed 
using porous pre-cast concrete blocks, with hole cored through the block. 

The theory the action these drains that the water which forces 
its way through the interstices the concrete that part the dam 
stream from the drains, will conducted through the porous block the 
well its center. Thus, most the upward pressure which would other- 
wise exist every horizontal plane through the dam, assumed relieved. 

The drainage wells are useful and, undoubtedly, accomplish great deal; 
but, the writer’s opinion, the porous block delusion and nuisance. 
the Olive Bridge Dam, first, these blocks were moulded con- 
crete and the mixture was kept dry possible, order insure porosity. 
Even age several months, many these blocks were broken that 


This discussion (of the paper O’Shaughnessy, Am. Soc. E., published 
February, 1922, Proceedings, but not presented any meeting the Society), printed 
Proceedings order that the views may brought before all members for 
further discussion. Subsequent discussions this paper will published only Trans- 
actions, 
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was necessary increase the strength the mixture that they could 
handled with some degree safety the derricks. The placing the 
blocks was always troublesome, because they were fragile. When they 
were firm enough handle, was generally because the concrete was more 
dense than was supposed be, and the blocks were not porous. 

When the porous drainage blocks were set, was endeavored heap 
them the dryest concrete available, but, spite all precautions, the mortar 
from the masonry being placed the dam would run into the 
pores the block and clog them. the convenience the drains 
catch-alls, was impracticable prevent the workmen from throwing into 
them sticks, laitance, and surplus grout. This effectively lined many the 
drains with impervious coating and, some cases, they were entirely 
clogged and open them, length 90-lb. rail suspended from derrick 
was worked and down like drop-hammer pile-driver. the writer’s 
belief that, spite the care exercised secure porous blocks, there are 
few them the Olive Bridge Dam that are any more porous than the 
surrounding them. 

this so, why use porous blocks form the drainage wells? When 
effectively porous, they have little strength; therefore, why not discard them 
and have drainage wells, say, in. square, which about the size 
porous block, located about ft., center center, along the dam? With 
the increase the width the wells, their effectiveness vertical drains 
would greatly improved. The drains could built using forms, and 
after the dam was finished the relatively impervious surface next the 
form could broken bush-hammering, the size the well would 
permit small man work with air-hammer. 

The writer pleased note that bulk cement being used the Hetch 
Hetchy Dam. 1915-16, was connected with the construction the 
Wissota Hydro-Electric Project Wisconsin, where bulk cement was used, 
and since then has been that for any job where large quantity 
concrete placed from single plant, there great saving the 
use bulk cement. 1915, its use was novelty, but the indications are 
that will soon become standard practice for such work. 


ALLEN Hazen,* Am. Soc. (by Hetch Hetchy water 
supply for San Francisco important undertaking. The difficulties 
the aqueduct line will evident water-works engineers from inspec- 
tion Plate which shows 31-mile tunnel through the Diablo Range, 
and many miles large-size high-pressure pipe line. 

The writer speaking before the Chamber Commerce Oakland, 
Calif., once stated that order secure cheap water the San Francisco 
District from mountain source comparable with that obtained other 
Western cities, would necessary arrange with the geologists turn 
the Diablo Range (represented Plate IV,§ the Coast Range Division) 


Cons. Engr. (Hazen, Whipple and Fuller), New York City. 
Received the Secretary, April 26th, 1922. 
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through angle 90°, that the line the aqueduct would parallel, 
instead right angles, the mountains. 

The difficulties supplying San Francisco and the adjoining communities 
with water are perhaps greater than those involved the supply any other 
American city. Many the larger cities have been built near abundant 
water supplies. Sometimes the water has been the reason for the location 
and growth the city; but San Francisco was built harbor, which 
one the finest the world, and its sufficient reason for the 
growth the city. There are incidental disadvantages this particular loca- 
tion, and one them that water supply must secured overcoming 
unusual obstacles. 

present, the San Francisco District supplied from sources much 
nearer the city than the Hetch Hetchy Reservoir, and these cheaper sources 
will, doubt, continue furnish the supply for many years. The ten 
years suggested the author may pass, and several other like periods, before 
necessary build the Hetch Hetchy Aqueduct. The climate San 
Francisco does not lead the large per capita use water required some 
other Western communities. The present per capita use low, and the 
climate and the habits the people are such that likely remain low. 

The local sources water supply have considerable reserve capacity. With 
reasonable development, the supplies now owned the Spring Valley Water 
Company, and reserve that Company, will cover three times the 
present rate output. This includes the Calaveras Reservoir, which alone 
will produce more than the entire present supply, and two other large pro- 
spective reservoirs tributaries Alameda Creek. Even the coast streams 
from the western slope the peninsula south San Francisco, although dis- 
carded several engineering reports, are capable furnishing considerable 
quantity water through present Spring Valley System, unit cost 
that would only fraction that Hetch Hetchy water. 

The reserves for the cities across the Bay, served the East Bay Water 
Company, including Oakland and Berkeley, are not great, but San Fran- 
cisco not building the Hetch Hetchy for them. 

San may need the Hetch Hetchy badly some future time. 
There wide belt dry country beyond the present local sources and 
between them and the Sierras. San Francisco did not now claim and hold 
Sierra source, the time might come when she would need water. 
Nothing can said against the far-sighted policy reserving adequate 
supply mountain water, but having said this, well keep mind 
also that when necessary for it, will very expensive water. 
for the best interests the city that all the good cheap water near hand 
should developed before much money spent distant and costly 
source. 

The author mentions the proposed arrangement which water 
from Calaveras allowed flow down through natural channels 
Sunol, and through the present Spring Valley Aqueduct Niles and then 
taken pipes section the Hetch Hetchy Aqueduct built advance 
the remainder, carry the water the present Crystal Springs Reservoir. 


| 
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The writer understands that this procedure all, nearly all, the 700 ft. 
elevation which Calaveras water available, lost. The water 
taken practically sea level and then pumped into the 
Crystal Springs Reservoir Elevation 283. Most will have pumped 
again before reaches San Francisco. 

may interesting note this connection that San Francisco 
the mountains are near the sea, and elevations are high. The main distribu- 
tion reservoir the present system Elevation 365, and one-half the 
total output used this elevation and above it. The cost pumping 
from sea level these great elevations matter small importance. 

The best use available resources would carry the Calaveras water 
through aqueduct built solid ground, south San Francisco Bay, 
extending point the hills back Palo Alto, from which point grade 
aqueduct could built the San Andreas Reservoir Elevation 440, and 
thence tunnels and pipes the city Elevation 365. Such aqueduct 
would few miles longer than the route now proposed the author, but, 
would avoid difficult submarine crossing, there would little, any, 
additional first cost. its use, Calaveras water, quantity more than the 
entire present supply, could delivered the Honda Reservoir level 
365 ft., without pumping. The water the Crystal Springs Reservoir would 
flow gravity lower distributing reservoir, and the only pumping needed 
operate the entire system would for ground-water from the Alameda 
County sources and for water required high-service districts above Eleva- 
tion 365. 

The reason for the selection the route now proposed, stated the 
author, that will “make available, without duplication aqueducts, the 
additional Spring Valley This brief explanation hardly does justice 
the situation. All the future growth San Francisco that can rea- 
sonably anticipated financial arrangements now made, will not warrant 
larger aqueduct than can filled with Calaveras water. The business does 
not warrant larger one, and neither the water company nor the city can 
afford build now for greater capacity. 

Calaveras water will fill such aqueduct for all time. such 
aqueduct used any future time Hetch Hetchy water, can 
only accomplished wasting Calaveras water. There reason why 
Calaveras water should wasted make way for other water. The sup- 
posed saving using part the Hetch Hetchy Aqueduct for Calaveras 
water, therefore, has real basis. 

The procedure taking Calaveras water through part the Hetch Hetchy 
Aqueduct with sacrifice its head will result increase pumping 
costs and investments pumping stations, that will amount great sums 
money. Water may supplied this way; but water rates will have 
adjusted accordingly, and the consumers will pay for the economic waste. 


Frep Assoc. Am. Soc. (by history 
the Hetch Hetchy Project rich incidents which interfered more 
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less with the progress the work. Opposition for political reasons and 
hostility against municipal ownership public utilities, united themselves 
for fighting this project, and, addition, certain times criticism was heard 
from various quarters with regard purely engineering questions: Those 
times uncertainties have passed, however, and the first unit this great 
project full course construction, uniting friends and former opponents 
the common desire for successful completion the work. 

The main single structure this project the Hetch Hetchy Dam, 
structure the curved gravity type, which will ultimately more than 
300 ft. high. For the initial dam, proposed discharge the flood waters 
through siphon spillway near the center the crest, where the dam 
highest. The writer would like know the reasons for the adoption 
siphon spillway preference spillway with radial gates, which was pro- 
posed alternative scheme when bids were asked for the construction 
the dam. the dam raised later, all the siphons will covered, 
and practically lost, whereas gates might have been salvaged and used again 
for the spillway the raised dam. 

-It will interesting observe, during periods floods, the effect 
water discharging from the siphons and over the stepped-off down-stream face 
the dam. The water will issue from the siphons velocity about 
ft. per sec. Assuming maximum flood flow 12000 sec-ft., the 
total kinetic energy this water, dropping from the reservoir surface 
Elevation the stream bed Elevation 3500, would between 
200 000 and 300000 p., and that part which expended the dam 
doubt will produce some vibrations. 

This will afford excellent opportunity for having such vibrations meas- 
ured recording instruments. the same time, such tests may permit 
conclusions drawn the effect siphoning over the crest slender 
arch dams and the vibrations incidental thereto. believed that the large 
body water back the dam will reduce, not practically nullify, such 
vibrations, because the combined mass the dam and the water for certain 
distance from the dam enormous make insignificant the stresses 
from vibrations caused spilling. However, this assertion can probably 
proved disproved only actual measurements, and hoped that 
such tests will made the Hetch Hetchy Dam the interest future 
structures built. 

the time when the Hetch Hetchy Dam raised, the peculiar 
problem will encountered preventing any seepage water from accumulat- 
ing the planes contact between the old and the new concrete, order 
prevent uplift for the added parts the dam. the writer’s opinion, 
particular difficulties will encountered sealing tightly the smooth chan- 
nels the siphons, mainly account the natural shrinkage the newly 
poured concrete which will tend loosen from the cover the spillway 
channel and thus admit water the stepped-off portions the old down- 
stream face the dam. 

The Lake Eleanor multiple arch dam excellent representative this 
type structure. The dam located elevation 600 ft. region 
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ice and snow. would interest know the effect freezing and 
thawing, any, the slender arches this dam, also the effect ice 
pressure. hoped that the City San Francisco will make funds 
available for measuring temperature, deflections, and stresses the dams 
the Hetch Hetchy water supply project, order furnish data which may 
used advantage when the time comes raise these structures. 
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THE CONTINUOUS TRUSS BRIDGE 
OVER THE OHIO RIVER SCIOTOVILLE, OHIO 
THE CHESAPEAKE AND OHIO NORTHERN RAILWAY 


Discussion* 


Evan 


Sciotoville Bridge, coming does from engineer who has earned his 
place the front rank the profession the design and execution 
one the finest examples long-span bridge construction—the Hell Gate 
Arch Bridge—will received and read with unusual interest. The structure 
described pleasing appearance, satisfactory from the standpoint rigidity 
and safety, and was erected creditable manner without mishap. 

The span somewhat excess those common simple bridge truss 
design; but the fact that double-track structure, and wider and 
correspondingly greater weight than single-track railway bridge the 
ordinary highway bridge, should extend the economic span length for the 
simple truss 850 ft. least. 

advocate the continuous bridge, Mr. Lindenthal does not limit 
its application long spans place the cantilever, but contends that 
for spans customarily regarded solely within the province 
the simple truss span. assuming this position, has raised fundamental 
questions regarding the underlying considerations affecting the economy 
truss design. 

The disadvantages the continuous structure have been reasonably and 
fairly treated the paper. They should not prevent the adoption the type, 
providing economy results. However, the economy claimed the advocates 


This discussion (of the paper Lindenthal, Am. Soc. E., published 
March, 1922, Proceedings, but not any meeting the Society), printed 
Proceedings order that the views expressed may brought before all members for 
discussion. Subsequent discussions this paper will published only Trans- 
actions. 
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the continuous truss unsubstantiated the application mechanical 
laws governing economic proportions and form, then the field the type 
limited long spans which, designed with depth for vertical loads 
simple spans, would top-heavy under the overturning moment wind 
pressure. 

the now classic controversy between Mansfield Merriman, Am. Soc. 
E., and Charles Bender, the relative merits continuous vs. simple span 
bridge structures, Merriman strong point predicated the economy the 
continuous truss against the simple truss the known economy con- 
tinuous beams uniform section. Bender claimed that could design 
series simple trusses which would meet the requirements given specifica- 
tion with less metal than his opponent could design continuous bridge 
covering several spans. 

would seem that the analogy between the economical relations the 
beam the ‘simply supported beam inapplicable the rela- 
tions the simple versus the continuous truss frame, because the web con- 
stant section the beam, whereas the truss proportioned meet the 
requirements only the variation shear along the length the span. 

Again, although the claimed ability Bender design simple trusses 
less weight than the continuous frame proposed Merriman, might decide 
the question ability the contestants, would not necessarily settle 
explain the principle issue. 

the case with the beam, the truss frame called support the 
moment tending elongate the bottom chord and shorten the top chord 
horizontally, and the shear cross-breaking vertical force. The total weight 
the frame the sum the weights the members designed support 
these different forces added the weight the floor system and lateral 
bracing. 

Simple Bridges vs. Continuous Bridges—Parallel parallel 
chords, the cross-section and the weight the chord decrease the depth 
the frame increases, and, conversely, the weight the web increases the 
depth increases. Therefore, such frame, the economic weight approaches 
minimum when the weight the web equals the weight the chords, and 
this relation holds true whether the frame simple. 

Economic Depth Greater for Simple renders the live 
load shears resisted the webbing somewhat greater than those the simple 
span. Therefore, the web the continuous span would heavier than that 
for the simple span, but the maximum moments are smaller for the continuous 
‘span. through span with inclined end posts, the chord length 
shorter the simple span than the continuous span and if, for this rea- 
son, the chords were assumed equal weight with trusses the same 
depth, then because the difference the webbing, the economic depth 
the simple span would necessity greater. Parallel chord bridges, how- 
ever, are not economical for even moderately long spans and, for these trusses 
variable depth, there more radical difference the relative economic 
depth than for the case parallel chord bridges the two respective 
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Economic Depth—Non-Parallel Spans.—The reverse law 
summation shears and moments most favorable the simple span. 
Thus, shear increases from mid-span the support, and applied moment in- 
creases from the support mid-span. Accordingly, the simple span truss 
may made deep the center and small depth the end. With the 
greater depth the center where the shear the least, the web members, 
although long, are light. With decreased depth toward the support, the heavy 
web short, that this arrangement the weight the web 
becomes greatly reduced over the case parallel chords. Moreover, because 
the inclination the chord, the inclined chord functions dual capacity, 
resisting both shear and moment, still further reducing the weight the 
web which, with the parallel chords, was one-half the total truss weight. 

Contrast this reverse law summation, helpful the economy the 
simple span, with the conditions which are unfavorable the continuous 
span. The moment greatest numerically over the support where the shear 
greatest and obtain depth resist this moment, heavy web members 
become long place the correspondingly short members the simple span 
resisting the same shear. The economic depth for the simple span thus becomes 
from 30% greater than for the continuous truss for more moderate spans 
with reduction, view overturning moment wind for the longer spans. 

As, with economic height, the web the simple span would reduce 
about one-third the weight the continuous type, and the chord lengths 
would less, the conclusion appears inevitable that instead the economy 
claimed for the continuous frame, generally lacking economy the 
extent 35%, compared with the simple truss frame for moderate 
spans. The question the economic frame truss only part the 
problem economic bridge design. The lowest total cost the object that 
the progressive engineer strives attain, but rarely achieves. ap- 
proaches from consideration the minimum truss weight, other factors 
appear, which are antagonistic the triangulation has fixed on, for truss 
economy. may said that although the theory design may 
appear very simple theoretical works bridges, practice, 
otherwise. 

The truss triangulation which gives apparently the least weight for the 
truss, commonly gives difficulty obtaining desirable panel lengths for the 
floor system; the stringers are either too long too short; there always 
something that does not fit, and the resulting solution series compromises 
approximate the desired end. Again, the longer span bridge, the depth 
for vertical loading, will ill proportioned resist the over- 
turning moment severe storms, unless the floor wide and the work heavy. 

Viewing the Sciotoville Bridge continuous truss span, the writer 
believes Mr. Lindenthal has approached closely the proper depth. 
His view that the steel weight 20% less than that properly designed 
simple span mistaken, and the writer would substantiate his view the 
submission Fig. 25, which shows the proportions the Sciotoville Bridge, 
together with suggested form simple truss span which, approximate 
computation indicates, would lighter than the continuous design the 


1314 DISCUSSION SCIOTOVILLE BRIDGE OVER THE RIVER [Papers. 


margin noted. The moment over the support and the moment the center 
the continuous and simple span design would equal. the simple 
span about 10% deeper, the maximum cross-section the chord will 
nine-tenths great the simple span. the simple span design such 
that advantage taken the reverse summation shear and moment 
extent impossible the continuous span and, because the greater in- 
clination the chord members the latter, the web proper would about 
one-third the weight the web the continuous span and, again, the 
total weight the chords would less, because the shorter length, and 
would appear that far the truss frame concerned there should 
difference least 35% favor the simple span against the con- 
tinuous frame. 

Consider the floor system: the. panel length shorter, the stringer 
moments will approximately six-tenths great for the simple span, and the 
dead load moment would one-half great. The floor-beams would 
number, but reduced cross-section. The number main 
joints the truss would few, with longer members handle, thereby 
reducing details. Wide variation the make-up the top chord and end 
post the continuous type would avoided, and simplification details 
would result from greater uniformity sections. The breaking truss 
stiffen the floor-beams laterally would eliminated automatically and the 
lateral system reduced weight connecting the laterals the center 
alternate floor-beams. Lateral stiffness would secured full triangulated 
bracing smaller number planes than the portal bracing used, with 
corresponding reduction weight. batter the trusses ft. from the 
vertical the total height would add the lateral rigidity and permit some 
reduction section otherwise required for top-lateral and chord bracing. 
The number members which perform work truss members, other than 
supporting the dead weight the chords, would greatly reduced the 
suggested simple span. 

The simple truss design suggested might come somewhat outside the pale 
precedent which Mr. Lindenthal commends the work the early builder, 
but practical should not considered criticism the 
serviceable and excellent structure described this interesting paper. Ap- 
proach the goal ultimate economy, for which all engineers are work- 
ing and may never expect reach, must create precedent. 

Erection—The method erection the simple span order not 
exceed the cost erection the continuous bridge would likewise need 
follow somewhat unprecedented The fact that the river bottom 
sound rock would make the problem much simpler than dealing with the 
Missouri River where there from ft. shifting silt. Leaving 
wide channel under one span, was done the erection the Sciotoville 
Bridge, would necessitate the cantilever erection three main panels one 
span, which would not appear present any especial difficulty. 

Although opinion may differ the relative cost erection the two 
types, the quantity steel required for the same specified working stresses, 
any difference opinion readily solved working out the designs and 


1315 


q 


= 


— 
= 


1316 DISCUSSION SCIOTOVILLE BRIDGE OVER THE OHIO RIVER [Papers. 


calculating the weights, the approximate solution the application 
mechanical principles considered open question. 

Many American engineers have made conscientious effort Mr. 
Lindenthal design continuous truss bridges economically, impelled thereto 
the mistaken assumption some proportionate economy comparable the 
divergence the moment areas the two respective types, only realize, 
more less, the heavy handicap imposed the reverse law summation 
shear and moment favorable the simple span and unfavorable the con- 
tinuous truss. the comparison the cantilever and continuous type, the 
moment areas approach identity for comparable depth and section over and 
between supports, and, therefore, would appear that the discredit Mr. 
Lindenthal would cast the cantilever truss should focused rather 
degenerate section typified all web and flange, toward which the make-up 
the compression members many designs has approached and 
the unfortunate instance the cantilever the ultimate danger line had been 
passed. 

the foregoing discussion, the consideration the web that part 
the truss between the external chords departure from the comparison 
the equality the web and chords the parallel truss bridge. would 
seem, therefore, that the inclined chord end post might apportioned 
web chord the sign and cosine, respectively, its angle inclination. 
this basis, fair mathematical apportionment might realized, equal- 
ization from which reasonably satisfactory conclusions could drawn 
the economic depth the types under consideration. Because there very 
little inclination the chords the continuous bridge, the apportionment 
suggested immediately indicates greater economy, the hypothenuse the 
triangle less than the length the other two sides, the sign and cosine 
the angle inclination, another viewpoint had, from which comparisons 
and conclusions may logically drawn. 

The thory economic truss proportions too complicated embodied 
simple mathematical form. The suggestion Mr. Bender, that the best 
method comparison any two designs similar types, without going into 
details too completely, was multiplying the length the members the 
maximum stress thereon, and the sum total the products should 
minimum for the economic frame, appears the light good approxima- 
tion, providing the uniformity sections and such lack wide variation 
occur the change sign and intensity the chord stress presented 
the continuous truss, comparison with the constant kind stress and 
relative uniformity presented the arched chord simple span. The wide 
variation the stress the chords the Sciotoville Bridge undoubtedly 
accounts for the uneconomical thickness the webs the sections, their 
lack breadth proportion the height the truss, and that apparently 
unavoidable the make-up from which the designer would 
free treating the simple truss span. 

engineers are consider the Sciotoville example riveted trus3 
unprecedented dimensions, they should not forget the old Forth Bridge with 
clear spans ft., and its riveted construction throughout. Riveted 
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construction simple span design has the inherent advantage that rolled 
shapes which make the members can secured very long lengths and 
incorporated the structure, reducing the number joints necessitated 
pin-connected chords, because the facilities for fabrication and the necessity 
making the joints panel points for the proper connection the laterals, 
which immaterial when one dealing with riveted sections. 

The suggestion slight inclination the truss might objected 
the ground difficult lateral connections, but this objection more 
imaginary than real, was demonstrated the St. Croix River Arch.* Like 
Mr. Lindenthal, the writer appreciates the added advantage from the stand- 
point stiffness which some indeterminate structures present, but this may 
secured with the indeterminateness the frame largely reduced for tempera- 
ture and settlement, was done the structure noted. The adoption the 
riveted sections throughout the simple span permits partial erection 
cantilever, adapting the design conditions under which the pin-connected 

generally assumed that the continuous bridge has some inherent 
advantages from the standpoint stiffness, compared with the simple 
span. If, however, the economic forms, and maximum deflections are com- 
pared, this will not found true, maximum deflection with the 
continuous bridge occurs when some the spans are loaded and others un- 
loaded, and with its smaller depth mid-span and with partial restraint only 
the support and its smaller chord section, the maximum deflection will 
found greater than with the economically designed simple span. The dif- 
ference, although favor the simple span, insufficient offset material 
economy did that, fact, pertain the continuous bridge. 

Diverse Laws Economic Chord Inclination Simple and Continuous 
Spans.—As the apportionment the efficiency inclination the inclined 
chord the simple span the cosine its angle inclination resist- 
ing horizontal deformation moment, and the sine its angle inclination 
resisting the vertical deformation shear, its resisting shear 
and moment the secant its angle inclination unity, compared 
with horizontal chords unit weight basis. 

Because the reverse sign the bending moment the cantilever parts 
the continuous span, there reversal this law economic efficiency. 
Take, for example, the member U18 14, the author’s continuous 
bridge design. For negative moment, its efficiency resisting horizontal 
moment deformation the cosine its angle inclination. Its efficiency 
resisting vertical shear likewise the sine its inclination, but 
carries that shear vertically longer distance upward from the point reac- 
tion, 20, thereby increasing the material necessary support it, instead 
decreasing the material necessary support the shear, the case with the 
inclined chord where the moment positive. Accordingly, the cross-section 
18-U presents total efficiency resisting combined shear and moment 
amount equal the cosine the angle inclination instead the 

Transactions, Am. Soc. E., Vol. LXXV (1912), 
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secant the angle inclination, the case with the inclined chord 
the arched simple truss span. 

true that this inclination reduces the section required the member, 
18-U 18, that the economies inclination are the algebraic sum the 
plus and minus savings instead the consecutive positive summation, 
with inclined chords the simple truss span. 

The Latitude Compromise the Divergent Economic Requirements 
Floor and Truss Panels Unfavorable the Continuous the fore- 
going discussion has been noted that truss triangulation frequently con- 
flicts with economic floor paneling. Thus, comparing from the standpoint 
the simple span suggested, the bending moment the four lines stringers 
70% greater Mr. Lindenthal’s continuous truss than the simple truss 
diagram suggested the writer. The dead load bending moment about 
100% greater; whereas, conversely, beam shear and bending moment all the 
beams approximately 10% greater for the simple span than for the con- 
tinuous span partly offset the greater dimensions laterally the chords 
which would naturally used. Accordingly, the range for compromise ad- 
justment the difference between one clear dimension for the simple span 
against two shorter dimensions, that is, the cantilever arm and the suspended 
span the continuous truss two spans, three, the span inter- 
mediate span, with economic location for the point inflection inhar- 
monious with favorable panels for either cantilever, suspended span, floor. 

This practical disadvantage small importance, which should not 
overlooked theoretical survey the two types construction. Gen- 
eral experience with continuous draw-spans gives the practical engineer 
better basis for comparison the stiffness two-span continuous struc- 
tures with single span structures the dimension the length the arm, 
than the relations bending and moment forces presented works bridge 
design, and from this experience conclusions regarding stiffness are diametric- 
ally opposed those customarily drawn from incomplete theory resistance 
based moment and neglecting shear. 

Among engineers, experienced the art bridge construction, few are 
egotistical enough assume ability design the most economical frame possi- 
ble devise, yet would seem that thorough discussion theoretical prin- 
ciples should lead less divergence opinion. With theoretical treatises 
continuous bridge construction estimating from moment distribution 
economy 40% the material required for the continuous truss 
bridge, and practical experience and conscientious design apparently indicating 
lack economy 35% for two-span continuous structure 25% for 
four-span continuous structure, from consideration essential provision 
for combined shear and moment and the relations indicated the constant 
the moment magnitude equations, well numerical values the three- 
moment equations, there appears indeed ample room for harmonization 
book theory and practical experience viewed those who take the 
negative side the economic question and ample room for explanation 
the part those who assume the affirmative side. Undoubtedly, the author’s 
closing discussion the affirmative will interesting and instructive. 
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closing this discussion, the writer thanks Mr. Lindenthal for the pres- 
entation most interesting and valuable paper, which skillfully treats 
many practical questions and discloses meritorious details advance 
current practice. Preference for the continuous bridge moderate span 
differs from the majority opinion American bridge engineers, because 
lack demonstrated economy scientific mathematical design basis. 


Kennarp Am. Soc. E.—Reference has been made the 
danger placing false-work the Ohio River, which reference fully appre- 
ciated the speaker, was Engineer Bridges for the Ohio River Divi- 
sion the Norfolk and Western Railroad when, 1890-91, the Kenova Bridge 
was built few miles above the site the Sciotoville Bridge. Kenova, 
the records showed low-water depth ft. and high-water depth 106 ft. 

The author has attention the desirability rock foundations for 
continuous girders. Any departure from this fundamental should only 
adopted after the most careful consideration. For example, sufficient num- 
ber piles might driven carry safely several times the designed load; 
but unexpected contingencies may divert river such manner that these 
foundations would seriously imperiled undermining. Again, the teredo, 
which had never been known the locality before, might obtain access 
the piles. 

Some years ago, would have been considered safe cut piles off 
ft. under water, the teredo was only supposed find access the piles 
between high and low water. About twelve years ago, however, the speaker 
was retained report highway bridge Fall River, Mass., where one 
end pier had dropped ft. one night. pile head was cut off and 
brought with live teredo and also limnoria, both actively boring. 

The piles had been cut off ft. below the surface the water and 
ft. timber grillage, carrying masonry pier, had been sunk top 
these piles. The bridge had been completed just two years prior the col- 
lapse the pier. the piles were cut off such great depth, and there 
was sewer discharging within 150 ft. the pier, would have been con- 
sidered safe against the ravages the teredo. 

The speaker, however, has never been able satisfy himself whether 
the teredo and the limnoria obtained access the piles after they were driven, 
while they were floating the surface the water before being driven. 
any event, great care should exercised against allowing piles float 
teredo-infested water before driving. 

the Fall River Bridge did not have continuous trusses, serious 
damage was done. coffer-dam was built around the pier and concrete was 
under the grillage around the old pile-caps and brought outside 
the pier, above the timber grillage line, form new support for the bridge 
and prevent any further damage the teredo. The steelwork was then 
jacked back its original position new bridge seat. 


Evan Am. Soc. (by present era 
bridge building may well termed the long-span bridge era, now 
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possible span wide rivers, estuaries, canyons more scientifically and 


economically than any past, or, perhaps, any relatively near future, period. 


The Sciotoville Bridge striking example what may accomplished 
the use continuous bridges. the longest that type ever con- 
structed and now gives America the proud distinction having the longest 
spans for every type bridge construction, namely, the Sciotoville Continuous 
Bridge, the Hell Gate Arch, the Quebec Cantilever, the Williamsburg Sus- 
pension, the Metropolis Simple Truss Span, and the Willamette River Draw- 
Bridge. 

The piers the Sciotoville Bridge are illustrative what should 
done the reinforcing monolithic concrete piers, not only for the preven- 
tion cracks, but providing strong protective shell for resisting the 
impact from ice, logs, scows, collisions from steamboats, For this purpose, 
the writer’s practice has been use wire cloth, placed in. inside the 
surface the pier, and economical and effective. The care exercised 
fundamental and vital matter the building long-span bridges. 

The appearance the bridge peculiarly pleasing when one considers that 
two-span structure, with outlines formed straight lines. This satis- 
fying feature due proper depths trusses and strictly symmetrical struc- 
ture. The system trussing adopted is, also, without question the best that 
could have been selected and one well adapted meet the problems that arose 
the method erection. These results were evidently achieved result 
trained judgment and careful investigation. surprise, therefore, 
know the final outcome the economy and efficiency the structure. 

The unit stresses used making the design should receive careful study 
the Special Committee Specifications for Bridge Design and Construc- 
tion, and all engineers having with the design steel bridges any 
magnitude, engineers can longer wasteful the resources 
Nature they have been the past. The loading adopted undoubtedly will 
prove heavy enough for the future, the uniform train load was the governing 
one for the main truss members, and with the margin allowed inside the elastic 
limit the material, the floor and primary truss members will probably never 
wanting strength. The use riveted construction throughout 
commended, the structure consequence thereof much stiffer and more 
lasting, thus nullifying the slight decrease cost that the use eye-bars would 
have effected. 

The salient points this structure, well this type bridge, have 
been well covered the paper that the writer will not comment them. 
but engineers should study them carefully and endeavor absorb those larger 
problems design which have been solved well. 


a 


( 
( 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


CORE STUDIES THE HYDRAULIC-FILL DAMS THE 
MIAMI CONSERVANCY DISTRICT 


Discussion* 


(by and safety are two 
entirely separate problems dams, this earth dams. Tightness can 
be, and often is, obtained the expense safety. This the case when the 
most nearly water-tight surface too far down stream. Safety can exist 
leaky dams. 

The attempt solve the two problems one idea has resulted cores 
sluiced material, puddled clay, masonry, concrete, and steel. All central 
cores are mistake, not always failures, but always uneconomical. 

sluicing cheap method moving material, advisable. was 
used largely the construction the San Leandro Dam, for many years 
the highest earth dam the world. Sluicing was well known Chabot, and 
had been developed hydraulic miners California. Dikes were not made 
confine the sluiced material, but train it. The fineness coarseness 
was not measured, nor thought of. The sluiced material was mixed with 
scraped and dumped material, filling most the interstices therein. 

great deal the Gatun Dam was sluiced, the original intention being 
haul the material the Culebra Cut trains, but was found 
cheaper waste the and borrow for the dam. The core the site was 
cheap, irregular, and enormous, and its economic width was not 
probably not thought of. 

Slides have during the construction many these soft cored 
dams (sluiced material puddled clay). Such troubles come from, weak 
dikes overtopping. The cores are viscous, and the dikes must act dams 


*This discussion (of the paper Charles Paul, Am. Soc. E., published 
March, 1922, Proceedings, but not presented any the Society), printed 
Proceedings order that the views expressed may brought before all members for further 
discussion. Subsequent discussions this paper will published only Transactions. 
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hold them. Two dams are built order that one may result. con- 
struction can continue completion, safety certain far cores are 
concerned. Contact and wasteways are other questions. 

The fineness coarseness material inconsequent, provided there are 
enough fines enclose the coarse. Cyclopean concrete not more pervious 
than other masonry, when properly placed; this also true core ma- 
terial. Water drains faster from coarse material; therefore, this question only 
concerns the rate progress. Drainage may facilitated tiling. 

Although insignificant percentage coarse sand and gravel went 
into these cores, does not follow that 10, 15, even 20% gravel would 
detrimental; because 78% fine silt and clay was the average content, 
does not follow that 100% would have been bad. There seems have been 
reason for wasting some material and borrowing other, except obtain 
pre-determined mixture, for which the reason not apparent real. 

The reason for thickness only insure continuity. foot thickness 
valuable for tightness that used. Tightness not essential safety, 
but drainage essential. When the most nearly water-tight surface 
near the up-stream face, any reasonable section will make safe dam. 
streams like the Miami, would impracticable keep them leaking for 
many seasons. The Mackay Dam Big Lost River Idaho cited, the 
foundation which and the adjacent material for construction was lime- 
stone gravel. Any scheme for making the dam tight would have made the 
cost prohibitive. There was clay, little silt, hardly any sand and 
was out the question, therefore, the verdict was “let her leak”; and did 
leak, through, under, and around the dam. The leakage was 160 cu. ft. 
per sec. the first time the reservoir was filled, but the dam was always safe; 
the leakage was more than had passed for prior rights, loss 

The only care construction was have the up-stream face the most 
nearly water-tight surface. The bulk the material was excavated steam 
shovel and moved place cars. small part was segregated, the fines 
being placed the up-stream face and the coarse, the front down- 
stream face. Some rock was quarried increase the rip-rap, and bar 
material somewhat finer than the average, was borrowed increase the fines 
the up-stream face. 

the thousands springs developed, not one shows roil; there was never 
any piping; there was danger. Continued measurements show that the 
dam tightening. The reservoir was first filled 1918, and has been filled 
annually since. 

The Miami dams are not criticized being unsafe, but being un- 
economical. Absolute tightness was unnecessary, and the attempt get 
cost much money. there leakage past the cores, they will never become 
tight. The up-stream face will gradually become the most nearly water- 
tight surface and safety will increased thereby. inexpensive segrega- 
tion sand and gravel (the material the body the dam) all that was 
necessary insure safety. After that, tightness could not have been pre- 
vented. 


Si 
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Nothing said the author about performance, although two the 
dams were completed before the paper was written. Another point im- 
portance, wasteways, not discussed. hoped the author will allude 
them his closing discussion. 


ALLEN Hazen,* Am. Soc. (by paper state- 
ment what can done with material hard-grained particles from the 
terminal moraine the glacial period Ohio. will well remember 
that other physical properties may found other stock and other parts 
the United States. 

The author speaks the decided advantage having surplus core 
material the stock that part, least, the finest that material may 
wasted. This means practically that the effective size that which remains 
and forms the core will Mechanical analyses representative 
samples core material are given, but the effective size has not been computed, 
and there difficulty doing so, because the finest size separation greater 
than it, and results can only reached extrapolation. The writer has 
plotted these results probability paper and, extending the 
line downward, finds that the effective size the average the samples 
0.0025 mm. The author does not state whether the mean greatest diameter 
was used, describing the size the particles. Assuming that the mean 
intended, this material coarser than the material from cores some other 
dams that the writer has examined, and shows the beneficial effect wasting 
some the finest particles. addition the greater grain size, there are 
differences physical properties between the hard-grained particles glacial 
drift and the much softer particles resulting from the disintegration soft 
rock other places. 

The voids the core material are not stated the author, but does 
give data from which their amount may Proceeding this 
manner, appears that the Lockington core had from 44% and the 
Englewood core 46% voids. The weight per cubic foot wet core ma- 
terial stated 121 indicates voids. These results are consistent 
and indicate slightly greater degree consolidation than was found 
the Calaveras Dam California the time the slip. 

The use of, and the results obtained by, the Goldbeck pressure cells are 
interesting. The writer doubts whether useful deductions can safely made 
from these results this time. the first place, idea the degree 
accuracy the gauges may obtained from the charts for vertical pressure. 
The vertical pressure certainly exists the extent the full weight the 
material, and if. the gauges were correct the indications would correspond 
that weight. The figures taken from the diagrams not appear this. 

The Germantown March 20th, 1920, showed pressure 
material 121 per cu. ft. depth ft., pressure lb. was 
indicated, only 68% the computed weight. Taylorsville, Novem- 


*Cons. Engr., (Hazen, Whipple and Fuller), New York City. 
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ber 26th, 1921, gauge depth ft. showed 89% the 
computed weight the fill above it. The indications are that all the gauges 
under-register and that variations occur between the several gauges, that are 
not accounted for. For horizontal pressures, the gauges indicated somewhat 
less than vertical pressures the same points for the greatest depths. 

When core material soft, the horizontal and vertical pressures are equal. 
the work construction proceeds, and more material placed above, and 
the core becomes consolidated, the horizontal and vertical pressures pre- 
sumably remain more less equal, unless something happens disturb the 
equilibrium. movement flow core material would caused either 
increase decrease horizontal pressure. cause movement the 
change pressure would have sufficient whatever degree 
stability had been reached that time. Between these limits, far apart, 
broad range pressures through which the material always stable. 
Tests that showed the actual horizontal pressure the moment when move- 
ment flow began, would certainly interesting. The pressure that exists 
with movement would seem have significance; might any- 
thing within the limits stability and probably would not differ widely from 
the vertical pressure. 

The description experience with actual breaks the sides dams, 
during which the core material was eroded and exposed, one the most 
valuable parts the paper. shows that the core material had attained 
considerable degree stability the times the breaks, but must always 
remembered that stability such material dependent, considerable 
measure, the height the exposed face. Soft material stable long 
the height not great. Every material has its limit height, and the 
greater the cohesion the higher the limit. the Calaveras Dam, was found 
that material that would stand one height, would flow almost liquid 
greater height. 

The hydraulic method dam construction most valuable one and 
the author has made important contribution the useful knowledge it. 


subject more interpretations than “soil”, and “silt”. Weight well 
fineness are distinguishing qualities. analysis for size and determination 
specific gravity the material when dry and when saturated would couvey 
quite definite idea the core material and could used for comparison 
other parts the world. combined size and weight table available? The 
author has “broken ground” core-wall investigations and should have credit 
for incurring the expense necessary determine the changes that hydraulic 
fill undergoes. The writer would make suggestion regard pressure 

the center line the core, erect cylinder hollow mast, 
in. diameter, thin metal, say, in. thickness, thick enough 
withstand the exterior pressure, made sections suitable for riveting and 
caulking the core height increased. Each section should water-tight when 
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place and have iron ladder the inside, with one more narrow 
shelves, suitable for foothold. Depending the length the section, there 
should one two openings, in. diameter, over which short cell 
holder frame metal should riveted and made water-tight. The holder 
should project only in. The cell itself would have two walls different 
material, the outer one durable rubber canvass, reinforced added 
thickness the center and held the cell frame water-tight connection, 
and the opposite inner wall would strong, clear glass fitted securely 
the holder and carrying short threaded tube. observer would have good 
footing the mast and with pressure gauge and small air-pump could 
the outer cell wall against whatever pressure there might be, watching 
the movement through the glass disk. The pressure could noted and also 
the return motion the opposite wall diaphragm the air pressure was 
permitted decrease. This operation could repeated several times 
obviate instrumental error and the results from another cell below above 

The vertical pressure could ascertained making very short bend 
cell frame, and having the opening for the cell holder elliptical, permit 
direct observation. When the dam was completed and the top the mast 
sealed, opportunity would still exist examine the cells and record the 
resistance pressure. number years might pass before the cell wall would 
fail, especially one two were made like piston more permanent 
material; and after that samples the core could secured. One mast might 
regarded satisfactory, material inferior quality was deposited 
around it, that is, would natural that the poorer part the 
fill was shown safe against movement, the better part would safe. The 
estimated apparatus this kind might compared with the cost 
one more the dams named the paper. 

massive construction which there was danger lateral motion 
core material, parts mast could used from raft carrying suitable 
framework and equipment for thrusting down and lifting section 
reasonable length. This could used more than one place the pool. 
might result the abandonment cell construction and the use plain 
plunger appropriate size and weight that could rapidly settled lifted 
while the stresses the control apparatus were recorded and the character 
the material thereby estimated. 


the results observations and experiments five ably constructed hydraulic- 
fill dams. The use Goldbeck cells for observing the vertical and horizontal 
pressures the cores makes the record unique and hoped will mark 
the beginning new era the study hydraulic-fill dams, which have 
been under heavy cloud the accidents the Calaveras Necaxa 
Dams. 

The writer visited the Gatun Dam 1910, during its construction, and 
recalls the doubts then expressed the Division Engineer, his 


Cons. Engr., New York City. 
Received the Secretary, May 8th, 1922. 


x 
3 


1326 DISCUSSION CORE STUDIES HYDRAULIC-FILL 


tests, whether the core would ever solidify. The exceedingly flat slopes 
that dam made the question the consolidation the core relatively un- 
important. However, would valuable have the Gatun data added 
this discussion. 

1919, the writer inspected the San Pablo Dam, then partly constructed, 
and made some computations various assumptions for John Freeman, 
President, Am. E., who had been consulted with respect the dam. 
more indeterminate problem than these hydraulic-fill dams can not 
imagined. The uncertain factors are: 

(a) Pressure the core, which may anywhere from 0.8 1.6 times 
the pressure water equal depth. 

(b) Coefficient friction the retaining embankments which may 
anything from 0.2 0.8, probably this case nearer the lower 
limit than the higher, particularly for certain decomposing 
argillaceous rock where located below the line saturation. 

(c) Position line saturation down-stream slope, reducing the 
weight the embankment which the coefficient friction 
pressures. 

(d) Level water stream, which affects not only pressures from 
the core, but also weight material, due submergence. 


(e) Proper factor safety which might assumed anything from 
1.5 


indefinite number possible designs can computed with slopes 
from about for the most favorable assumptions, factor 

safety 1.5 about for least favorable assumptions, and factor 
safety Added material beyond these slopes necessary where the core 
the base wider than the embankment the top the core, since, 
this case, part the embankment floated the core. 

Probably other branch hydraulic construction the element 
judgment greater. The need for economy first cost contends strongly with 
the moral and necessity for safety, and the engineer’s position not 
comfortable one, particularly when the physical properties the available 
materials have special elements doubt. 

Only accumulation such observations and records those contained 
the author’s paper will reduce these uncertainties and furnish reliable 
constants for safe design, not mention constants for the more refined de- 
terminations how far will pay waste fines, order reduce core 
pressures and hence able reduce the size embankments. 

Experimental data cores will limited value design unless 
reliable methods classifications core material can devised. Mechanical 
analysis giving the size the grain the only method used thus far and 
probably gives the most important single criterion. Graphs are more easily 
followed than tables analyses and combination graph showing complete 
analyses all core material tested the Miami District and other observers 
would great value. The need such data referred subsequently, 
connection with certain cores. 

Experimental data are also needed the friction embankment material. 
just necessary know the available resistance know the dis- 
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rupting pressures. The San Pablo experiments* made Hawley, 
Am. E., the suggestion Allen Hazen, Am. Soc. E., are 
the only ones known the writer. They were 14-in. cylindrical sections. 
least, some experiments much larger sections, with comparative tests 
small the same material, are needed before placing too much 
faith the experiments. The effect moisture coefficients 
friction another phase requiring tests, and the effect partial suspension 
material water below the line saturation adds the complexity 
the problem. 

The author gives stimulus the discussion begun with earlier paper,t 
the degree coarseness core material required order that consolida- 
tion may proceed promptly enough permit lightened design embank- 
ments. Mr. Hazen suggests effective size 0.01 mm. (that is, 10% 
finer than 0.01 mm.) fine enough insure water-tightness, coarse enough 
drain, and demonstrated San Pablo practically attainable (although, 
the writer’s opinion, with much wastage fines). his paper, Mr. Hazen 
contends that the ordinary cores, which found generally effective 
size about 0.002 mm., not consolidate much the comparatively short 
time during construction. 

Mr. Paul believes the Miami cores have consolidated satisfactorily, 
although much finer than 0.01 mm. concludes that fairly high per- 
centage extremely fine material the core is, not objectionable, provided 
the material properly graded.” 

does not use the water-filtration term, “effective size”, but the analyses 
the Miami cores Table show 22% the average finer than 0.005 
mm., and this probably not far from having 10% finer than 0.002 mm. 
other words, the Miami cores seem about the same fineness 
the 10% point the cores the much discussed Western dams. The author 
mentions analyzing cores these other dams, and this connection the 
graphs showing all the complete analyses that are available are required, 
explained previously. fact, such compilation needed understand the 
author’s conclusion, that proper gradation offset for considerable 
percentage fines. 

The writer has been interested pursuing further, well may 
without complete analyses, the evidence what real difference existed 
between the material the Miami cores and that cores Western dams. 

penetration tests, 6-in., cast-iron ball sank the Calaveras core 
from ft. the maximum and the Miami cores only ft. Similarly, 
pipe, pushed down two men, penetrated ft. Calaveras 
and only ft. However, Mr. Hazen, commenting these 
records, stated his understanding that, the time the great slip, penetra- 
tion the Calaveras Dam was greater than the Miami dams. This evi- 
dence not very conclusive showing differences the core material. 

Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), pp. 1728 and 1818. 
“Hydraulic-Fill Allen Hazen, Am. Soc. E., Transactions, Vol. LXXXIII, 
(1919-20), 1713. 


Proceedings, Am. Soc. E., March, 1922, 457. 
Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), pp. 1797 
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the appearance the exposed cores, those Calaveras and Necaxa 
were firm after they ceased move. Those the Miami dams were firm 
when exposed depths ft. There something peculiar, was stated 
the discussion Mr. Hazen’s paper, previously mentioned, the ap- 
parent dynamic fluidity which comparatively firm substances have when once 
cohesion frictional stability and they begin move. may 
that the Miami cores, started greater depth, might have shown 
mobility the superimposed parts. 

comparative pressures exerted the cores the Calaveras and 
Necaxa Dams and the Miami cores, unfortunately, one reduced entirely 
speculation the case the former two, not having Goldbeck cell records 
the latter case. Mr. Hazen notes* coefficient friction 0.2 for 
the Calaveras embankment, which was pushed out. This assumes the core 
fluid its actual weight. The writer’s figure using similar assump- 
tions was 0.3, evidently showing different section assumed from the records 
the slip. Henny, Am. Soc. E., computed maximum coefficient 
0.7 for the same The writer’s figures for the Necaxa Dam were 
about 0.2 for the theoretical section and 0.6 for the actual worst section, 
described one the constructing engineers. 

From the Goldbeck cell indications, the Miami cores horizontal 
pressures the average such would due fluid weighing about 
(Fig. 6)* lb. (Fig. per cu. ft. the Necaxa core failure 
had exerted greater pressure than these Miami pressures, the coefficient 
friction the worst section would have been 0.3 0.4 and the Calaveras 
coefficient correspondingly 0.15 0.20 (or 0.35 0.50 Mr. Henny’s results). 
seems doubtful failure would have occurred these figures, which argues 
that the pressures the Necaxa and Calaveras cores were probably higher 
than the pressures indicated the Miami cores the Goldbeck cells. 

the other hand, even the Miami cores had exerted pressure equal 
fluid weighing 100 per cu. ft., the embankments would not have been 
breached unless their coefficients friction had been less than about one- 
third, which seems improbable for well-drained gravel. The well-nigh perfect 
control core widths eliminated the Miami dams the greatest element 
the failure other dams. 

Considering the Goldbeck cell indications, may possible learn 
something about them from the internal evidence the 
and studying limits possible errors. Mr. Hazen has suggested that the 
reaction from the small isolated area the cell might carried 
pyramid earth, the case small area tests the bearing value 
soils. This undeniably possible but, has been stated the author, 
would cause the Goldbeck cell indications too high—an error the safe 
side the study core consolidation, and error tending minimum 
the more fluid the core. The ‘small deflection, 0.0001 in., required 
break the electrical contact, favors accuracy; studies soil elasticity would 
bear the question. 


Transactions, Am. Soc. E., Vol. LXXXIII 1728. 
Ibid, pp. 
Proceedings, Am. Soc. E., March, 1922, pp. 464 and 461. 
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The most direct internal evidence the Goldbeck cell indications 
should that relating vertical pressures. These pressures are presumably 
determined the weight rather than the degree solidification the super- 
imposed material, and the weight fairly well known. The writer has converted 
the vertical pressures given the author’s Figs. and into average weights 
per foot superposed wet core matrial, shown Table 


Vertical pressure 
Date. Depth in, shown diagrams, 
pounds per 


Equivalent 
core cubic foot, 
pounds. 


From Fig. Germantown Dam. 


September 10, 1919 
October 23, 104 
November 12, 104 
January 27, 1920 


From Taylorsville Dam. 


July 

November 26, 107 


The results Fig. the Germantown Dam where the trestle installa- 
tion was used, seem erratic, often giving lesser weight per cubic foot 
greater depths, although the average weight should greater the depth 
and the water squeezed out the lower layers—unless drainage 
should complete leave voids unfilled with water, which unthink- 
able. more plausible assume the material supported part 
times the wooden trestle. This trestle, constructed timbers even 
large in. in. (not marked Fig. 4), could take the load 
question. 

The Taylorsville (Fig. results for vertical pressures are more consistent, 
107 per cu. ft. the weight saturated earth having about 56% 
voids. the lower material conceived have 50% voids and weigh 
114 per cu. ft. and the top layers weigh 100 lb. per cu. ft., the average 
weight would about 107 

Similar computations the horizontal pressures show that, whereas those 
Taylorsville (Fig. never reached, any depth, the intensity hydro- 
static pressure, those Germantown (Fig. 4), above the depth where the 
curves turn sharply downward, corresponded with the pressure fluid 
weighing 104 lb. per cu. ft., averaging about lb. greatest depths, 
the pressures Germantown were, curiously, nearly every date just 
little greater than hydrostatic. general terms, the horizontal pressures 
the Germantown Dam were much higher absolute value, and more 
when considered functious the vertical pressures, than those the 
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Taylorsville Dam. They also showed sharper reduction lower depths, 
but even there did not low those Taylorsville. 

These differences could explained assuming (a) the existence 
much more fluid core Germantown (at the trestle) than Taylorsville 
(near the wall); that the pressures greater depths Germantown are 
reduced the trestle; and (c) that the trestle had more effect the hori- 
zontal than the vertical pressures. 

The writer confesses some perplexity resulting from all the considera- 
tions previously given, whether the Germantown core was much dif- 
ferent after all from the Calaveras and Necaxa cores. The question also sug- 
gests itself whether the Goldbeck cells the Taylorsville Dam were placed 
give representative pressures the mass the core; that is, whether 
this core also might have given high horizontal pressures away from the 
concrete wall and wasteway. The writer not disposed doubt the sub- 
stantial accord the Goldbeck cell indications with the actual pressures exist- 
ing the core the place where the cell located. 

The complete mechanical analyses the Calaveras and Necaxa cores, 
available, plotted one scale with those the Miami cores, would throw 
light these questions, but the writer fears that there may still more 
and less easily recognized differences, such those suggested 
studies colloidal suspension (see, for example, the summary this subject 
the Progress Report Special Committee Bearing Value Soils).* 
the future, some one may add little chemical—an electrolyte—to the 
sluicing water and precipitate core material which otherwise would un- 
suitable. Even now, fear some disturbance the colloidal condition might 
well cause distrust small-scale experiments core material. 

There left the question lateral drainage. small percentage 
reduction the core moisture near the critical point probably sufficient 
increase greatly the stability. Might not such reduction take place 
without noticeable wetness the toe the slope? harder conceive 
such moisture going laterally than vertically, either case through thick 
layers fine material? Must not, any case, laterally connect with 
the springs? The pressure superimposed material steepens the hydraulic 
gradient well for lateral for vertical escape water. Impervious, clayey 
embankments would retard prevent lateral escape. The San Pablo tests, 
showing flow through perforated casing pipes into test borings, are hard 
harmonize with the idea lateral drainage. true that the velocity 
drainage water would have increased greatly concentrate the boring 
and through the still smaller slotted areas. The difficulty getting water 
well strainers fine sand one often experienced. With core material, 
which several degrees finer sand, practically complete plugging 
might conceived against flow, but hard explain well standing 
empty for weeks. 

All the arguments for the efficacy lateral drainage tend contradict 
the previous suggestions that high horizontal pressures may have persisted 
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the Germantown Dam and perhaps the Taylorsville Dam away from the 
wall; for conditions favoring horizontal drainage were ideal the Miami 
dams. There still much learn about the drainage question. 

The writer will await with much interest the author’s experienced judg- 
ment and data the various academic questions raised. The author and his 
colleagues the Miami Conservancy work are congratulated their 
skillful design and construction and thanked for taking the first steps and 
pointing the way the accumulation real data core pressures. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Acting Secretary prior the final publication. 


ELBRIDGE HARLOW BECKLER, Am. Soc. E.* 


Diep 26TH, 1908. 


Elbridge Harlow Beckler was born Boston, Mass., October 16th, 1854. 
was graduated from the Maine State College Agriculture and Mechanic 
Arts Orono, Me., August, 1876, with the degree Civil Engineer. Pre- 
vious entering college, had completed course Maine Wesleyan 
Seminary, Kents Hill, Me., where special attention and some 
experience surveying, enabled him complete the four-year engineering 
course two years. 

1877, having spent few months teaching, Mr. Beckler went Minne- 
sota engage railway construction, but business conditions that time 
were unfavorable, was compelled take other work—teaching, farming, 
surveying, and map-making—during the next two years. 

From May 17th December 24th, 1879, served Transitman loca- 
tion, and Assistant Engineer construction, the St. Paul, Minneapolis, 
and Manitoba Railway, between Fergus Falls and Barnesville, Minn. From 
March 15th July 1st, 1880, was employed Transitman location, 
the Yellowstone Division, for the Northern Pacific Railroad, and from July 
1880, January 5th, 1881, was Assistant Engineer charge party 
location, for the same Company. 

Mr. Beckler was engaged Assistant Engineer Location the Rocky 
Mountain Division the Northern Pacific Railroad, from March 15th, 1881, 
February, 1882, and from the latter date until January 24th, 1884, was 
Resident Engineer Construction. This work covered miles and included 
the Bozeman Tunnel, 610 ft. long. 

From April 1st September 1st, 1884, Mr. Beckler served Division 
Engineer the Canadian Pacific Railway, along Kicking Horse River, the 
western slope the Rocky Mountains. This work included few miles 
grading and the construction several wooden bridges. From September, 
1884, until January, 1886, was Resident Engineer Construction the 
St. Louis River Bridge, for the Northern Pacific Railroad, between Duluth 
and West Superior, Minn. 

January 6th, 1886, Mr. Beckler was appointed Resident Engineer 
Location and Construction for the Montana Central Railway, which posi- 
tion held until December, 1886, when was made Assistant Chief Engi- 
serving such until November, 1887. This was the beginning the 
Great Northern Extension the Pacific Coast. 1889, became Chief 
Engineer, charge the entire work from Central Montana Puget Sound. 


Memoir compiled from information file the Headquarters the Society. 
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addition record for efficiency the accomplishment 
this work, which has seldom been equalled, route through the 
main range the Rocky Mountains, with lower gradients than any other 
transcontinental line. The location for most the distance was through 
unexplored and mountainous country, making the problem exceedingly 
difficult, but the entire distance 818 miles was completed little more 
than two years from the time construction work was inaugurated. 

1893, Mr. Beckler moved Chicago, where was engaged 
Consulting Engineer many projects, among which was the construction 
narrow-gauge railway Arizona for the United Verde Copper Company. 

From 1895 until 1902, was the service Winston Brothers, Con- 
tractors, and March 1902, the time the organization the 
Company Corporation, became Stockholder and Director. 

died suddenly cerebral hemorrhage August 26th, 1908, the West 
Portal Camp the St. Paul Pass Tunnel, Shoshone County, Idaho, where 
was engaged work connection with the Coast Extension the 
Chicago, Milwaukee, and St. Paul Railway. 

Mr. Beckler was married 1880 Miss Mera Rogers, Richmond, Me., 
who, with two daughters, survives him. 

was man great energy and high ideals, sympathetic, and considerate. 
was Honorary Member the Montana Society Civil Engineers and 
member the Western Society Engineers. 

Mr. Beckler was elected Member the American Society Civil 
Engineers April 6th, 1892. 


FRANK EDWARD BISSELL, Am. Soe. E.* 


Diep 25TH, 1922. 


Frank Edward Bissell, the son Thelus Martin Bissell and Ellen Roxana 
(Stedman) Bissell, was born Rootstown, Ohio, August 21st, 1855. 

grew South Bend, Ind., his boyhood home, and was prepared for 
college its High School. 1874, entered Cornell University, taking the 
course Civil Engineering, and was graduated 1878, with the degree 
returned Cornell for one year additional study and, 
1879, took the advanced degree undergraduate, acquired 
high standing his classes and was named the late Dean Fuertes, 
Am. Soe. E., Computer for the survey work his Senior year—the 
second highest honor. was active member the Zeta Psi Fraternity. 

Immediately his final graduation June, 1879, Mr. Bissell was 
employed the Engineer Corps Rodman construction work for 
the Missouri River Atchison, Kans. was made, successively, Instru- 
mentman and Acting Assistant, and finished this work December, 1879. 

1880, joined the forces the late Jay Gould, what afterward 
became the latter’s Southwest System railroads, with headquarters 
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Fort Worth, Tex. For three years, Mr. Bissell served Draftsman, Assistant 
Engineer, and Chief Draftsman. these positions, showed himself 
systematic, tireless, keen perception and invaluable office man, and these 
traits never lost. afterward became Resident Engineer maintenance 
the Missouri, Kansas, and Texas Division the Gould lines, and during 
the next three years was engaged construction work. From 1885 1888, 
was engaged the location and construction the greater part the 
Fort Worth and Denver City Railway, about 350 miles, under the late Gen. 
Grenville Dodge, Hon. Am. Soe. E., who was then President that 
railway. was pioneer work, and Mr. Bissell won the highest confidence 
Gen. Dodge. had good business qualities; seldom forgot; never 
hesitated; always worked; was square, and his honesty was never once 
question. 

From 1888 1891, his work was the Operating Department the road 
had built—soon afterward controlled the Union Company—as 
Superintendent and Chief Engineer Construction. 

During the following six years, Mr. Bissell was engaged Engineer for 
Industries, Superintendent, and Valuation Expert for various companies 
the West and Southwest until 1897, which time was appointed Engineer 
for the Receiver the Wheeling and Lake Erie Railroad, Cleveland, Ohio, 
where remained until 1900, having been engaged maintenance work 
and valuation work various lines under contemplation purchase 
that Company. 

1900, the instance the late Gen. Dodge, resigned accept 
the position Chief Engineer the Arkansas Northern Railway—a line 
considerable magnitude which never passed the preliminary stage. Mr. Bissell 
then took part, Field Inspector, the first State valuation railroads 
the United States, namely, that the State Michigan, under Dean 
Cooley, Am. E., the University Michigan. 

1901, became First Assistant Engineer the Lake Shore and 
Michigan Southern Railway, and during the ensuing six years, did 
important work Staff Officer and also completed the location and built 
the “Low Grade”, line from Ashtabula Youngstown, Ohio, the Franklin 
and Clearfield, and commenced the Cleveland Short Line, around the City 
Cleveland, Ohio. 

the inception the valuation railroads the United States the 
Federal Government, Mr. Bissell was made Senior Assistant Civil Engineer 
the Central District, with office Chattanooga, Tenn., charge all the 
field parties civil engineering work. This work required about six years, 
and its completion, returned Cleveland, where his family had con- 
tinued reside. then became Chief Engineer Contracting Company, 
which position retained until seized with his fatal illness. This seemingly 
unimportant attack was the first illness could recollect, and his death 
February 25th, 1922, was unexpected. 

was married April 21st, 1886, Mayer Smith, Detroit, Mich., 
who, with their son, Howard Mayer, survives him. 
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Mr. Bissell was member the American Railway Engineering Associa- 
tion, the American Association Engineers, and the Cleveland Engineering 
Society, having been member the Board Direction the latter the 
time his death. was Thirty-second Degree, Rite Mason, 
Knight Templar, and Noble the Mystic Shrine. 

Mr. Bissell was engineer unusual natural ability. had had 
opportunities learning railroading from its masters certain pioneer 
branches, and had profited these experiences. was worker, 
thinker, and earnest all did. Honesty was him inborn; hated 
sham, and was diplomat. made some enemies, which fact had hindered 
him times; but made his mark American railroads, and that can never 
effaced. 

Mr. Bissell was elected Junior the American Society Civil Engineers 
April 2d, 1884, and Member September 2d, 1891. 


WILLIAM HENRY BOOTH, Am. E.* 


Diep 1921. 


William Henry Booth was born Rochdale, Lancashire, England, 
September 30th, 1854. was educated Rochdale Grammar School and 
Owen’s College, Manchester (now the Victoria University), and was ap- 
prenticed Messrs. John Petrie and Company, Ironfounders, Rochdale. 

1877, Mr. Booth went New Zealand and thence Sydney, New South 
Wales, where was employed the Locomotive Works the State Rail- 
ways until June, 1880. then returned England, and for the next three 
years was engaged with the Manchester Steam Users Association, pioneer 
body, the United Kingdom, the systematic inspection and insurance 
steam boilers and engines. was afterward partner contracting firm 
which built the sewage outfall tunnel Rochdale, and sea outfall sluice 
Gibralter Point Lincolnshire. 

1887, Mr. Booth went New York City, but returned England 
1889. 1907, again visited New York connection with the utiliza- 
tion blast-furnace gas. 

After assisting with the preliminary engineering work subway 
the west London, which scheme failed obtain Parliamentary sanction, 
accepted appointment with Messrs. Legrand and Sutcliffe, the well 
known Well and Water Engineers. This engagement gave scope to, and 
enabled him enlarge, his knowledge the geology England, which 
subject had remarkably detailed information. particularly studied 
water-bearing strata, and could give opinion the probability the 
success well-boring, and the depth which water would found, any 
locality, with great About 1899, and for about three years follow- 
ing, was member the Engineering Staff the British Trac- 
tion Company, mainly engayed power-house design, but owing the wide 
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range his professional knowledge, his work with that Company included 
many other subjects. 

the early years Twentieth Century, Mr. Booth took the leading part 
exploration the hinterland Venezuela, via the River Orinoco, the 
territory covered, being prospected for mining and general commercial pur- 
poses. this expedition has not been successful, because difficulties 
the way commerce, which may generally described political. When 
the time comes, his report this journey should great value. 

Mr. Booth was man wide knowledge. could not fairly de- 
scribed specialist any one branch Engineering, because such 
description altogether too narrow. had the knowledge and vision which 
enabled him see how any engineering question was related others, and 
hence exercise fully informed judgment which took account all the 
relevant circumstances. was, therefore, all-round expert, from whom 
one could rely obtaining scheme for anything studied, which took 
account all the conditions, giving proper weight each. 

Mr. Booth’s connection with engineering journalism was long one, his 
first article appearing the English Mechanic 1876. was the staff 
the Mechanical World from 1881 1887, for four years Editor. For 
many years, contributed the Railroad Gazette and the American 
Machinist. was the editorial staff the Review (London) 
for number years. 

devoted great deal study the economical utilization fuel, 
smoke prevention, the construction furnaces, especially for steam boilers, 
and chimneys. was much interested fuel economy, and advocated 
methods for attaining that end, much advance contemporary practice, 
which methods are now recognized standard. 

His last professional work was done charge the water supply the 
great motor-car repair depot Slough, where had the satisfaction 
sinking deep well which struck water-bearing strata within few inches 
the depth which had estimated. 

Mr. Booth was Fellow the Geological Society, London. 
especially connection with water supply, was the subject which per- 
haps took the greatest interest, and was most widely known expert. 

published several books, among which are the following: “Liquid Fuel 
and Its Combustion”, “Liquid Fuel Apparatus”, “Smoke Prevention and Fuel 
Economy”, “Superheat and and “Steam Pipes”. was 
contributor Kempe’s “Engineers’ Year Book” from its earliest issue, and 
the 1921 edition contains articles from him on—Steam Engines and Boilers; 
Properties Gases; Pumps; Cotton Mills; Water Softening; and Well Sink- 
ing. also contributed numerous papers and lectures English 
engineering societies. 

Mr. Booth was married 1877, and survived his widow, two sons, 
and one daughter. was truly lovable man, the most loyal 
and the most chivalrous opponents. 

Mr. Booth was elected Member the American Society 
Engineers July 4th, 1888. 
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HARRY DEAN BUSH, Am. Soe. E.* 


1922. 


Harry Dean Bush, the son Austin Ballou and Susan (Millard) Bush, 
was born April 2d, 1857, Springfield, Mass., and was descended both 
sides from old Massachusetts families Colonial distinction. received 
his preparatory education the elementary and High Schools his native 
city. Later, attended the Worcester Polytechnic Institute, from which 
was graduated with honor, 1879, ranking second his class, with the 
degree Bachelor of. Science. 

Mr. Bush entered his career civil engineer the old Hawkins 
Bridge Works Springfield, Mass., and became, the end two years, 
Bridge Engineer for the Northern Pacific Railroad- Company, with head- 
quarters Portland, Ore. After four years Portland, was, for one year, 
Assistant Engineer the office the late George Morison, Past-President, 
Am. E., New York City, and, for three years, Superintendent 
the Bridge Shops the Dominion Bridge Company, Limited, Montreal, 
Que., Canada. 

After terminating his connection with the Dominion Bridge Company, Mr. 
Bush spent year travel and study Europe, and his return was 
again associated, for two years, with Mr. Morison, New York City. 
then went again Portland, Ore., where, for three years, was Engineer 
and Superintendent for the contractors who constructed the Bull Run Pipe 
Line, miles long, for the Portland City Water-Works System, and the steel 
gates for the Cascade Locks, Columbia River, the largest ever built previous 
those for the Panama Canal. 

Mr. Bush then became Contractor for the pipe line for the Water-Works 
System New Bedford, Mass., and, 1899, after absence ten years, 
returned the Dominion Bridge Company Engineer charge the erec- 
tion bridges. this capacity, had charge the erection the Royal 
Alexandra Bridge, across the Ottawa River, Ottawa, Ont., Canada. 
presented paper before the Canadian Society Civil Engineers the 
construction this bridge, for which was awarded the Czowski Silver 
Medal, annual prize given the writer the paper article the highest 
merit some phase engineering. 

1903, Mr. Bush went Baltimore, Md., and became Vice-President 
and Manager the Baltimore Bridge Company, then recently organized. 
was through his untiring energy and devotion that this Company soon ac- 
quired well-deserved reputation the highest standard, furnishing steel 
bridges and buildings for the Baltimore and Ohio and other railroads, the 
notable steel arch bridge over the spillway the Croton Dam for the New 
York City Aqueduct Commission, and much work for export, including all 
the bridges the Guatemala Railway System, bridges Costa Rica, sugar- 
mills Cuba, and several important contracts for the Isthmian Canal Com- 
mission. was largely result his work that the Baltimore Bridge 
Company was acquired the Carnegie Steel Company about 1912, and, 
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consequence this new connection, the scope the plant was greatly en- 
larged under his continued management. 

the spring 1911, new industry was brought Baltimore from 
Newark, This new company was known the Tube Bending and 
Polishing Machine Company and was backed financially Mr. Miner 
Keith New York City, the President and owner the Baltimore Bridge 
Company. Mr. Bush became President this new company well 
the Compressed Copper Company, subsidiary organization. The Tube Bend- 
ing and Polishing Machine Company was re-organized later into the Balti- 
more Tube Company, Incorporated. 

Mr. Bush died March 15th, 1922, his home Baltimore, Md., and 
survived his widow, Mrs. Frances Dent Bush. 

Mr. Bush was married (first) Emma Witherbee, Gardner, Mass., 
who was well known for her musical ability. Mrs. Bush died 1907, and 
1909, Mr. Bush was married Frances (Dent) the daughter 
Thomas Dent, St. Mary’s County, Maryland. 

Mr. Bush was engineer high standing and business man 
mean ability. Physically, was compactly and strongly built, vigorous 
and alert bearing, kindly countenance, and affable manners. genial dis- 
position, was popular socially and had large circle friends. was 
pre-eminently friend men, especially young men, and was actively 
interested the Young Men’s Christian Association. was man 
sterling qualities, whose word was good his bond. has been said 
him that never missed engagement and was never late appoint- 
ment. Democrat politics, took lively interest all matters con- 
cerning the public welfare. 

His special tastes were for Science and Mathematics. Mr. Bush was always 
great reader and, the course his life, collected large library 
essays, romance, poetry, and the drama. His home reading was chiefly cut- 
side the field his work. was also lover music and culture. 

Liberal his views and true the traditions his family, his church 
was always with the Universalists Unitarians. During the last 
few years Walt Whitman’s life, Mr. Bush was one his supporters and 
attended several the birthday dinners given the “Good Gray Poet”, in- 
cluding the one made famous the debate between Whitman and Ingersoll 
“Immortality.” 

Mr. Bush was member the Engineering Canada, the Engi- 
neers’ and Whitehall Clubs New York City, and the Baltimore Athletic Club. 

Mr. Bush was elected Member the American Society Civil Engi- 
neers May 2d, 1888. 


FRANK HUDSON CLEMENT, Am. Soc. E.* 
Diep 18TH, 1922. 


Frank Hudson Clement was born Philadelphia, Pa., 1853, 
Quaker stock. was educated the schools that city, having been 
graduated from the Lincoln Grammar School. 
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From 1869 1874, Mr. Clement started his long and successful career 
employee with Naylor and Company Philadelphia, manufacturers 
iron and steel. 

1874, studied the practical end Civil Engineering and Surveying 
with Hudson Shedaker, and October that year, entered the employ 
the Pennsylvania Railroad, where remained until January, 1878. 

During 1876 and 1877, under Assistant Engineer Ziegler, the late 
Stacy Opdyke, Am. Soc. E., and others, Mr. Clement was 
engaged the construction the stockyards Philadelphia and the 
West Philadelphia Depot, and, 1877, was charge the construction 
the Pittsburgh Depot. 

Early 1878, joined the ill-fated expedition the Madeira and 
Mamoré Railway Company Brazil. This expedition was the result 
contract made Messrs. Philip and Thomas Collins, for the construction 
railroad around the falls and rapids the Madeira and Mamoré Rivers. 
The party was composed men, all whom, later years, became prominent 
various walks life. The expedition failed, owing lack sanitation 
and inability transport supplies. 

Early 1879, Mr. Clement entered the service the Northern Pacific 
Railway Company Assistant Engineer and Engineer the Vice-President, 
and, 1880, was Topographical Engineer, under Col. Dodge, surveys 
for the Missouri and Yellowstone Divisions. 

_In 1881, was engaged Engineer charge surveys and locations 
the Mexican National Railway, and Division Engineer completion 
the Toluca Division. returned the United States 1882, Division 
Engineer the South Penn Railroad, spending four years surveys, loca- 
tion, and construction. 

Later, Mr. Clement returned the East and, having entered the con- 
struction business his own account, built part the New York Aqueduct. 
the completion this work, went Cuba with the Cerebro Company 
take entire charge its mines, after which, returning the United 
States, contracted build miles railroad Maryland. 

1890, formed partnership with Mr. John Rogers, New York 
City, build the first Niagara Falls Tunnel for the Niagara Falls Power 
Company. 

Mr. Clement was also associated partner, with Mr. Charles King, 
under the firm name Clement, King, and Company, and after Mr. King’s 
death, continued the business under the name Clement and 
Company. Until 1906, Mr. Clement and his associates undertook and com- 
pleted work costing many millions dollars. worthy note this 
time that the contractors for the Madeira and Mamoré Railroad evidently 
recognized his ability, they were associated with him all the larger 
projects. 

Mr. Clement and his associates specialized heavy railroad construc- 
tion, that to-day the Mt. Airy and Sand Patch Tunnels the Baltimore 
and Ohio Railroad, the Galitzin and Baltimore Tunnels the Pennsylvania 
Railroad, the New York Central (Beech Creek), into Pa., and the 


q 
a 
= 


Memoirs. MEMOIR WILLIAM TYNDALE JENNINGS 1341 


Petersburg Cut-off the Pennsylvania Railroad, are monuments his 
ability. 

From 1910 until year previous his death, Mr. Clement was engaged 
industrial work, principally for the Bethlehem Steel Corporation Bethle- 
hem, Pa., Steelton, Pa., and Sparrows Point, Md., contributing the great 
expansion that Corporation’s plant. During the World War, built for 
the same firm shell-loading plant Mays Landing, 

Mr. Clement’s long and prominent career result elementary 
training, the overcoming seemingly insurmountable difficulties, which, 
after years, made the detail his organization and work simple matter. 
One his chief characteristics was his ability make and retain friends. 
For thirty-one consecutive years, his Port-Au-Peck Clambake, were gathered 
his guests, intimate friends, the highest exponents many professions and 
activities, 

1885, Mr. Clement was married Anna Louise Dietz, who survives 
him. 

The character the man indicated his social, fraternal, military, 
civie, and technical affiliations. His clubs were the Castine Golf Club, 
Maine; Royal Societies Club, London, England; Huddersfield Fish and 
Game Club, Canada; Engineers Club New York; Engineers Club 
Philadelphia, Pa.; Art Club, Philadelphia; New York Club; 
National Republican Club, New York City; Bethlehem Club, Bethlehem, 
Pa.; Garden City Club, Long Island; and the American Cornish Club, 
Utiea, 

was member Everett Lodge and No. 524, Everett, Pa.; 
Bedford Royal Arch Chapter No. 225, Bedford, Pa.; and the Masonic 
Veterans, New York City. also belonged the following military 
organizations: New Jersey State Rifle Association, Sea Girt, J.; Old 
Guard, City New York; First Regiment (Veteran Corps) P., and 
Old Guard, Co. and First Regiment, P., Philadelphia, Pa. 

was also member the following civic organizations: Madeira- 
Mamoré Association, Williamsport, Pa.; Society Friendly Sons St. 
Patrick; and the Contractors Association, of. Philadelphia; well the 
following engineering societies: American Institute Mining Engineers, 
Franklin Institute, Verein Deutscher Eisenhuttenleute, and the American 
Concrete Institute. 

Mr. Clement was elected Member the American Society Civil 
Engineers November 1862. 


WILLIAM TYNDALE JENNINGS, Am. Soc. E.* 


4TH, 1906. 


William Tyndale Jennings was born Toronto, Ont., Canada, May 
19th, 1846. received his education the Model Grammar School and 
the Upper Canada College Toronto. 


Memoir prepared James Kennedy, Am. Soc. 
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Mr. Jennings began his engineering work 1869 Assistant drainage 
improvements the Crown Lands Ontario, under the late Moles- 
worth, Engineer with the Ontario Government. 

1870, entered the service the Great Western Railway was 
engaged surveying, location, and construction work until 1873, when 
was appointed Resident Engineer Construction the Air Line Division 
that road. Later, was appointed Resident Engineer the London and 
Port Stanley Railway Company and the Welland Railway Company. 

1875, Mr. Jennings was made Locating Engineer the British Colum- 
bia Section the Canadian Railway, which capacity, and addi- 
tion other work, located the present line that railway through the 
canyons the Fraser River. 1879, was made District Engineer the 
construction “Section the Canadian Pacific Railway, from Rat 
Portage Eagle River, with headquarters Rat Portage, Ont. the 
completion this work, Mr. Jennings returned British Columbia 
Superintending Engineer that Section for the Dominion Government. 

1883, after year the East, Mr. Jennings returned British 
Columbia Chief Engineer and Acting Manager the Construction Com- 
pany charge work 350 miles that Section, east from the Pacific 
Coast, with headquarters Yale, 

1885, was appointed Chief Engineer the Detroit Extension the 
Canadian Railway, comprising the section between Woodstock and 
Windsor, Ont. the completion this work which included the construc- 
tion the Toronto Wharves from Yonge Street westward, Mr. Jennings was 
made City Engineer Toronto, which position held for one year. During 
this time, re-organized the Engineer Department effecting many municipal 
improvements, among which were the Sherburne Street Bridge and the King 
Street Subway. 

1891, opened office Toronto and began private practice 
Consulting Engineer. Chief Engineer, from 1892 1895, located the 
line the “Crow’s Nest” Railway. also had charge many large projects, 
among which may mentioned the construction electric railway lines, 
examinations relative the opening vast areas country the north 
and west, for the Canadian Government, and the navigability various 
rivers. continued his private practice until his death October 4th, 1906. 

Mr. Jennings was member the Institution Civil Engineers Great 
Britain, the British Association for the Advancement Science, the Im- 
perial Institute, and the Canadian Society Civil Engineers, which 
was President 1899. served for several years Examiner Civil 
Engineering subjects for the University Toronto and was always enthusiastic 
for the advancement engineering education. 

was married 1876 Miss McKay, daughter the Registrar the 
County Elgin, who died 1887. was survived one son, Gordon 
Jennings. 

Mr. Jennings was elected Member the American Society Civil 
Engineers April 2d, 1884. 
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JOHN RICHARD SAVAGE, Am. Soc. E.* 


Diep 25TH, 1922. 


John Richard Savage was born Philadelphia, Pa., April 17th, 1869. 
was graduated from the University Pennsylvania 1889, receiving 
degrees Bachelor Science and Civil Engineer. 

May, 1889, Mr. Savage entered the employ the Pennsylvania Rail- 
road Rodman and Levelman the Chief Engineer’s Department, where 
served until October, 1890, resigning accept position under Capt. 
Symons, Corps Engineers, A., with headquarters Portland, Ore. 

Mr. Savage continued the service the Government, Assistant Engi- 
neer until May, 1895, during which period had charge reconnaissances, 
surveys, and harbor improvements the Puget Sound country. 
May, 1895, was appointed Engineer the Seattle and Lake Washington 
Company, corporation the plans which, connection with the reclamation 
tidal lands adjoining Seattle, Wash., and the cutting canal from Puget 
Sound Lake Washington, contemplated the present development. 

August, 1897, Mr. Savage again entered the employ the Pennsyl- 
vania Railroad, under the Engineer Branch Lines, and was engaged the 
construction the Norfolk and Portsmouth Belt Line Railroad, piers 
Norfolk, Va., and part the Southwest Pennsylvania Railroad extension 
Fayette County, Pennsylvania. 1899, the close the Spanish- 
American War, the Federal Government appealed the Pennsylvania Rail- 
road for engineer complete the construction railroads and docks 
the environs Havana, Cuba, and Mr. Savage was selected for this task. 

From October, 1900, July, 1901, was engaged making surveys for 
proposed railroad through Lebanon Valley from Cornwall Highspire, Pa., 
new outlet for the Cornwall ore banks. August, 1901, entered the 
employ the Lackawanna Iron and Steel Company, later known the 
Lackawanna Steel Company, and continued with that firm during the con- 
struction the new plant Buffalo, Y., holding the positions Super- 
intendent, Assistant the Vice-President, and Assistant General Superin- 
tendent. 

April 1904, Mr. Savage was appointed Chief Engineer the Long 
Island Railroad and from that date until October, 1917, was direct charge 
the large and diversified engineering and construction projects Long 
Island, the most important being the Jamaica Improvement, which was 
extended elimination grade crossings, and the construction the most 
intensive passenger transfer facilities the United States, all accomplished 
during train operation, the grade-crossing elimination and revision the 
main line, connecting this Transfer Station with Sunnyside Yard the Penn- 
sylvania Terminal, and the changes grade through Flushing. October 
Ist, 1917, was appointed General Manager the Long Island Railroad 
Col. James McCrea who went France with the American 
Expeditionary Forces. 
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During the period Federal control, Mr. Savage was General Manager 
the Long Island Railroad, under Mr. Ralph Peters, Federal Manager. With 
the re-organization, March 1st, 1920, the end Federal control, the posi- 
tion General Manager was abolished, and Mr. Savage was made General 
Superintendent with practically the same duties. 

Mr. Savage was married June 7th, 1904, Miss Elspeth Mona Murray 
who, with three children, survives him. 

Mr. Savage’s military and gentlemanly personality appealed all who 
knew him. His outstanding characteristic was that minute attention and 
interest the details design, construction, operation, and accounting. 
was endowed with the faculty for thorough investigation and analysis and 
clear, concise, and careful expression conclusions. His untiring devotion 
his duties, his ever listening ear, his personal interest adviser all 
members his staff, make his loss the more pronounced professionally 
engineer and humanly man. 

few men railroad life was given hold the respect and affection 
his fellow officials, well that the employees generally, the degree 
enjoyed Mr. Savage. with kindly disposition, coupled with 
broad and philosophical view life, was equipped handle big problems 
successfully and win the ardent co-operation the men with whom 
worked loyally. 

Mr. Savage was member the following clubs and technical associations: 
Garden City Club and Cherry Valley Club, Garden City, Y.; Huddersfield 
Fish and Game Club, Canada; University Pennsylvania Club New York; 
Psi Upsilon Fraternity; Engineering Alumni Society the University 
Pennsylvania; General Managers’ Association New York; and the American 
Railway Engineering Association. 

Mr. Savage was elected Member the American Society Civil Engi- 
neers June 7th, 1905. 


HORACE EDWARD STEVENS, Am. E.* 
1922. 


Horace Edward Stevens was born Underhill, Vt., December 14th, 
1848, his father, Luther Stevens, coming from Wellesley, Mass., and his 
mother, Mary Catlin, from Burlington, Vt. His early days were spent 
farm and about small saw-mill operated his father the foot 
Mount Mansfield his native State. 1862, his parents moved Bur- 
lington, order give their children (three sons and three daughters) the 
better educational advantages which that city afforded. was graduated 
from the Burlington High School 1866, and the fall that year entered 
the Engineering Department the University Vermont, from which, with 
Henry Douglas, was graduated 1870. They were the first receive 
the degree Civil Engineer from that institution. Like many other boys 
those days, Mr. Stevens worked his way through the University, earning 
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his board and lodging doing chores about the home his landlady, and 
his spending money during vacation periods teaching school. 

September, 1870, went St. Paul, Minn., and secured position 
the Engineering Corps the Northern Pacific Railway Company, remaining 
until October, 1873. During 1870 and 1871, was the location and con- 
struction the lines that railway between Northern Pacific Junction (now 
Carleton) and Moorhead, Minn. The following year, and the early part 
his work took him along the lines that road, through what was then 
the Territory Dakota, the Missouri River. March, while camp 
the James River, was ordered, with party six men and teams, drive 
with the greatest speed across country the projected crossing the Mis- 
souri, stake out claims and secure “squatters’ rights,” for the benefit 
the Railroad Company, before the arrival party land speculators, 
already their way. The race was hard one, through snow and blizzards 
for seven days, first, one party forging ahead, then the other—both arriving 
the site the proposed crossing the early morning April the 
engineers foot, their horses worn out and their conveyances abandoned. 
the gray the dawn three them drove the claim stakes, while the others, 
with rifles hand, held the “enemy” bay. These stakes marked the be- 
ginning Bismarck, the capital city North Dakota. 

June, Mr. Stevens was transferred expedition detailed 
make survey west the Missouri River. The engineering party con- 
sisted Gen. Thomas Rosser, charge; Eckelson, Reconnaissance 
Engineer; Montgomery Meigs, Am. Soc. (later, Engineer 
Keokuk, Iowa), third charge; Hubert Reed, Transitman; Stevens, 
Head Leveler; Winston, Second Leveler; and Winston, Third 
Leveler. detachment Government troops under Gen. Stanley, consisting 
about 900 Infantrymen, about 800 the Seventh Cavalry under Col. (later, 
Gen.) Custer, 100 Indian scouts, and supply train, accompanied them. 

Starting from Fort Abraham Lincoln, across the river from Bismarck, 
the party went westward, following closely the subsequently located line 
the Northern Pacific Railway, the confluence Cedar River with the Yel- 
lowstone, about miles above the present site Glendive, Mont. Crossing 
the Yellowstone, they continued westward Pompey’s Pillar; thence, north- 
erly, across the Divide the Musselshell, and down that stream; thence, east- 
ward, the Yellowstone, crossing near Cedar River, and back Fort 
Lincoln, having made average progress about miles per day com- 
pleted survey, with maximum miles. The news the failure Jay 
Cook and Company, the financiers and backers the Northern Pacific, which 
attended the 1873, threw the members the party into state 
mind which was only relieved their arrival the headquarters the Rail- 
road Company, Brainerd, Minn., where, their great relief, they found 
salary checks full awaiting them for their season’s services. 

From 1881, Mr. Stevens was the employ the United States 
River and Harbor Department. His first work was connection the 
preservation St. Anthony Falls Minneapolis, Minn., where tunnel was 
constructed from bank bank under the crest the cataract, which later 
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was filled with concrete, thus preventing the disintegration the soft 
stone bed the Mississippi that point and halting the recession the 
Falls. Later, made surveys the Mississippi River between Grand Rapids 
and St. Cloud, Minn., the Yellowstone from its mouth near Miles City, 
Mont., and the Missouri from Bismarck point near Helena, 
was camp with party Cow Island the Missouri River, 
Judith, Mont., when, 1877, Chief Joseph and his band Nez 
Indians, the warpath, crossed that stream. Neither party knew the 
presence the other, and one was molested. 

1882 and 1883, Mr. Stevens became interested and was employed 
Robinson and Cary, dealers machinery and contractors’ supplies, 
St. Paul, Minn. During 1884 and 1885, did his first contract work—a section 
the aqueduct for the St. Paul Water-Works, and some Government harbor 
work the Mississippi Stockholm, Wis. 

1886, became Superintendent for Shepard, Siems, and Company, 
the construction the Great Northern Railway between Devil’s Lake and 
Minot, Dak. 1887 and 1888, was employed Superintendent Con- 
struction the “Soo” Line, near Escanaba, Mich., for Henry and Balch. 
From 1889 1893, built reservoir and gas tank Duluth, Minn., 
well sewer, water-works, and the London Road Lakeside, that city. 
1894 and 1895, was Water Commissioner the City St. Paul, and, 
1896, constructed water-works Superior, Wis., and Brainerd, Minn. 
During 1897, was President the Water-Works Company Bozeman, 
Mont. 

the early part 1898, was selected the late Lyman Cooley, 
engineers and contractors over the proposed Nicaragua Canal route for 
the purpose investigating and determining the possibilities and structural 
feasibility that project. They left New York City, January, going 
first Panama, where the French were still operating, thence Nicaragua, 
where they traversed the line the proposed canal across that country 
the Pacific. 

1898, began his association with Winston Brothers, Contractors, 
Minneapolis, Minn. During that year and the one following, was 
charge for that Company grade revision the Northern Rail- 
way between Jamestown and Bismarck, Dak.; 1900, construction 
the Cleveland, Lorraine and Wheeling Railway, between Elkhart and Grafton, 
and between Elyria and Lorraine, Ohio; and, 1901, grading and yard 
improvements the Chicago and North Western Railway, South Omaha, 
Nebr. When Winston Brothers incorporated 1902, Winston Brothers 
Company, Mr. Stevens became Stockholder and Director, and from 1914 
1920, was Vice-President the Corporation. addition other services 
for that Company, had charge additional work the Cleveland, Lor- 
raine and Wheeling, between Columbia and Navarre, and between Canal 
Dover and Uhrichsville, Ohio; track depression Milwaukee, Wis., and 
short line through Sheboygan, Wis., the Chicago and North Western; con- 
struction the Indiana Harbor Railway, between St. John and Kentland, 
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Ind.; and change line the Chicago, St. Paul, Minneapolis and Omaha 
Railway between Minneopa and Lake Crystal, Minn. also had much 
do, from 1907 1909, the reconstruction the Northern Pacific between 
Garrison and Missoula, and portion the new Coast Line 
the Milwaukee and St. Paul Railway, Montana, and, later, 
portion the new line the Chicago and North Western between 
and Milwaukee, Wis. 

had been failing health for ten months previous his death which 
February 14th, 1922, his home St. Paul, Minn. 

Mr. Stevens was married December 12th, 1893, Mrs. Arm- 
strong St. Paul, who died 1912. was member the Chicago 
Engineers’ Club, the Engineers’ Society St. Paul, and, during 1919, 
was President the Minnesota Joint Engineering Board. 

was interested and well informed many lines thought out- 
side his profession, had traveled extensively Europe and the Orient, 
well his own country, and kept touch with the progress events and 
developments the world large. was extremely careful and pains- 
taking whatever undertook and, although was time his work, 
estimated thoroughness and accuracy greater importance than speed. 

was known his business associates man sterling character, 
the highest integrity, pleasing personality, and excellent business 
judgment. Although his tendency, due largely heredity and early environ- 
ment, was the direction extreme conservatism, Mr. Stevens was one 
who had assimilated the “association idea”, and who could and did sub- 
merge his individual opimion business matters the composite conclusions 
the group his co-workers. 

was, however, unusually self-contained and reserved, which charac- 
teristics resulted his having few intimates. Those who were admitted 
terms intimate friendship recognized that intimacy fine privilege, 
source pleasure and profit, through which “he, being dead, yet speaketh.” 

Mr. Stevens was elected Junior the American Society Civil Engi- 
neers November 1876, and Member April 4th, 1888. 


JOSEPH WOOD, Am. Soc. E.* 


Diep Marcu 1922. 


Joseph Wood, the son Isaac and Elizabeth (Cooper) Wood, was 
born Haddonfield, J., June 5th, 1846. was educated Phila- 
delphia, and was graduated 1864 from the College the State 
Pennsylvania Civil Engineer. 

Mr. Wood began his railroad career October, 1864, Rodman the 
construction the Connecting Railway, Philadelphia, Pa. 1867, was 
appointed Assistant Engineer, having entire charge the work which included 
the bridge over the Schuylkill River, near Fairmount Park. 1865, also 
had charge finishing tunnel the Junction Railroad, Philadelphia, and 


Memoir compiled from information furnished Turner, Vice-Pres., Penn. Lines 
Pitts., Pittsburgh, Pa., and file the Headquarters the Society. 
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building extension the Pennsylvania Railroad Greenwich 
Delaware River, including the construction three wharves. During 
made surveys for the location the Columbia and Port Deposit Railroad 
Pennsylvania and Maryland, and located and built part the South 
Mountain Railroad from Carlisle Pine Grove Pa. 

1869, Mr. Wood entered the service the Northern Central Railway 
Company Resident Engineer. this capacity, was engaged the 
construction the engine houses and shops Marysville, Pa., and also the 
rebuilding the Dauphin Bridge over the Susquehanna River. May, 
1872, was appointed Resident Engineer the Baltimore and Potomac 
Railroad, then being constructed, and Engineer the Northern Central 
Railway. 

May, 1878, Mr. Wood was appointed Assistant Engineer the Motive 
Power Department the Pennsylvania Railroad Altoona, Pa. This was 
the beginning his career with the Pennsylvania Company with which 
was connected until his death and which served ably. December, 
1881, became Superintendent Motive Power for the Lines West Pitts- 
burgh, and November, 1887, was appointed General Superintendent 
Transportation. 

Mr. Wood became General Manager March, 1890, and was elected Fourth 
Vice-President January, 1896. was afterward promoted the offices 
Second and First Vice-Presidents, successively, having been elected First 
Vice-President January, 1907. 

April, 1913, was elected Member the Board Directors the 
Pennsylvania Company, and served also Director the Pittsburgh, 
Cincinnati, Chicago and St. Louis Railway Company, and many the sub- 
sidiary companies the Pennsylvania System West Pittsburgh. Mr. Wood 
severed his connection with the Lines West Pittsburgh February, 1914, 
after nearly fifty years service. had served representative the 
Pennsylvania Company the directorates other companies which the 
System was interested, and the time his death March 4th, 1922, 
was Member the Board Directors the Norfolk and Western Railway 
Company and Chairman its Committee. 

Although most the active years his life the service 
the Lines West Pittsburgh, thoroughly understood the affairs all the 
lines connected with the Pennsylvania System. 

Having begun his service the early days railroading, and having had 
experience all its branches, Mr. Wood was authority railroad manage- 
ment, and also the fields commerce, industry, and finance. was firm 
his convictions, but not prejudiced, always willing listen courteously 
the opinions others. was loyal, conscientious, and efficient his work, 
through which qualities attained success his official career. Mr. Wood 
was greatly respected and esteemed his friends and business associates, 
and his loss will felt all with whom came contact. 

October, 1874, was married Miss Jennie Boas, who died 
December 14th, 1913. 

Mr. Wood was elected Member the American Society Civil Engineers 
April 1874. 
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ADDRESS THE ANNUAL CONVENTION, 
HOTEL WENTWORTH, NEAR PORTSMOUTH, 
JUNE 21st, 1922. 


The By-laws the Society require address the President the 
Annual nearly all scientific societies, the address the Presi- 
dent comes the close his term, which seems more appropriate time. 
awoke this time delivery too late permit the development 
chief have desired. Before deciding this topic and order 
learn the traditional scope and treatment, read all the Presidential 
Addresses the past years. found them mostly devoted one 
three subjects: (1) The Society; (2) the status and relations the 
Engineer the Public; and historical review progress that 
line engineering which the speaker had chiefly devoted his professional 
life. 

While thus studying the proper topic and scope for Presidential Address, 
thoughts have been drawn two directions: One, Progress the Develop- 
ment this Society and Its Possibilities for Greater Usefulness, and the 
other the Development Hydraulic Science. particularly drawn 
this topic, because now almost fifty years day since began 
Junior Engineer the office the Water Power Company, 
Lawrence, Mass., and professional life has been chiefly devoted Hy- 
Engineering. 

Before proceeding with this second topic, cannot, following forty years 
membership the Society, many years membership various other 
engineering and societies, and five months the closer view given 
present office, refrain from saying something about The Society and Its 
Progress. 

recall three years service the Board Direction about 
years ago, and compare the technical activities then and now, find that the 
time and effort now given the individual members the Beard toward the 
development the Society has been vastly increased. Then, the Board could 
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finish its order business evening or, most, afternoon plus 


evening, four times year, and this large amount time all spent good 
hard work, active discussion and thoughtful consideration ways and means 
promoting the efficiency and service the Society its members, and 
carefully scrutinizing the records for membership, order that 
the Society may its share maintaining the status Engineering one 
the learned professions. 

few months ago, was disposed think somewhat ridiculous that 
Board meeting the Society should take many more hours than the Board 
meeting great business corporation, but now see from the inside that this 
not unreasonable. Settling matters the Board meetings, instead 
debating them general meeting, saves lot time the members. 
The members the Board represent different sections the country 
having different problems and all them are men strong convictions, 
trained their profession and their daily tasks into sense respon- 
sibility. Many difficult questions policy arise. have heard suggestions 
from outside, more jest than seriousness, that much time spent 
meetings indicates that the Board divided body which spends too much 


time “scrapping” and petty detail, and will say that, nearly half 
ping 


evening, and the proportion Directors attending from distance was much 
smaller than present. Now, the Board requires least two full days and 


year Chairman, there has been not one word acrimonious discussion, not 
the slightest manifestation sectionalism, nothing but earnest forward-looking 
consideration how best achieve the purposes set forth the Constitution. 
The 10500 members should appreciate the spirit which the busy men who 
constitute the Board Direction leave their important responsibilities and 
their valuable time these matters. Twenty-six out the twenty-eight 
Directors were present the meetings Dayton, Ohio, April and 4th, 
1922, and twenty-four Directors are present this Annual Convention, 
whom came from the Coast. The Board thus functions from 
broad National viewpoint, while the great majority members present 
the midwinter meeting, the midsummer convention, always are from rela- 
tively near-by. 
All members may well pleased with the Society’s progress shown 
character and extent the papers published during the past year, the 
growth membership, the activities Local Sections scattered through 
almost every important section the country, the Student Chapters— 
one substantially every important engineering school—and the arrange- 
ments for Technical Divisions specializing Power Development, 
Science and Health, Irrigation Engineering, and Highway 
provided for the meeting the Board Direction held June 19th, 1922 
intended that, henceforth, when “birds feather flock together”, 
will place for their flock inside the Society with need for them 
little new society outside. One the many pleasing features the Dayton 


meeting was the innovation the presence, invitation, large 
students from two the Ohio Engineering Colleges, whose professors had 


suspended their lectures, order that the students might attend the technical 
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session held that meeting. hope this may repeated each State 
where meet, wherever there sufficient seating capacity the convention 
hall. 

Above all, the members should pleased with the earnest work for the 
advancement engineering arts and being conducted the 
Special Committees. fear that too few appreciate the time now being 
given this committee work busy men—the most eminent and best fitted 
men that can find the United States, Canada, for each special 
task—at great personal sacrifice their time and comfort, and earnest spirit 
service the Engineering Profession. The mere payment the traveling 
expenses the members these Committees common meeting place, 
although makes something hole our budget, the merest pittance 
proportion the service rendered the public, engineering, and the 
members the Society collectively. the rapid development Engineering, 
this kind committee work may well and the Committee 
Special Researches, which Talbot, Past-President, Am. Soc. E., 
Chairman, working get together half dozen new committees spe- 
cial fields. 

The Constitution states that the main objects the Society are: 

Advancement Engineering Science”. This done mainly 
work such, for example, that structural standards, and 
contributing data and experiences papers. 

Professional Improvement Members”. This done through 
the maintenance high standards for the admission members and bring- 
ing the Junior into friendly contact with the Senior. 

the 500 members, scattered all over the United States and throughout the 
world, attend either the Annual Convention the Annual Meeting, and less 
than attend the monthly meetings, this intercourse obviously must 
mainly through Local Sections and through the published Proceedings, 
perhaps through new bi-monthly, containing more matters current interest 
members and the younger members particular. 

(4).—The fourth great objective stated the Constitution, “The Establish- 
ment Central Point Reference for the Preservation Data”, obvi- 
ously the share this Society the establishment and maintenance 
the great Engineering Societies Library—but because the wide distribution 
membership, this fourth objective must mainly attained through the files 
Transactions each member’s office home. 

Let now briefly consider possibilities greater service the 
toward the better attainment each these four objectives. 

Engineering, Science often lags far behind the Constructive Arts. Watt 
built engines without knowing much about thermodynamics. Arches 
trusses long preceded stress diagrams. Portland cement has been used hun- 
dred years, and its chemistry not yet well understood, and great bridges 
have been built with little knowledge the metallurgy steel. The pioneer 
is, often wasteful with his factor safety, knowing the risk 
must, necessity, take chance, with the early sheet-iron water pipes the 
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California miners, and “through our failures achieve They 
Science comes and shows the way economy, reducing wasteful 
combining experiences, deducing theory from successful practice, and giving 
contidence for projecting longer spans, higher pressures, and new 
lines attack. Textbooks and published data often lag far behind the 
tion collected here and there some one under stress 
Proceedings and Transactions Engineering Societies provide 
places which record these forward steps. 

One great service the Proceedings technieal societies the 
preservation, and early dissemination these experiences and newly discovered 
facts, that they may available engineers and writers textbooks. 

Our Society machinery does not yet seem particularly well organized for 
scanning the horizon, discovering, and systematically bringing foward and 
publishing these new data. The busy worker has his hours full responsi- 
bilities that commonly pressure must brought him sacrifice his time 
prepare paper, through the appeal rendering service others. Som 


the best papers the past year have been thus obtained, more can done 
this line and Object No. the Constitution thus better attained. 

The Engineering Foundation was established aid advancing Applied 
Science, and aid developing new data, far-seeing engineer who in- 
tended his own gift merely nucleus adding might 
testify substantial way the help they had received from association 
the Engineering Societies and the researches their predecessors; or, th: 
had prospered, might pay like manner part their debt the Profession. 

Cannot our Society take more active part making this great idea bear 
more fruit, both inerement this fund and adding data for 
practical engineer? Would not show finer spirit appreciation toward 
those who build this Foundation fund, every dollar its income from 
endowment was devoted its main purposes, while the four National 


took themselves the whole expense its administration 

the second topic, “Professional Improvement”, and 
“Encouragement Intercourse”, does not our present opportunity for doing 
more lie chiefly stronger and better organized support for each the 
Local For the Board Direction simply frame some permissive 
rules for the Sections and then give back per year the $20, more, 
dues collected, not enough attention the Parent Society. The Student 
Chapters also may well given much more attention, and strong effort put 
into the active development the newly provided for Professional 
within the Parent Society. 

this topic intercourse, take this oceasion express regret 
inability accept many the hospitable invitations address Loca! 
Sections and Student Chapters. have gladly done so, far practicable, 
but with Local Sections and Student Chapters, obvious that some 
new means showing proper attention from the home office these scat- 
tered, distant bodies should devised. 

These second and third ideals the Constitution—Professional Improve- 
ment and better satisfied larger membership. his 
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eight years ago, Hunter Past-President, 
Am. E., stated that the engineering development the United States 
was then such that outside our Society there were three four times many 
qualified the standards for membership, there were inside the Society. 
Most who have broad contacts with what going the United States, 
will agree with him, and agree that all three the first aims 
the Constitution, “Advancement Science”, “Professional Improvement 
Members”, and “Intercourse among Engineers”, will better satisfied when 
more those now outside are quietly made see that they should inside 
the not much for what each can receive, for what all can give 
the maintenance professional ideals. 

means should the requirements for admission lowered less 
rigidly observed. The Constitution and By-laws make plain the intention 
restrict membership the specially educated, skilled, and supervising class 
and young men who are educating themselves for high responsibilities. 
owe ourselves and the public maintain Engineering one the 
learned professions. 

All four the objectives the Constitution this Society can 
promoted through continually improving the quality the publications. Civil 
presents the broadest field and opportunity any branch 
engineering for valuable papers and discussion, because the work, 
the variety its field, and its many and broad public relations. large 
proportion the membership the direct service the public, City 
engineers, State engineers, public health administrators, railway administrators, 
and other branches publie service. Therefore, not strange 
that, the course the present year (1922), the Society publishing 
greater number technical papers and more square inches discussion 
technical papers than any one the other three National Societies (although 
less than the National Society Chemical Engineers and Chemists which 
hope will some time the United Engineering Society group). 

While thus fulfilling the the Constitution, does not our 
monthly publication now partake too exclusively the character cold 
storage warehouse, filled with valuable material, some which each mem- 
ber will certainly want refer the future, but not all which partic- 
ularly interesting just now, particularly when one thousand miles away 
from the Engineers’ Club. 

The quality and the tonnage now going into this storage warehouse are 
admirable, but cannot work between these valuable papers more pages 
immediate human interest the junior members and the thousands 
distant members who pay their dues, 90% whom can neither attend 
Annual Convention nor enter the Society House New York City. 

Cannot the Proceedings (or preferably perhaps intermediate journal) 
carry more pages about what going just now the engineering world, 
more its inspiring story general scientific research, better book 
reviews eminent practitioners, teachers, which will give the young 
engineer better guide what should add his working library, out 


Transactions, Am. Soc. E., Vol. LXXVII 1787. 
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his modest salary? Would not well let each issue carry few small 
half-tones and biographical sketches engineers prominent notable works 
the day, thus adding more the touch human interest and should 
find means for sending out better abstracts current technical 

the present ten issues per year become too bulky, split the material into 
twelve twenty-six issues. Due regard for the distant member suggests that 
the issue should not suspended two months summer. 

Such improvements, suggested, cannot all made once, and live 
present-day opportunities and provide the right personnel for addi- 
tional work will require more money than carried the present budget 
How obtain this another pressing and important question. 


will now proceed the second topic, Hydraulic Science, and present 
some notes its development and some suggestions further development. 

Old books Science are always interesting and suggestive. have found 
this true Science and have books from the shelves 
ancient libraries, have found that although the art the Engi- 
neer old, his science young, and some parts now appear 
state arrested development. this development lagging, let join 


starting something! 
SCIENCE 


“Trrigation the oldest branch Applied Science the says Sir 
William Willeocks, famed for hydraulic works and studies Egypt and the 
Holy Land. One the most remarkable pieces ancient art that has been 
preserved all the world, head, beautifully sculptured obsidian, the 
Egyptian king who completed Lake Moeris, greater than any irrigation 
reservoir since built, more than 4000 years ago. 

Thus, when the Mechanical Engineer, pride ancient lineage, points 
Tubal-Cain the Artificer Iron whom the wise Solomon seated his 
throne, the Hydraulic Engineer may point the important work his 
ancestor who had charge the canals the Garden Eden. For Sir William 
also says: “The events recorded the early chapters Genesis had their 
origin rainless land where life depended upon irrigation.” quotes from 
the second chapter Genesis: “Out Eden came river which watered 
garden”, and says that, the course his explorations, has discovered 
the precise spot. Also, tells how these rivers the Holy Land have 
eroded their beds and impaired their possibilities for service since Biblical 
days.* 

Speaking precisely, was only Art and not Science which, those 
early days, water was regulated flowed down hill was guided 
sought its level. The Arts controlling water were pre-historic, but Hydraulic 
Science did not have its birth until thousands years after the dawn 
history, until about 300 years ago. Its birthplace was along the rivers 
Italy. 

* “From the Garden of Eden to the Crossing of Jordan’, by Sir William Willcocks 
Spen Chamberlain, New York. 
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Until very recently, all the Constructive Arts have been far ahead their 
Sciences, now differentiate the terms, Art and Science, and most the 
inventors and great builders the past have not been scientists. The special 
mission Seience—the organization knowledge, the discovery natural 
and its expressions formulas—has been bring safety and economy 
into the Constructive Arts, and only very recently, and mainly the new 
fields Chemistry and Electricity, have Science and Mathematics yet accom- 
plished very much pointing the way progress the arts. 

Very curiously, the old Roman, with all his skill architecture and aque- 
duct building, seems have had conception measuring velocity factor 
quantity flowing water, because had instrument with which count 
seconds; therefore, measured the discharge his aqueducts 
sort ancient “miner’s double the California quantity, determined 
the diameter short outlet tube. state mind was much the 
same that the practical man to-day who says, “as much water 


pipe will that the country lawyers who drafted certain 


old water-power leases which the water right was measured the diameter 
the penstock. 

More than 250 years slow earnest painstaking work the greatest 
engineers and scientists the Middle Ages was required work out the 


simple fundamental formula, The writings Vitruvius, Fron- 
tinus, and even those that greatest all men inventive genius, Leonardo 
Vinei, reflect few, any, glimmerings exact science the laws flowing 
water, and was not until about 300 years ago that pupil Galileo worked 
out his formula that the discharge from orifice varied the square root 
the head. was not until about 125 years later, 1738, that the mathemati- 


Bernoulli, put the gravity factor into this formula and gave engineers 


the present fundamental hydraulic formula with which Hy- 
Science really began. 

point”, and Hydraulic Science moved very slowly and almost not all 
until about 200 years ago, when there came beginning precise observa- 
tion and experiment, and development Science, both Italy 
and 150 years ago, the fundamental formula for the flow water 
canals, aqueducts, and pipes, that general use to-day (the Chezy formula), 
was developed the water-works Versailles; and, about 100 years ago, 
the French engineers had developed the mathematics hydraulics nearly 
the point where they stand to-day. the next years, there was much 


Tennyson says: “Science moves but slowly, slowly; creeping from point 


progress, but this has since lagged and now high time gave Hydraulic 
new impetus. 

Eighty-three years ago, fresh from his studies the French School 
Bridges and Roads, the late Charles Storrow, Hon. Am. E., 
Boston, Mass., the best American engineer his generation, wrote 
Treatise Water-Works” which that time was far the best the English 
language and was clear, complete, and condensed, that might serve 


was probably equivalent about miner’s inches 
S. gal. per 24 hours. 


or to 5 000 to 6 000 


— 

lic 


college textbook to-day and lead one into serious error its methods 
computing flow through orifices and pipes over weirs. His 
chapter contains one the best brief historical reviews the development 
Science that has yet been written, and his earnest 
engineers charge hydraulic work add experimental knowledge— 
continues worthy repetition to-day. 

was from years ago that Francis made the greater part his 
famous Lowell hydraulic experiments and published his book thereon, which 
clear description and detailing precision measurement 
was the first the world design his experimental hydraulic apparatus 
size that could deal with full-sized specimens. Until his time, the 
orifices, weirs, and conduits used the scientists develop and prove their 
formulas were but very few inches diameter, and the fact that they got 
fair degree should give confidence the laws hydraulic simili- 
tude when seek the laws river flow laboratory. Francis’ formula for 
over weirs, his methods testing turbines, and his methods for 
measurements the discharge canals floats, remain standards for 
precise work to-day. 

was from years ago that Humphreys and Abbot wrote their 
great book the and the 

Although the past half century has been period marvellous develop 
ment for all kinds structures within the field Hydraulic Engineering, 
and dams, aqueducts, municipal supplies, power developments, 
works, and canals have reached really wonderful dimensions many parts 
the world, particularly America, experiments and systematic observation: 
for knowledge important branches the Science 
have lagged behind the development the art.* the important field 
training rivers, erosion river beds, and laws governing the deposition and 
transportation sediments problems relief from floodst this 
branch Science has mostly slumbered, except one two small laboratories 
Germany, which will speak later, although Fargue, France, 
Engels, Germany, and few others, have worked diligently formulat 
observations the fixing locations gravel bars rivers the 
types, for the benefit navigation. example, the six rules Fargu 
chiefly relate stabilizing navigation channel, keeping the shoals 


7 


placed that the pilot will know they are. 

Most the studies and books river training navigation their 
aim, while these later years protection against floods and reclamation 
fertile lands have become relatively greater importance. 


Most the college textbooks Hydraulics fail show that even the root given 
the fundamental Chezy formula is probably wrong and should be written as % or % instea 
of 1%, the correction being now made in the variable coefficient. They give little warnins 
that ordinary types of current meters in disturbed water may show velocities far from t 
truth. Their back-water formulas are not readily applicable to real rivers. They give n 
intimation of the twisting currents often found in circular penstocks and fail to note that 
the curve of distribution of velocity does not. follow the parabolic law near the conduit wa 
in pipes or in river beds, but is greatly retarded. They say almost nothing about 
precautions for accuracy in application of formulas, etc., etc. 

The erosion and transportation sediment probably has been studied more 
engineers on the great irrigation canals in India than anywhere else in the world, but 
their knowledge appears far from being yet organized into Science. A good résumé may |t 
found in Buckley’s ‘Irrigation Pocket Book”’ (Spon & Chamberlain, 1920). 
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now chiefly need find out how control the sediments and 

rove the carrying capacity rivers the sea, that with all possible 

speed and facility the main trunk will take away the water delivered into 

the branches. 

need find out how best make river dig its bed deeper, instead 

itself rolling its gravel bars into dams every “cross- 

the early stages flood. The late Professor Johnson, Am. 

stated the case well 1884, the Proceedings the American 

for the Advancement Science, the language former 

the Mississippi River Commission: “The first work flood 

impede its own discharge and the impediment outlasts the flood.” Johnson 

cited observations Columbus, Ky., comparing heights the river gauge 

hen the river was rising, with heights for the same number cubic feet 

second (1100000) falling stage, showing average increase 2.1 

and total flood height 5.5 ft., due gravel rolled 
bars. 


This stagnation and need for new departure hydraulic experimentation 


was forced upon attention, few years ago, when was 


reviewing the literature river training, preparation for studies 
China, and recently has been brought attention during recent tour 
inspection, first along the Missouri River, near Omaha, Nebr., inspect those 


the Dayton meeting this Society April 5th, 1922; which “Retards” are 
permeable elastic spur-dikes, built trees, for training the river avoid 
bridge abutments and turn away from eroding valuable farm lands; 
and was still more forcibly impressed upon only few weeks ago when 
inspected the threatened and the flooded regions along the Lower Mississippi 


many points from Memphis, Tenn., below New Orleans, La., including 
the crevasses near Ferriday and Poydras, the near crevasse Tunica, and the 

Since that inspection, have been reading the story the Mississippi 
levees and jetties and proposed spillways the library river and harbor 


literature the late Elmer Corthell, Past-President, Am. 
and have learned more details the many controversies and 
the diametrically opposite opinions high authorities about river train- 
iug, protection against floods, and about maintaining channels for naviga- 
tion, which controversies have centered around the outlet the Mississippi and 
certain harbors the Gulf States, and the divergent views that prevail to-day 
New Orleans about safe-guarding the future the city, both 
ods and navigation, have become more and more impressed 
with the idea that this branch Science particular still 
the stage argument and opinion, rather than that precise observation and 
determination facts; and that the current control, particularly 
rivers carrying large loads sediment and flowing over beds deep alluvium, 


*A brief description of these retards is given in the paper by Mr. Towl, entitled, 
Missouri River Bank Protection at Omaha, Nebraska’’, Proceedings, Am. Soc. C. E., May, 
1922, p. 1185. 
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now very much where chemistry was before the universal use the 
where electricity prior the centimeter-gramme-second units. 

the Lower Mississippi, they have just been having the highest 
ever known, and one can appreciate the frightful conditions threatened 
and ruined homes, tens thousands square miles the most fertile land 
the United States, worth, literally, hundreds millions dollars, threatened 
inundation and the loss year’s until has been the ground 
during high water and has seen this mighty river, mile wide, 100 ft. deep, 
ft. above its normal stage, rushing along with its surface within in. 
the top thin soft earth dikes, from ft. high, and here and there 
threatening cut through them new eddy swirl the current; 
until has seen the temporary protective works hastily built thousands 
whose homes and properties were threatened. 

There are two distinct problems along the many miles levees: One, that 
designing and strong impervious dike proper height; the 
other, that guiding and controlling the direction the swift current that 
will not undermine and cut into and rupture the dike “levee”. One who 
rash enough risk encounter with the authorities, American, French, 
and German, many venture ask there not third problem, namely, 
that training the river dig its bed deeper; and New Orleans substantial 
citizens are asking that fourth problem, many years old, that spillwa 
through the levees, again considered. 

Revetment all the hundreds miles threatened banks against 
sibility erosion hopelessly beyond limits expenditure. Advances 
both the Art and the Science are needed. 

For ten years past, have been thinking the benefits that might come 
from laboratory, built large scale, which sundry important 
observations could made, and nine years ago, visited the new Flussbau 
Laboratorium the Technishe Dresden, Germany. Three years 
ago, urged the value such laboratory group members the 
Society gathered lunch San Francisco, Calif., urging that, established 
their great University California, would greatly 
economie solution some the problems the Sacramento River and 
the problems presented some the torrential streams that times rush 
down the delta cones. 

several oceasions, have suggested the value such laboratory some- 
where the United States, and what have seen and read during the past 


few weeks has led believe that now the time urge the importance 


immediately constructing National Laboratory, larger 
seale, some locality where will atmosphere (for, 
addition many simple matters experiment and observation, there are some 
very obscure phenomena intricate hydrodynamics, colloidal and 
other abstruse matters considered), which shall the service 
whatever branch the Government that may need it. First, for season, 
say, the service the River and Harbor Engineers; next, perhaps, 
Hydrographic Branch the Geological Survey; next, possibly, for 
some months, the hands the Reclamation Service; and, next, 
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perhaps, serving the Department Agriculture; and sometimes serving 
special purpose outside the Government service. Such laboratory, operated 
parallel studies the real river, can made give new 
impetus several extremely important branches Science, and 
precise data which lack important fields. More about hydraulic 
laboratory will said later. 


Resuming the story progress, the Outlines History Hydraulic 
Science must greatly condensed address this kind, because 
tell all the development that interest hydraulic engineer, would 
require some hundreds pages. 

Commonly, forget how young all engineering science is. most 
branches, began its rapid development only about 100 years ago, most, 
150 years, and followed close upon the greatest all man’s inventions, the 
manufacture power the steam engine. hard for realize that 
own engineering experience years covers one-third (one almost might 
say one-half) the whole history these great engineering activities, and 
that knew personally the chief engineer the earliest railroad New 
England and the author the earliest American book Hydraulics, and 
that the greatest public work constructed our National Government 
years ago was the stone dry dock the Charlestown Navy Yard, built 
from designs Mr. Loammi Baldwin. 

Although the Science young, its Arts are old. The art irrigation 
was highly developed pre-historic times many lands, Egypt, Chaldea, 
India, China, and other parts the earth. the dawn history, the flood 
waters the Nile were regulated and stored for irrigation Lake Moeris— 
far larger than any present-day storage reservoir—into which the waters 
the Nile were led the Canal Joseph. Szeehuan, China, the present 
irrigation channels, watering many thousands acres, are said have been 
admirably designed and regulated, some thousands years ago, engineer 
who worked out matters great detail, set monuments for regulating the 
depth which water might flow, and preseribed good rules operation that 
are said still faithfully observed. 

The arts river control and canalization also received attention those 
ancient days. Back the half legendary days, about 4000 years ago, China’s 
most famous engineer, the great Yu, said have successfully 
rivers dikes, guiding them into new channels, that the people 
along fairly well for 1000 years, while his rules were followed. Many 
temples were built his honor. The Grand Canal China was built 
part 400 years ago. 

The Suez Canal retraces small canal many hundred years ago. There 
was canal dug from the Nile the Red Sea the reign one the Pharaohs, 
more than 1450 years before the Christian era. The “fresh-water canal” 
used the French engineers 1863 convey fresh water from Cairo 
Suez had been use for 2500 years. Along the Tigris and Euphrates, large 
canals were use for irrigation and for boats, 350 years before the Christian 
era, the ruins which show them have required much engineering skill. 
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Greece, Corinth, the American School has 
the remains ancient fountains and conduits, which, inspected 
gave much respect for the skill the workmen years but 
was art and architecture that were evidence rather than engineering 
many places the Old World one finds remains wonderful 
tunnels, and foundations built the Romans about 000 years ago; and 
the most beautiful all their structures, more beautiful than temple 
amphitheatre forum, that aqueduct bridge, the Pont Garde, 
Nismes, France. 

Vitruvius, his ten books Architecture, written nearly 000 years 
devotes the eighth book Water Supply, but almost the only engineering 
its many pages forgotten lore are some directions for constructing 
accurate leveling instrument, the rule that aqueducts should not slope 
gradient than part vertical length, slightly less than ft. 


mile, and rules for the weights lead water pipes. Caution given 
providing air vents and suggestions for laying clay water pipe with tongued 


ends, perhaps somewhat like that now made near Akron, Ohio. Vitruvius 
was wise his sanitary precautions and strongly warns against poisoning 
from water conveyed lead pipes, giving preference pipes clay; but 
spite its author’s manifest tell all that was worth knowing, 
really surprising see how little this eighth book Vitruvius contains 
what would call information. 

About 250 c., Archimedes, the great Greek scientist ancient Syracuse, 
invented the screw pump, discoursed principles flotation solids, 
detected spurious gold determining its gravity water, and 
said have discovered fundamental principles about the flow water, 
but just what these were, have not found recorded. Vitruvius quotes him 
knowing that the earth was round and that broad water surface had 
ature corresponding its radius. 

Julius Frontinus, Water Commissioner Rome, about left his 
writings admirable account the Rome and their manage- 
ment. This account has been made available English Clemens 
Past-President Am. Soe. E., his excellent volume,* which the 
tion the original treatise supplemented with great deal Mr. 
own analysis the ancient records, brief history the development 
early Science, and many illustrations appliances used 
Romans distributing their domestic water supply. Frontinus seems have 
been faithful administrator rather than engineer, but compiled many 
notes and records, and had there been extant his days any Science. 
beyond the simple facts that water would flow about the right speed down 


aqueduct having declivity about ft. ft. per mile, and that could 
metered common-sense way the area the stream, the area 


pipes leading out from the aqueduct, would have told all about it. 
Outside the books Vitruvius and Frontinus, far have been able 

learn, hardly anything can found written Hydraulics until about 

425 years ago, when Leonardo Vinci, engineer, artist, architect, 


and His Books the Water Supply the City Rome, 
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and foremost experimenters—greatest genius all time—wrote 
the “Motion and Measurement Water” and invented, first constructed, 
the navigation lock, which gave new impetus canal building. Some years 
ago, visited the site this first lock, one visits shrine. Although water 
still runs down the canal, now serves generate electricity for Milan. 

With all his genius and his art, and his wonderful mechanical 
invention, Leonardo did not add very much Science, and, 
after his time, seems have slumbered for 100 years, until the days 
Galileo and his pupils, Torricelli and Castelli, each whom was real scientist 
and began the development precision measurement and the systematic 
arrangement expressed mathematical laws. 

The experiments Galileo efflux appear have been begun efforts 
water-clock, measuring time the flow water through 
orifice, which should more accurate timepiece. 

was Castelli, working under the direction Pope Urban VIII, 1628, 
appears have first published treatise rivers, and appears have 
been also the first introduce velocity factor measuring the discharge 
rivers; but supposed wrongly that discharge varied directly the head. 

1643, Torricelli discovered that water issuing from orifice followed 
the law falling bodies, which his master, Galileo, had experimented 
the Tower Pisa; but although got the idea “the square root all 
right, was not until nearly 100 years later that the factor “2g”, was put into 
the equation mathematicians. Torricelli appears have been the first 
argued that the acceleration rivers was due the slope down which they 
ran. 


Forty years later than Torricelli, 1684, the French physicist, 
gave new impetus Hydraulics his observations flow from tubes and 
orifices, and also wrote treatise the movement water. 

Italy, there was great need study means relief from the floods 
torrential mountain streams that brought not only floods, but also débris and 
sediment that clogged the river beds and added the woes the people, 
particularly along the lowlands the River Po. Therefore, not strange 
that river science had its birth Italy. 

1697, Guglielmini published the first part elaborate work, “Della 
Natura Fiumi”, the second part which was published 1712, after his 
death. appears have been one the earliest scientists grasp funda- 
mental and made many contributions Hydraulic Scienee, prob- 
ably more than all the others who had preceded him, but went sadly astray 
about few them, for example, his notion the distribution velocity 
various depths. His work spoken very kindly authors century 
later. Undoubtedly, was the pioneer River Hydraulics and the old 
quotations from his works show that started several important questions 
that are not settled to-day, and answer which need National Hydraulic 
oratory. 

Mathematical science this time was well expressed algebraic equations, 
also the application Science was receiving great development, and 
the great mathematicians seem have been fascinated with the problems 
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flowing water, but made bad mess trying devise their laws from 
reasoning instead observation field laboratory. Sir Isaac 
the greatest all these mathematicians, tried his hand formulating lays 
about flowing water, but found great this field, although 
developed some beautiful equations the “Principia”, published about 
Soon after 1714, there came rapid succession authors Hydraulics. 

1718, Mareus Paulini experimented the discharge through oritices 
and could increased adding short tube. Frontinus 
had previously stated that this principle was known Rome, and that 
Roman water takers had applied increasing the discharge from the aque- 
duct into their premises adding enlarged tube the official nozzle. 

1730, Pitot, member the French Academy Science, invented 
Pitot tube which more elaborate form use to-day, for measuring 
and disproved Guglielmini’s ideas the distribution river velocities 
various depths, although his precision measurement was crude. 

1732, experiments made the flow water the pipes leading 
Versailles Fountains, were reported the French Academy. 

1738, Daniel Bernoulli, and, 1742, John Bernoulli, father and son, 
began the establishment sound mathematical theory basis Hydrauli 
Science and developed the doctrine living force. 

1743-52, d’Alembert, another great mathematical physicist, made impor- 
tant contributions. 

1764, Paul Frisi, Professor the University Mila 
wrote his celebrated treatise the “Nature Torrents”, quoting 


1, 


from Guglielmini’s observations and giving proof many ways being 
earnest seeker after truth. Other Italian writers the flow water flour- 
ished about this time, their interest being aroused the flood problems 
the and other Italian rivers. 1765, Lechhi, Milan, also wrote 
elaborate treatise. 

1768-71, Euler, the great mathematician, published, St. Petersburg, 
treatise which attacked the problem the flow water and mad 
useful mathematical contributions. 

about this time, recently 150 years ago, the sum total 
contributions theory, other than the one formula for was 
little practical importance, because the lack care test theory experi- 
ment and from the lack precision measurement; but from about 
1774, the experimental era was inaugurated, and both Italy and France 
the hydraulicians had reached the that formulas must come from 
experiment and not from pure mathematics. Within the following hundred 
years, the science was developed nearly where stands to-day. 

1775, Chezy, already stated, gave his extremely valuable formula 
for the flow conduits, but without much the effect 
roughness the wetted surface. 

1782, Belidor wrote monumental work architecture, 
copies which have found three the early American engineering 
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1784, the Academy Toulouse, reported experiments the 
discharge orifices and some notes the junction and separation rivers. 

1779-86, Dubuat reported his results ten years’ reports and experi- 
ments. Some his data the transportation débris are still reported 
textbooks to-day, his data were practical value—which they are not, 
because having been obtained experiments the effect current 
water moving sand and pebbles lying loosely the smooth bottom 
little wooden trough only in. wide and less than ft. deep. 

would not leave the impression that have laboriously read the works 
all the previously named authors, but from time time have turned 
the pages many them and have found much interest tracing parts 
this history certain old libraries, particularly, the Locks and Canals 
Library Lowell, collected mostly about years ago the late James 
Past-President, Am. Soe. E., and the remarkable library 
Mr. Loammi Baldwin, who has been “The Father Civil Engineering 
America”, the collection which was begun about 100 years ago. Baldwin’s 
library was doubtless the best possessed any engineer America his 
day, and extremely interesting illustrating the breadth culture 
this early engineer. particularly rich the French works 
100 years ago, and also few books the Italian language, 
notably treatise, three thick volumes, the motion water, published 
Parma 1766, the second volume which entitled “Della Natura 
Trattato Fisico Matematico dell Dottore Dominico ete. 

The Baldwin Library also contains “Noveaux Principles 
Appliques tous Objets d’Utilite particulierment aux 
Riviéres”, published 1687. interesting note this author’s good words 
for Guglielmini, the author river nearly century before. 
page its Introduction, this book contains very interesting reference 
Galileo’s cpposition straightening the Bisenzio, and his seven principles, 
derived priori, opposition Bartolotti, who proposed straightening the 
river. The author states that “Galileo had the misfortune making his opin- 
ion prevail spite the truth.” (This remark reads like some those made 
235 years later the controversies about the Mississippi.) 

The Baldwin Library contains also copy the work, “Recherches sur 
Construction plus Avantageuse des Digues”, prize essay published 
the Toulouse Academy, written Citoyens Boussut Viallet 1772, which, 
certain its diagrams, illustrates that groynes and retards for the protec- 
tion river shores had been used more than 150 years ago. 

this library also found copy Prony’s work, 1822, 
the Pontine Marshes, which had studied member commission 
1810, well copy “Essai sur Theorie des Torrens Riviéres, 
par Citoyen Fabre, Ingenieur Chef des Ponts Chaussées”, published 
1817; also book 280 pages, entitled “Les Moyens les plus Simples 
den Empecher les Ravages d’en Retrecir Lit d’en Faciliter Navi- 
gation” (“The Most Simple Means Restraining the Ravages Rivers, 
Narrowing Straightening the Bed, and Facilitating Navigation”). 
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The library also contains the work MM: Ponclet Lesbros the dis- 
charge orifices, published 1832. contains many other books interest 
engineer, showing the state these arts and sciences 100 years ago. 

Incidentally, may interest remark, showing the broad culture 
“The Father Civil Engineering America”, that addition many 
works English and French, and.a few Italian, Mr. Baldwin’s 
library was rich classic literature and works History, for 
which apparently spared for find -here original set 
Audubon’s celebrated volumes, “Birds America”, with 
which was published $1000 per copy. The part the Baldwin 
Library now the Massachusetts Institute Technology, but the parts 
relating general literature and Natural History are still the old Colonial 
mansion the Baldwin family North Woburn, Mass. 

copy the celebrated treatise Paul Frisi, “Torrents”, may 
found the Library Brown This English translation 
interest, having been made more than 100 years ago English engineer 
officer for use the English engineers India their early days 


developing the vast Indian systems irrigation. Few America appreciate 
the present magnitude those Indian irrigation works the early day 


which England this beneficent work India. This conscientious 
engineer-translator visited Italy check the general accuracy the 
statements the original work. The book was dedicated Warren Hastings. 
beautiful sample the printer’s art 100 years ago, contains many 
references the investigators who had gone before, and raises several impor- 
tant questions about which there still controversy, such, for example, 
the raising river beds diking their floods. There are chapters the 
subsidence the sea coast, and deposits sediment, and experimental 
proof that gravel stones could not ground down into sand during their 
passage down the whole length river, wherefore those brought 
mountain torrents must accumulate and raise the bed the river near the 
foot its steeper slopes; and the raising certain up-stream sections 
the beds Italian rivers within the period, presents much 
proof. also shows that the débris dams California were anticipated 
several hundred years those Italy, which were not always successful, 
ete. All this shows Paul Frisi have been such earnest seeker for 
truth that wonder could not find more it. This book 
168 years ago details controversies between the highest authorities over the 
flood problem the and other Italian rivers, which very much resemble 
those that have raged and down the Lower Mississippi and the Sacramento 
and, thence, have Washington, during the past years, and are 
still unsettled. They were 168 years ago, violently discussing the 
efficacy cutting spillways the dikes take off their floods, somewhat 
New Orleans to-day. 
From the accounts Pliny and Tacitus, seem have been discussing 
and trying cut the same ideas Rome (with poor success), 600 years before. 
Frisi quotes Tacitus recording dictum the Roman Senate concerning 
straightening the Tiber, “Nature has known how provide for our wants 
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much better assigning rivers those vourses, boundaries, and 
limits, which are most apposite”. This reminds one those recent authors 
who oppose rivers straight courses “because Nature guides 
them curves”, without reflecting that Nature’s purpose was largely that 
delta-building, flood protection navigation. 

engineering treatise, this book Frisi chiefly interesting 
showing the state the art that time and the small amount accurate 
Science that had been made sure 100 years ago. Nevertheless, 
wonderfully interesting book and raises many questions, and shows 
that its author had traveled widely and studied diligently. illustrates 
better than any other old treatise Hydraulics, the slow process organizing 
knowledge into Science. 

interesting read Frisi’s criticism the absurdities into which 
mathematicians, even the great Sir Isaac Newton, had been led efforts 
develop laws priort from mathematical reasoning, and Frisi’s declaration 
that branch physics rather than mathematics, and that 
especially renounces the hypothetical calculations his predecessors. Never- 
theless, like much that has been written river science down the present 
year, 1922, and still current, Frisi’s own writings are largely flavored with 
speculative philosophy. 

The clearly written and concise treatise which have found anywhere 
that the late Mr. Charles Storrow, previously mentioned, which was 
written years ago. 

Bennet’s translation D’Aubuisson’s “Hydraulics” was another good 
American book many years ago, written, have been told, man 
exceptionally fine character, mostly home the evenings and late night, 
while was trying cheer invalid wife faithful companionship. 

admirably full bibliography tracing the development the hydraulic 
theory flow rivers from the earliest times down years ago, with 
appreciation the contributions the science each author, can found 
Chapter III, pages 187 228, Humphreys’ and Abbot’s “Physics and 
the Mississippi.” Perhaps the most noteworthy contribution 
river training since that time that Professor James Thomson the 
travel detritus diagonally across rivers reported the 
Society 1877 (page 356), years ago. 

was years ago that the publication Henri Darcy’s researches flow. 
water pipes called attention the remarkable differences loss 
head, slope, caused different degrees smoothness the walls pipes, 
and developed the parabolic law distribution velocities pipes means 
the Pitot tube; but the remarkable series experiments open canals 
and Bazin was not published until 1863, two years subsequent 
the publication the investigations Humphreys and 

These experiments flow water straight pipes and open 
artificial canals, made France, Government expense, Darcy and Bazin, 
with thoughtfully designed apparatus and special attention observing the 
effect smoothness conduit wall upon resistance flow, and measurement 
the distribution mean velocities, are fine example service 
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well equipped laboratory Science and the Constructive Arts. The scarcity 
similar examples shows that research this kind must financed the 
Government, mostly remain undone. Bazin made subsequently some impor- 
tant contributions data weir flow, but the data the epoch-making 
and Bazin laboratory researches have not been added the sixty years 
that have followed anything like the extent that one might expect, nor 
has the work admirably begun Humphreys and Abbot been followed 
the importance the subject deserves. 

Nearly years ago, had the excellent translation Weisbach’s 
Hydraulics (first published German years ago), our fellow member 
the late Eckley Coxe, Am. Soe. E., and many admirable college text- 
books Hydraulics been published since, especially notable among 
which are those Professor Mansfield Merriman, Am. Soe. E., Professor 
Irving Church, Affiliate, Am. E., that David Molitor, Am. 
Soe. E., giving refinement formulas, Professor Unwin, Hon. 
Am. Soe. E., the late Professor Bovey, Montreal and London, Hughes 
and Safford, and the recent book Professor William Durand dealing 
with flow pipes. has described his researches the great rivers 
South America. Cunningham and Gordon, Kennedy and Buckley have written 
excellent books giving fragmentary observations the rivers India, and 
Thomas and Watt, United States Assistant Engineers long experience, have 
published monumental treatise the improvement rivers, dealing mainly 
with structural designs. not find, however, any these books the 
theories, the data, that need training rivers for relief from flood; nor 
find the excellent work Professor Van Ornum, formerly 
Assistant Engineer, the works those authors experienced the special 
problems India, Belasis, Strange, Buckley and Parker, although the two 
latter present some suggestive data from the Indian works. These latter 
manuals are intended for the practicing engineer rather than for the college 
student. Spring’s “Training Rivers the Guide Bank also 
gives many fruitful suggestions, does also the development the “Bel! 
Bund” guide dikes several Indian 

The reports the several International Navigation Congresses the past 
years give many interesting opinions and some highly useful observations, 
but have read them, the impression has been vivid that they were concerned 
chiefly, the title shows, with river training for Navigation, not for Flood 
Relief. Although the preponderance authority for training rivers along 
the curving lines Nature, not find that the engineers the great 
irrigation canals India which have take care some the worst 
waters found anywhere the world, lay them out other 
than the straightest practicable lines. Their problem (like ours training 
rivers for flood relief), the conveyance water, not its navigation, the 
fixation shoals for the convenience pilots, 

Germany, Professor Hubert published admirable treatise 
dealing with river and harbor structures, which new addition just out, 
which appears give résumé all recent European writings river 
training. France, Fargue has written much trying 
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formulate laws river control; but all these treatises have had deal 
with data, and many the fundamental scientific laws governing 
erosion, transportation and deposition sediments, and the art river 
training, are not yet well established. Even Kennedy’s laws and rules for 
silt control canals and rivers, derived from many observations India, 
while heartily approved many experienced engineers, are questioned 
doubted others. 

Three years ago, previously stated, preparation for work China, 
arranged with Hardy Cross, Am. E., then Assistant Pro- 
fessor Civil Engineering Brown University, make thorough search 
for everything recent contributions the science and art river training, 
which seemed worthy abstract, the principal libraries, beginning with 
the Corthell Library Brown University and covering the Libraries Harvard, 
the Massachusetts Institute Technology, Boston Public Library, New York 
Public Library, Engineering Societies Library, and the Library Congress, 
also including the Minutes Proceedings the Institution Civil Engineers 
and the this Society, and the several International Con- 
gresses for the improvement navigation and many recent French and 
German publications. compiled, with excellent judgment, about type- 
written pages and photostat copies abstracts, classified them, and brought 
them into parallel for use. 

general impression, born weariness, after laboriously reviewing his 
many papers, was that had collected mainly mass conflicting 
opinions, with comparatively small amount new data. This first impres- 
sion was too severe, for much was found that interesting and valuable, 
which would like sometime arrange more fully and publish volume 
classified topical abstracts containing perhaps 500 pages, for the convenience 
other students and the hope that the state uncertainty thus revealed 
would stimulate new departure research laboratory and river, that 
would lead certainties instead merely collection conflicting opinions. 

There promise some noteworthy additions the literature river 
training the near future. Col. Townsend, (Retired), 
Am. Soe. E., for many years Chairman the Mississippi River Commis- 
sion has ready for publication new book, which all who know his many 
years great interest river and harbor problems, may hope find much 
information value. 

Ockerson, Past-President, Am. Soe. E., reported the course 
his address Dayton, Ohio, “Flood Problems the Mississippi’’,* 
that work progress the task assigned special committee 
its members, “of preparing full report the work done under the Mississippi 
River Commission and the results attained, ‘in order bring together with 
view publication and make available the great mass valuable data 
relating river hydraulics, covering the physical investigations the varying 
elements that make regimen the Mississippi River, well the instru- 
mentalities that have been developed and tried out the Mississippi River 


Proceedings, Am. Soc. E., May, 1922, 1184. 
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its assistants channel improvement and flood control 
the river’.” 


hoped this report will published soon and that will 


together the valuable views and opinions through the reports issued 
annually for the past forty years the Mississippi River Commission, and 
also all the important data from reports published from year year sections 
the general report the Chief Engineers, Army, who charged 
with performed rivers and harbors under appropriations 
Congress. 

Although the Hydraulics has made small progress the past 
years, the Arts hydraulic construction have been wonderfully developed 
many structures built stupendous 

Catskill Aqueduct, single conduit, has nearly ten times 
the combined capacity all the nine Ancient Rome. now 
have occasion build such magnificent architectural structures the 
Pont Garde, because thanks the progress manufacture and the low 
cost structural steel, get far more capacity for less money 10-ft. 
steel siphon. The Los Angeles Aqueduct boldness conception far out- 
ranks anything olden time. Moreover, supplies the community not 
only water, but from this water flows the city, provides electric 
power and light, which services were not dreamed even half century 
ago. The Hetch Hetchy Aqueduct, now progress construction, 
even more stupendous scale. The Boston Aqueducts, although now outranked 
size and length, should not overlooked, for was their construction 
under late Joseph Davis, Am. E., the late Alphonse Fteley, 
Frederic Stearns, and Desmond FitzGerald, all Past-Presidents, Soc. 
E., that school water-works construction was established 
Boston, the influence which has spread around the world; has also the 
influence Boston and Massachusetts safeguarding the purity domestic 
water supplies, under the devoted leadership the late Hiram Mills, Hon. 
Am. Soe. E., who, shunning all publicity, gave the best that was 
him the service his fellow men, without fee salary, the larger 
part his working hours years. 

development, also turbines, the scale has become 
truly wonderful. About twelve years ago Keokuk, Iowa, the Mississippi 
River Power Company had designed single hydraulic turbine having power 
capacity about two-thirds that all the eighty turbines Lawrence, Mass., 
Manchester, H., and then placed fifteen these huge 
units row. few months later, even larger units were put into service 
The Cedars, the St. Lawrence, and now near Niagara, the Canadian 
side, there have just been put into service, single units, each which has 
power capacity about equal the sum total the developed turbine 
capacity Lowell, Lawrence, and Manchester, the three. great power cities 
the which were three greatest water-power centers the 
world only half century these great modern water-power develop- 
ments, the hydraulic turbine yielding more than 90% the theoretic power 
water fall, has been brought near to. perfection ever hoped 
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Meanwhile, water-power development icebound latitudes has been greatly 
helped the outcome research pure science, Dr. Howard Barnes, 
Professor Physics McGill University, who has shown how conquer 
anchor-ice troubles, raising the temperature the water less than 
0.01° Fahr. 

The art building great dams, both masonry and earth, has been 
developed the great municipal water supplies for Boston and New York 
City, and, particularly, for the Reclamation Service, until now 
proposed build the Colorado River, concrete dam, having its crest 
605 ft. above the present low-water surface higher than the Washington 
Monument. Its proposed height above bed-rock foundation 745 ft., about 
the same the topmost pinnacle the Woolworth Building above Broadway.* 
recent years, several masonry dams have been are much taller 
than the Bunker Hill Monument, the granite shaft which, Daniel 
Webster’s day, was considered wonderfully tall masonry structure. 

irrigation works, the hydraulic engineers the United States, particu- 
larly those attached the Reclamation Service, under Davis, 
Past-President, Am. Soc. E., have developed works far beyond even the 
conception the Ancients, although they have yet hardly equalled the 
acreage brought under the service water India during the past century 
English engineers, 

The canal construction Panama and the solution its important 
hydraulic problems are well known all engineers that especial mention 
them needed here. 

Doubtless, will criticised for having intimated, the face all those 
stupendous works, that Hydraulic Science has been moving too slowly. 
partial answer, may said again that not the art that has slumbered, 
but important parts the science, notably river hydraulics and the means 
training rivers flow peacefully and their load sediment 
the sea, and dig themselves deeper, the the bed and the 
general situation permit. 

Some explanation for this lack progress may found the fact 
that some these American river problems are larger and more difficult than 
those other parts the world, and the American habit ahead 
with the construction without waiting develop the scientific theory the 
utmost nicety. can build good aqueducts and safe dams notwithstanding 
uncertainty about the root the Chezy formula the precise value 
the discharge for round crested weir, and develop power 
without waiting untangle all the vagaries preliminary stream gaugings. 
Progress construction often more profitable than precision, and, for 
example, Panama, the Federal Government was wealthy enough stop 
the slides simply digging away everything which seemed might some- 
time slide, instead taking the chances involved delay while profound 
studies were being made the increasing frictional stability earth the 
abstraction water, other means. Nevertheless, the long run, waste 


*See “Problems Imperial Valley,’ Senate Doc. 142, 67th Cong., Govt. 
Printing Office, 1922, Plate IV, following 
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results from all such lack knowledge, and this seems particularly true with 
regard river training and protection from floods. 

Many these great works just mentioned, have added valuable engineering 
data. Precise measurements giving the relations flow, slope, and area, have 
been made these great modern aqueducts. Messrs. Fteley and Stearns utilized 
the Boston Sudbury Aqueduct for their weir experiments. The late Hamilton 
Smith, Am. E., contributed experiments pipes California 
and orifices Holyoke, Mass. Herschel has given the results experiments 
flow the great steel pipes the East Jersey Water-Works, and the 
Department Agriculture has given new and valuable data the 
coefficients flow irrigation canals and flow drain tile, which add 
more patches that wonderful piece hydraulic patchwork, the Kutter 
coefficient for the old Chezy formula. This formula with coefficient, some- 
what ragged after years wear, still covers fairly well most problems the 
construction engineer, but high time had something better.* 

Moreover, within these recent years, the art gauging flowing water has 
been much improved. Past-President Herschel, his Venturi meter, trans- 
formed ancient curiosity into most valuable invention, and recently 
has partly developed and applied for patent new gauging instrument 
remarkable simplicity and promise his new method measuring the head 
and area means perforated pipe round crested weir, and Groat, 
Am. Soe. E., has developed the art Chemi-Hydrometry for which 
has received the Norman Medal the Meanwhile, the electric 
generator has given far more convenient absorption dynamometer for measur- 
ing output water-power turbine tests than the old Prony brake. 


Early this address, mentioned the hydraulic laboratory the Dresden 
School which, although small, has been helping solve problems 
river training, under the skilful management Professor Hubert Engels, 
who has devoted his life mainly studying and teaching Hydraulic Engi- 
neering and the author one the best books yet written descriptive 
the problems and works the hydraulic construction 

About years ago, Professor Engels established small laboratory for 
experimenting models rivers and worked out mathematical relations 
between small and large streams, and demonstrated that the model could give 
dependable results. 1913, the moving the College new 
site, new Flussbau Laboratorium was built larger scale. This new 
laboratory was still unduly limited the space left for him the architect 


Twenty-nine years ago, hoping add something Hydraulic Science, the speaker 
made elaborate experiments wide range and great accuracy loss head corresponding 
wide range velocities all commercial varieties iron water pipe, tees, and 
from in. in. diameter; also, new, especially smooth brass pipe, from in. 
in. diameter; also the loss head pipes given the roughest possible interior 
lining them with expanded metal lath, and great variety elbows, tees and curves 
different radii. greatly regrets that has not yet found time prepare these 
tions proper shape for publication, but hepes finish the reductions and drawings 
the coming year. His own shortcomings failure publish, make him charitable 
others who might have helped the good cause. 

Transactions, Am. Soc. E., Vol. LXXX (1916), 951. 


“Handbuch des Wasserbaues”, Leipzic, 1921. 
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the the new college building, and hardly third part wide 
long the dimensions that would suggest for the American National 
Hydraulic Laboratory. Nevertheless, the aid these small models, 
Professor Engels has worked out various practical problems for rivers and 
harbors Germany. similar laboratory has been built the Civil Engi- 
neering School Karlsruhe and still another Berlin. Also, there have 
been small-scale models built England and France for studying river and 
harbor improvements, and these have been discussed eminent authorities. 
After partial examination what has been written about them and 
various discussions the use models the study river problems, this 
German type seems best suited for our present needs and promises results 
great value properly used parallel with studies the real river. 

The principal apparatus the new Dresden Laboratory comprises two 
canals, tanks, each about ft. long, the principal canal being about 6.5 ft. 
wide with annex, wing, giving total about three times the normal 
width, within which river bends can modeled. One tank has fixed support 
one end while the other end rests which the whole length 
can set various degrees inclination.* Within this long, tilting tank, 
model the river channel experimented built up, with all its 
sinuosities and variations cross-section. Sometimes the model river bed 
built earth and sometimes made with base plaster Paris, 
which either can left bare can veneered with earth the quality 
under experiment. Sometimes, studying the deposit sand-bars, order 
obtain greater visibility, pulverized coal used represent the sedimentary 
deposits, because its special visibility through the muddy water against the 
white plaster-of-Paris background. 

The same water circulated over and over again down the model river 
channel and back through pipe. means centrifugal pump and 
regulating the slope the tank any desired rate discharge can obtained. 
There are elaborate devices for checking pulsations the delivered flow, and 
the experiment can made with various velocities. After the water has run 
under given condition for time, the model channel can emptied, and 
the state erosion and deposition sediment can observed and 
photographed. 

Professor Engels’ recent publications, the model shown arranged 
for experiments the Rivers Weser, Rhine, and Danube, and illustrations 
are given experiments preliminary harbor improvements Diisseldorf, 
Ymuiden, Also, experiments are described scour and deposition 
sediment caused various designs spur-dikes groynes, some pointing 
stream, some down stream, and some squarely across, with photographs 
Showing the deposition the sand waves developed the eddies around the 
ends these groynes and.in the adjacent channel bed. far they the 
results shown his publications seem remarkably instructive, considering the 
small dimensions his model rivers. prefers depth water not exceeding 
about in., becausé with greater depth sediment-laden water, the motion 
the sand grains along the bottom cannot observed. led believe that 


recent publication shows the river tank set rigid supports, 
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more convincing results could had from the larger tank that would now 
propose and which either small large depths could used. 

beg that not misunderstood claiming suggesting that the several 
problems river training, and erosion and sand-bar deposition, can com- 
pletely solved such laboratory. Tests the model stream, seldom 
more than ft. depth ft. width, would suggestive rather than 
conclusive, and should supplemented constantly reference the full-size 
specimen. The mathematical laws correspondence seem have been fairly 
well demonstrated Professor Engels’ laboratory, but this frequent com- 
parison they would soon bécome well established. needs extended argu- 
ment prove that variants form dike, jetty, slope river bank, 
seashore and bulkhead, and all the varying relations velocity erosions, 
transportation, and deposition sand and gravel, could tried out far 
quickly and economically the model, than the river shore, and that 
thereby the number years through which the threatened communities must 
wait for relief could shortened and the deepening harbors hastened. 

conception such laboratory for America, that should National 
scope and available for the use any one the branches the service 
that has problems the kind could help solve. After serving for 
studies river flow, coefficients pipe flow, and crest discharge, could 
quickly refitted help solve problems shore protection against wave wash, 
like those the New Jersey the Santa Barbara shores, and when the series 
experiments was completed, the apparatus could maintained very small 
expense until the next problem came. 

not necessary locate this National hydraulic laboratory 
flowing river water-fall. There are certain advantages regulation 
and precision measurement which can best secured circulating the 
same water over and over again, pumps the centrifugal type. One main 
requirement convenient source electric power, commonly about p., 
seldom more than 100 p., for few hours, intermittently. the laboratory 
further developed with apparatus for new determinations accurate data 
for the discharge over large weirs and various forms dam 
ft. depth, there might sometimes brief call for 1000 more for 
brief experiment that could performed night off-peak hours. 
The two canals and the main tanks should housed for winter use and for 
protection from wind and rain. 

preliminary and tentative way (but subject revision after confer- 
ence with others interested), proposing that the tilting tank for the 
model river about 250 ft. length, ft. width, and about ft. 
depth, with broad wing giving width of, perhaps, ft. for laying out 
river bends, and that this tilting tank fixed one end permanent 
jack-screws about ft. apart, all actuated worm wheels varying pitch, 
proportional the movement during inclination, that all can actuated 
from single shaft and motor and the model tank quickly set any desired 
gradient, from horizontal to, say, per cent. After run one slope, the 
inclination can changed moment’s time these screws without 
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wise disturbing the model. The same apparatus could quickly adapted for 
tests models jetties for harbor entrances and for studies shore 
protection. 

Within this tank, rough foundation any convenient material could 

shaped represent river channel, say, from ft. wide 2.5 ft. deep, 
smaller, and this base veneered, covered over, with earthy material from 
the river question; or, sedimentary material the kind carried this 
particular river could stirred into the water while one watched its collection 
into shoals sand-bars, and the laws deposition eddies behind spur- 
dikes retards could studied. Also, one could study the law re-distribu- 
tion sediments the bed river during floods, which, many 
critical places, material eroded during flood from the pool near the 
shore and deposited along the bar, the point contraflexure. 
One could also develop further information the respective merits and dis- 
advantages straightening channel that has many big bends, which topic 
has been under dispute since the time Galileo, and which will say 
more later. 

large amount much needed information could also had the best 
radius curvature for the end spur-dikes placed series, for maintaining 
straight-line channel. There can doubt that there optimum 
radius for such curvature and that dike, with its end curved down stream 
long radius, can formed lessen the irregularities the sand 
waves the channel bottom and lessen the tendency undercut the end the 
spur-dike groyne. 

Obviously, far cheaper begin development the best form 
groyne small, cheap model than build groyne full-size the 
river; moreover, the effect changes outline can far more quickly 
studied the experiments progress. One can perhaps cover wide range 
experiment for finding which the best form days the model 
could cover months the river. Nevertheless, studies the small 
model and the large river should almost simultaneously, and the 
distribution velocities eddies and the capricious forms sand waves 
river, and model, must constantly compared, order that the tests 
the small model may not lead one astray. 

The admirable experiments the transportation sand and river débris, 
carried Professor Grove Karl Gilbert, the Geological Survey, 
the University California, 1914, could extended. 

The most difficult requirement all establishing National Hydraulic 
Laboratory, that finding director who shall have clear head, broad 
experience tke field, and devotion science like that the late Professor 
Gilbert. 

Last, but not least, the matter swirls and eddies and sundry obscure 
forms vortex motion the water, which some who have been observing 
watercourses for many years, believe are the bottom many the prob- 
lems erosion and transportation sediments. The swirls and eddies the 
big river could studied parallel with studies laboratory the 
dimensions proposed. believe that glass plates the walls and powerful 
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illumination thin optical section means analogous those used with 
the ultra-microscope and with the use bright sand grains and high-speed 
motion picture camera, much could learned about this vortex motion. 

The tank the laboratory Professor Engels has been used for variety 
other experiments, for example, studies have been made relative the 
shaping jetties harbor entrances coast lines where great quantities 
sand are swept along the tidal currents and clog the entrance the 
harbor; and studies also have been made varients the outline these 
harbor jetties, for lessening the deposits, disposing them 
lessen their obstruction navigation. 

Other trials have been made Professor Engels’ laboratory the effect 
various forms bulkhead sea-wall resisting the action storm waves, 
and for obtaining shape the vertical cross-section the embankment 
sea-wall that will leave the sand carried waves and littoral currents good 
shape. order simulate wave wash the shore, volume water 
held back gate the up-stream end the tank, which gate lifted sud- 
denly, allowing symmetrical wave advance with uniform speed down the 
channel and impinge the model sandy foreshore and bulkhead. 

Obviously, this tilting tank could applied great variety investiga- 
tions, for example, for extension larger sizes the experiments for 
determining the laws flow drainage pipes, made few years ago the 
Department Agriculture. The pipe conduit experimented 
upon could blocked supports from the bottom the tilting tank and 
the water could run through any desired slope, from zero 3%, 
quickly re-setting the screw supports, which could done moment’s 
time without disturbing the alignment. Such series experiments would 
give much valuable new data the discharge partly filled drains and 
sewers cross-sections ft. more diameter, 

Alongside this tilting-tank canal, would propose building parallel canal 
with concrete walls, say, 240 ft. length, ft. width, and ft. 
depth, which experiments could made the flow over models dams and 
weirs various forms, and which other experiments could made for 
determining new methods precise measurement velocity disturbed 
currents. For certain tests, the current could given twist inclined 
shear boards attached the bottom sides the tank. large, filled, 
circular conduits like turbine penstocks, there often surprising amount 
twist the current and sometimes present deep rectangular canals. 

There abundant proof that some supposedly accurate measurements made 
ordinary current meters streams having deeply disturbed currents, have 
been seriously error, and the use such channel, 
believed, would great advantage the Hydrographic Department the 
Geological Survey, and many other institutions, educating its 
young men the avoidance errors gauging, addition other uses 
developing new and accurate methods. 

this second proposed experimental channel, provision should made for 
weir experiments, with many varieties shape and roughness crest, and 
greater depths than any heretofore made. preliminary design for this second 
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experimental canal has been largely repeated from one prepared .myself 
ten years ago for proposed large Hydraulic Laboratory for the Massachusetts 
Institute Technology, which was crowded off the campus. This design pro- 
poses circulate quantities water great 600 cu. ft. per sec. means 
centrifugal pumps and make possible the precise measurement rates 
discharge tank, with limit error within one-tenth per cent. 
provides for experiments with ft. depth over round-crested weir, 
ft. length, utilizing quick-swinging gate, somewhat after the idea 
used Francis his famous weir experiments, which fraction 
second the weir flow can diverted from one channel into another and 
the interval tank-fill timed electric chronograph. This capacity 
600 sec-ft. could used for experiments greater depths over the weir. 
narrowing the sluiceway, also, various much needed data could obtained 
the coefficients flow through sluices and over drowned weirs. Also, the 
new method measuring depth round-crested weir, devised Past- 
President Herschel and partly tested under grant from the Engineering 
Foundation,* could thoroughly tested. 

Many years ago, became convinced that standard round-crested weir 
could developed that would superior the sharp-crested weir and that 
precision measurement, particularly inexperienced hands, can greatly 
improved thus avoiding the disturbances due eddies and the irregularities 
the contracted vein due swirls and irregular motion the channel 
approach. 

Certain preliminary experiments made the late Mr. Mills, “Ven- 
turi flume”, Lowell, Mass., indicate that very instructive series could 
run such piece apparatus this new laboratory, which might develop 
considerable utility the constructive arts. 

The laws the so-called “hydraulic jump”, which has lately come into 
prominence absorber energy and thus safety device for protecting 
the undermining dams, could much better worked out. Through the 
mathematical investigations Karl Kennison, Am. E., 
reported the know that the time-honored formula wrong 
and series experiments with varying forms and with various 
forms deflectors, the foot the fall, would aid greatly show- 
ing how best absorb energy the friction eddy currents with maximum 
structural absorption energy the “jump” comes largely 
from the friction losses the violent churning and swirling the waters 
the small open chamber immediately down stream from the jet. 

When set tests has once been worked out understandingly and 
fully, the results are good for all time, within the limits tested, like weir 
experiments made Francis years ago. 

This proposed National laboratory would essentially for 
large leaving the small-scale college laboratories, about 
number, built recent years, the researches within their capacity. 


Transactions, Am. Soc. Engrs., May, 1920. 
Transactions, Am. Soc. E:, Vol. LXXX (1916), 338. 
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order give example the capacity such river laboratory,* 
let consider the biggest problem possible, that the Mississippi. Problems 
German rivers have been studied laboratory tanks one-third the linear 
dimensions here proposed, and let run experiment from the point 
view flood relief rather than improvement navigation. 

the beginning, however, let say that this experiment next 
described, was successful the model, means yet exist for carrying out 
such plan cut-offs and straightening grand scale the Mississippi 
would require. Groynes retards cannot yet built capable holding 
river bank 100 ft. high. 

the principle should prove good, there are many smaller rivers which 
could tried. the test failed, there might achieved the valuable 
result settling argument that has been going since the days Galileo 
and Ancient Rome. 

Let there modeled the proposed tilting tank winding stream with 
soft sandy bed, form analogous the Lower Mississippi, hori- 
scale probably would not seriously disturb the results. would analogous 
experimenting the discharge oyer section dam crest only ft. long, 
where the entire structure had crest ft. long. The test could repeated 
natural scale. 

Our 200 ft. length experimental tank would then represent 200 000 ft., 
about miles, along the valley, and its ft. width would accommodate 
bend with ordinate nearly miles, while the broad part the tank would 
take bend nearly miles ordinate. 

Corresponding the 100-ft. flood depth the Mississippi, would have 
1-ft. depth flowing the tank, and instead main river channel, 000 
4000 ft. width, the channel the tank would ft. wide. 

The slope the tilting tank would readily adjusted the screws 
give velocity, somewhere near that the actual river; such velocity 
that there would analogous slow process erosion bends and 
deposition sediment the nearly opposite convex shoal, with established 
regimen showing important scour fill along the straighter portions. 
Although swirls and vortices that exist the large river, which have much 
with scour and transportation sediment, might not found fully 
represented, there doubtless would some analogous action the model 
stream. 

The rise and fall flood could represented varying the discharge 
the pump. Various percentages sedimentary material could put into 
circulation. The formation bends and-action sand waves could 
studied and great variety instructive observations made. 

After having made various precise quantitative observations the behavior 
the model the curving, sediment-carrying river flood, let section 
channel comprising one two bends straightened cutting off the bends 
and training the straightest practicable line, giving the same average 
depth before and holding from spreading, wandering horizontally, 


Outline designs for laboratory are course preparation the speaker, pro bond. 
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means dikes and projecting spur-dikes groynes, which preferably 
should make the flood channel, say, 20% narrower than order 
encourage the scouring greater depths. 

the down-stream end this straightened section let the water 
restrained from changing its surface elevation, discharge into the 
Gulf, and the up-stream end the section straightened, restrain the bed 
from being scoured deeper the swifter current “sill”, analogous 
that built the head the Atchafalaya outlet from the Mississippi 
prevent its scouring deeper, analogous those built the head the 
“Passes”. 

During this rectifying channel and enlarging the cut-off trench some 
additional head for scour could had temporarily, needed, the water 
backing over the sill into the section next stream, until erosion had 
lowered the 

addition increase velocity and scouring force caused increased 
slope, depth, itself, tends cause increase velocity with 
increase power erode. 

under the original condition the curving river, scour and 
tation were equilibrium and the regimen thus established over the erodi- 
ble bottom, then under the new condition this increased current will dig 
the bed deeper than before, unless the river has hard. resistant bed. 

erosion the bed progresses the elevation the water surface along 
the middle and up-stream part the straight section will progressively become 
lower, because the decreased slope needed convey the water the deep- 
ened channel. Rapids will established over the sill placed previously 
the head the section, increasing height and steepness, until equilibrium 
established; and, finally, the would probably settle down nearly 
the same mean velocity all along the straightened river that originally 
found the crooked river; because with given quality bed material 
the control and establishment permanent regimen depends attaining 
the bottom velocity which not great enough dig and too great 
permit deposition. There commonly some margin between these limits. 
The feature greatest interest and apprehension trouble the pos- 
sibility that with the lessened obstruction from building the crossing-bar 
the channel, there would substituted the straight channel trouble 
from sand waves, moving irregularly here, there anywhere down stream 
the rate only, perhaps, mile per year. The experiment with the model 
might give some very useful suggestions. River observations have generally 
shown that the sand wave did not extend all the way across the channel, like 
the “crossing”-bar. 


The final longitudinal section the straight river, after regimen es- 


tablished, probably would differ substantially from that the natural curving 
river which works itself into succession pools and shoals, deep pools 
the bends, with their line maximum depth following along near the concave 
Shore, which pools are separated bars sediment, coarser gravel, deposited 
the place reversal curvature—the “cross-over”, the pilots call it— 
the channel shifts near the other bank. the straight river, the trans- 
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verse section the channel will more nearly uniform depth and there 
will occasion for gravel bars accumulate the cross-over, for 
there will such strongly marked cross-over. Possibly much this 
coarser material might find lodgment the depths the old pools. With 
the meander supply coarse material which now builds the 
bars, would lessened. 

the straight river probable that the flood would dig the 
sediment more deeply and more uniformly all along, and that the increase 
flood height caused these submerged dams rolled the current 
flood, would substantially reduced. 

After one section model river (or actual river) had been thus 
and lowered, the section next stream could undertaken, and the 
restraining sill between the two sections removed. each successive stage 
stream there would greater forces available for hastening the excava- 
tion, because the amount fall over the successive sills would cumula- 
tive; and the cumulative change fall due the lessened resistance 
flow straight deep uniform channel and slope possibly would dig the 
bed enough deeper that the upper reaches its floods would longer 
reach the top the banks, and levees longer 

The reported experience the past years with the Atchafalaya 
channel, below the outlet sill from the Mississippi, indicates that the test 
would successful. 

The many disastrous effects recorded resulting from cut-offs bends 
the Mississippi, past years, seem have been caused lack control. 
Things simply have run wild under the increased slope the shortened piece 
river. New bends have been eroded, banks undercut, vast areas fertile 
land ruined, the products scour deposited bars down stream and 
previously established regimen disturbed, said, for more than miles, 
the disturbed length extending both above and below the cut-off, and the 
river has not appeared satisfied until the original excess length has been 
restored. All this appears Nature’s method building deltas and fertile 
bottom-lands with material eroded from the. hills, but after man arrives and 
needs cultivate these bottom-lands food supply, change program 
most carefully planned control, with sills, groynes, 

stated previously, however, practicable type groyne has yet been 
developed, that could safely protect and restrain the 100-ft. depth the 
Lower Mississippi. Apparently, there now one that can cope with the Mis- 
souri and the Platte, and such laboratory test, therefore, would applicable 
those rivers and many others. 

There are hundred important problems that have not space here 
mention, the solution which laboratory this large scale could 
hasten. devised experiments the laboratory compared 
with observations the big river, would develop new lines analogy, 
test theories, and surely bring benefits and economies far outweighing the cost 
the laboratory, and give basis for deduction from observed facts, 
instead mere personal opinions, speculation, and philosophical discussion. 
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appears that early solution the more complicated. problems, and, 
from the standpoint National well-being, the graver problems highway 
transport, will reached only far the highway engineer, the highway 
official, the vehicle designer and manufacturer, and the organizer and operator 
highway transport systems, conference, can come understanding 
the aims each, and recognition the public service which 
they are called. this group should also added, steam and electric rail- 
way operators, that highway transport may find its appropriate function 
co-ordinated structure National transportation. 

The highway engineers and the motor vehicle manufacturers are now seck- 
ing common viewpoint, and are the way finding common purpose from 
which reach sound policies the financing, building, and the use high- 
ways. hoped that the contribution those representing other systems 
transportation scientific study these questions may had. 

Co-Ordination Research—The Advisory Board Highway Research, 
Division Engineering, National Research Council, organized prepare 
comprehensive National program for highway research; assist existing 
organizations co-ordinate their activities therein; and collect and dis- 
tribute information completed and current research. This not directing, 
but service, devoted the interest the individual researcher. 
Services that can rendered the individual researcher are soliciting sup- 
port for his projects, putting him touch with his fellow workers through 
Census Research, and illuminating particular field with sidelights 
from allied fields which project has its setting. The taxpayer will also 
benefit through co-ordinated research activity problems selected from 
comprehensive program with reference the applicability present-day 
problems. 

For example, highway researches the field economics operation 
are connected under Committee No. the Theory Highway 
Improvement, Professor Agg, Am. E., Chairman. New 
England, the tractive resistance automobiles and trucks being measured 
several types roads speeds miles per hour. The vehicles are 
tested for internal absorption energy the Yale Laboratory Professor 
Lockwood, and the gross tractive resistance determined the roads 
chusetts Institute Technology. Co-operating this work are: The 
Bureau Public Roads, Department Agriculture, the Committee 
Economic Theory Highway Improvement, National Research Council, 
the Connecticut Highway Commission, the Department Works, Com- 
monwealth Massachusetts, Harvard University, the Massachusetts Institute 
Technology, the Society Automotive Engineers, the United States 
Quartermaster Corps, and Yale University. 


Director, Highway Research Committee, Div. Eng., National Research Council, 
Washington, 
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The investigation includes the effect tractive resistance the tem- 
perature differential the vehicle, and various types tires. The 
gross tractive resistance composed several elements, such engine, 
ing, inelastic resistance body, tire, windage, road surface, which distin- 
guishes rolling, impact, and displacement resistance. Account must taken 
the absorption and giving out energy the rotating parts, accelerat- 
ing retarding speed. The technique these measurements not settled. 
The measuring instrument may accelerometer used coasting tests, 
dynamometer used towing tests, each which has its peculiar ad- 
vantages. The first task determine the best instrument measure 
the several elements into which the problem analyzed. The Bureau 
Standards has assembled apparatus which automatically records the measure- 
ments about fourteen elements car performance road tests. 

Professor Conrad, Am. E., Manhattan, Kans., con- 
ducting parallel the resistance the air the passage 

the University Michigan, Professor Lay study economic 
grades has towed four Packard trucks over gravel and concrete roads, after 
had determined their characteristics the laboratory. The gravel roads 
varied condition from wind-swept hard surfaces loose gravel surface. 
The road varied from smooth finish wavy condition. 
The gasoline consumption was also reported. The trucks were ton, with 
3-ton pay load, and were operated standard engine speed 1000 rev. per 
min., the gears being shifted meet road conditions. Professor Lay finds 
that for these trucks, the tractive resistance, including rolling resistance, tire 
resistance, and windage, varied from per ton the gravel roads, 
and from lb. per ton the concrete roads, all speed 
miles per hour. Professor Lay’s report shortly published. 

Ames, Iowa, Professor Agg has been investigating the 
highway location and operation, especially with view determining economic 
grades, and expected that his report will published January, 1923. 

The end view sound economic theory highway location and 
improvement. these investigations forms part whole. The 
individual researches profit and, the end, the entire 
results are more likely useful the formation principles 
co-ordinating service. 

the field design may mentioned the experimental road Pitts- 
burg, Calif., and the Bates test road near Springfield, investigations 
and the service test roads Byberry and Lancaster, Pa., Casper, Wyo., Alex- 
andria County, Virginia, Wilmington, Del., and Milwaukee, Wis. These tests 
are directed the same end and will supply co-ordinated data through the 
Committee Design; they will place the mechanics slab design sci- 
entific 

the field highway transport, the pioneer transport surveys the Con- 
necticut roads, started Commissioner Charles Bennett, Am. Soe. 
have formerly vague discussions, and have stimulated further 
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work. The examinations Dean Johnson, Am. Soe. E., the 
the University Tennessee, Professor Agg Iowa, the 
Bureau Public Roads California, and less complete traffic counts 
scores instances—all these need reported and examined for funda- 
mental laws traffic Committee Traffic 

useful and money-saving activity the Research Information Service 
the Advisory Board, which State informed the findings from in- 
vestigations another State. Cases can cited which one State has 
been saved the delay and cost investigation relating the use 
materials, when informed the completed investigation available from the 
work another State. The recent tabulation the incomplete returns 
the Highway Research Census the Advisory Board indicates not only great 
activity this field the 430 projects, but the possibilities economy 
time and money and the avoidance unnecessary duplication. Table gives 
the number individual research projects highway engineering and high- 
way transport. 


TABLE 


Economics. Operation. Construction. Materials. Total. 


Colleges and universities 
Industrial 

State highway departments 
State geologists 


must said, however, that duplication not necessarily evil; 
deed, useful fundamental matters, the case the investigation 
fatigue concrete. The parallel investigations Springfield, Purdue 
University, and the University Maryland, with different methods attack, 
will more certainly lead the truth. However, these cases, each will 
profit communication with the other. 

Mattimore, Assoc. Am. Soc. E., Engineer Tests, State 
Highway Department, Harrisburg, Pa., Chairman the Committee the 
Advisory Board the Character and Use Road Materials; also Chair- 
man the Committee Tests and Investigations the American 
ciation State Highway Officials. The latter Committee divided into 
sub-committees, each representing region the United States. Mr. Matti- 
more furnished the Advisory Board with administrative assistant, 
and this combined attack problems relating the materials construc 
tion represents well-organized committee activity. 

These few instances will serve demonstrate the value the services 
the Advisory Board combining individual researches. 
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The manufacture wood pulp hydro-chemical process; consequently, 
pulp mills are always located streams canals. Large volumes water 
are required and the waste waters which contain the spent chemicals and the 
washings the pulp, pollute the streams. Whether this pollution does dam- 
age down stream depends many factors, namely, the relative volumes 
waste and stream flow and the variations flow; the quality the 
river water and the character the wastes; the opportunity for mixing, the 
velocity the current, the existence riffles, slack water, aqueous vegetation, 
re-aeration, sedimentation, and the many factors which bring about the natural 
purification streams; and, finally, the use which made the river water 
down stream. These factors are common all forms stream pollution 
resulting from hydro-chemical processes, but there are two places where 
the conditions are exactly alike. polluted stream has its own set 
conditions, therefore, generalizations are hazardous. The speaker will only 
attention certain facts regarding pulp-mill wastes and discuss briefly 
the larger problem stream pollution industrial wastes. 

should noted that the pollution streams pulp-mill wastes only 
part more general problem—the pollution streams trees and tree 
products—a problem which appears many forms. Annually, the leaves fall, 
decay, and the products their leaching are carried into ponds, brooks, and 
rivers. Trees die and gradually their wood decomposes. Trees are floated 
down stream the mills, and their soakage tends increase the color river 
water, although the effect not great. Logs are sawed; the saw-dust lies 
heaps washes the rivers and the pollution takes different form. All 
these processes are slow, and the resulting pollutions are regarded natural. 
only when wood fiber treated chemically, when vast quantities logs 
are brought one mill, that stream pollution becomes problem. Pulp-mill 
pollution also akin that strawboard waste pollution and beet-sugar 
pollution, both which involve the decomposition chemical treatment 
vegetable fiber and the use water large volumes. 

There are three processes making wood pulp, which need distin- 
guished from each other because the difference their waste products. 
They may referred: as, (a) ground pulp; (b) soda pulp; and (c) sulphite 
pulp. The object all these processes separate the fibrous from the 
non-fibrous parts the wood, the fibrous materials being used for making 
paper. 

Ground pulp made cutting logs into short lengths and pressing them 
against rough grinding wheels kept wet with water. The resulting crude pulp 
washed, screened, deposited blanket, rolled, and dried. Mechanical 
pulp thus prepared contains not only cellulose but also lignin and resinous 
matter. The wash water contains large quantity wood fiber and extractive 
matter, sometimes 10% the weight the wood. Chemically, resembles 
saw-dust, but finely shredded instead granulated. 


Prof. San. Eng., Harvard Eng. School, Cambridge, Mass. 


he 
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the soda process, soft wood, usually poplar, chipped and digested 
hot caustic soda, the resulting pulp being washed, bleached, drained, and 
worked into the usual blanket form. Soda digestion soft grayish- 
brown pulp and black liquor which results from the decomposition the 
lignin and resins. large part the soda used recovered concentrating 
this black liquor evaporators, burning off the lignin and other organic 
materials rotary furnaces, leaving carbon and sodium carbonate which 
leached out and converted back caustic soda boiling with caustic lime. 
result, there wasted small volume black-ash sludge which contains 
little unleached soda ash, and large volume calcium carbonate sludge. 
small volume lime sludge resulting from the bleaching process also 
wasted. The liquid wastes consist wash waters from several parts the 
process. They contain wood pulp, soda, and hypochlorites, but are 
usually not large volume. recent years, electrolytic methods 
caustic soda and calcium hypochlorite from brine have been introduced and 
savings made which have reduced the waste products. said, however, 
that for every ton wood-pulp product about 150 caustic soda are lost. 

all the solid waste products from soda pulp mills were discharged 
into the streams, serious pollution would occur. Sedimentation basins are 
usually provided and with them possible retain the bulk the sludge. 
The volume the sludge very large, however, and the course years 
large areas are required. Unless the sedimentation beds are well operated, 
foul liquids are likely discharged from them, either drainage 
overflow times rain. the whole, however, the soda process, with its 
recovery methods, destroys large part the lignins and wood extractives 
burning, and the pollution streams soda pulp mills mineral more 
than organic pollution. 

the sulphite process, the wood fiber disintegrated the use the 
sulphites calcium and magnesium with excess free sulphurous acid. 
Spruce and hemlock are the woods commonly used. The sulphite manu- 
factured passing sulphurous acid through suspension milk lime, 
burning sulphur and passing the fumes into acid tower packed with 
crushed limestone dolomite, water being allowed trickle down the 
fumes ascend. The sulphite solution runs out the bottom the tower and 
pumped the digesters which the chipped wood packed. After digestion 
for several hours under high pressure, the contents are delivered into pit 
from which the waste liquor drains off, leaving the fiber. This waste sulphite 
liquor has the appearance thin molasses, and has woody, acrid, sulphurous 
odor. often contains much 10% solid matter, consisting wood 
fiber, lignin, resin, and wood extractives modified the process. generally 
contains sulphurous acid, sometimes much 0.5 per The pulp 
screened, washed, and perhaps bleached, and worked into blanket ready 
for paper-making, these processes yielding waste waters which contain fiber and 
other impurities. will observed that the sulphite process the lignin, 
resin, and wood extractives are wasted the stream, whereas, the soda 
process, they are mostly burned. For this reason, the pollution streams 
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sulphite pulp mills has proved more serious matter than that caused 
pulp mills using the soda the mechanical process. 
The volume the liquid waste from sulphite pulp mill large and 
may much 800 1000 gal. per ton pulp. said that for each 
ton finished pulp equal quantity organic material discharged into 
the stream waste liquor, together with about 400 lb. sulphur acid form 
organic combination. action the bisulphites the lignin 
produce mixture sulphonated substances which give rise lignin- 
sulphonic acid the calcium magnesium salts this organic acid. 
Earle Phelps, Affiliate, Am. Soc. E., has given the following average 
analysis two samples sulphite liquor, which may regarded typical: 


Parts 
per million. 

Analysis ash: 


Mr. Melville Whipple, who analyzed sample the waste sulphite liquor 
one the mills the Black River, New York, found that had iodine 
absorption equivalent 224 parts per million 

treating sulphite wastes has yet been devised. Its acid condition precludes the 
use bacterial methods without prior neutralization and its large quantity 
soluble matter makes settling processes little avail. Evaporation, which 
expensive process, seems necessary preliminary any method 
utilization. The use detention tanks for equalizing the discharge instead 
allowing heavy discharges occur intervals, some benefit but does 
not solve the problem. one considers the damage done and also the value 
the wasted, evident that the prevention pollution pulp- 
mill wastes worthy careful study chemical engineers. Sutermeister 
states that, Europe, mills have been obliged close, because has been 
impossible purify the waste liquors sufficiently comply with legal require- 
ments. Attempts have been made use the sulphite liquor road binder, 
binder for moulding sands, binder for powdered coal, fertilizer, sizing 
for paper, food for cattle, source dye-stuffs, material for insulation and 
artificial leather, source alcohol. The speaker has practical sug- 
gestions make this tinie the utilization and treatment wastes but, 
instead, will discuss briefly the effect sulphite wastes streams. 

The peculiar character waste sulphite liquor its sulphur content, its 
acidity, and its high organic Sulphite mills and often the villages 
which they are located, reek with the characteristic odor. Sulphurous acid 
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escapes into the air quantities that the water supply, used for process 
purposes, when exposed the air, absorbs it, the natural alkalinity the 
water being reduced measurable amounts. Sulphur other forms may 
also absorbed the process water, partly from the air, but even more from 
the pulp during the washing processes. One consequence this is, that the 
troughs and channels and even the screens and wash-boxes pulp mill 

become coated with slime which shown the microscope consist 
Beggiotoa, Spherotilus, Leptomitus, and other fungi which require sulphur 
for their growth. The slime often serious pulp mills and 
frequent shut-downs for cleaning purposes are required. The slime becomes 
dislodged from the troughs and settles the pulp blankets, making dirty 
spots which affect the sale the product and sometimes require the pulp 
re-washed. few years ago, one the Canadian pulp mills, the speaker 
experimented the control slime growths the use copper sulphate 
coupled with other chemical treatments, but this experimental work had 
given account the World War. Sufficient was accomplished, how- 
ever, warrant the statement that the slime growth can controlled 
proper treatment. 

fact which more than mere coincidence, that these three fila- 
mentous fungi, Spherotilus, Beggiotoa, and Leptomitus, found the water 
pulp mills, are also found sewage polluted waters. Together with 
and, perhaps, Saprolegnia, they appear require sulphur and, either 
choice effect, are found waters low dissolved oxygen content. These 
fungi are often found sticks and stones the streams below sulphite mills, 
appearing clumps tufts fibers, sometimes white like cotton, but more 
often cream-colored, gray, salmon pink. When they decay, they blacken and 
become foul smelling, condition usually associated with septicity, that is, 
with lack oxygen and bacterial decomposition. 

Deposits pulp sometimes occur below sulphite mills where there slack 
water. The shores often become covered not only with the fungi mentioned, 
but with growths Oscillaria, the long bluish-green filaments which enmesh 
the pulp. the sunlight, bubbles oxygen are generated, which also become 

enmeshed and float great masses the surface the water. Various animal 

forms take shelter these oxygenated masses, and other alge grow them 
until they become great centers microscopic life. there are other pulp 
paper mills down stream, the quality the water the lower mills likely 
seriously impaired for washing purposes. These growths can kept 
down the proper application copper sulphate. 

The practical effect discharging sulphite wastes into rivers depends 
the various factors already mentioned. One effect make the stream un- 
sightly reason deposits pulp and fungi and the alge growths just 
mentioned, and stream once becomes foul way, tends become 
catch-all for many kinds débris and filth. Uncleanliness contagious. 
Leighton, Am. Soe. described the effect the pollution 
Ausable River with sulphite wastes for distance twenty miles, and even 


the Pollution Lake Champlain”, Water Supply and Irrigation Paper, No. 121, 
Geological Survey, 1905. 
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into Lake Champlain. also described the pollution Bouquet River with 
soda pulp wastes. Some thought one time that increased the growths 
the lake, but this was never definitely proved. Phelps* has also written 
the general subject sulphite pulp wastes and described processes and pro- 
posed methods treatment. 

Pulp-waste pollution tends drive away fish. The fine pulp gets into their 
gills and the sulphite pollution may kill them exhausting the dissolved 
oxygen. The New York Conservation Commission has recently assembled 
data showing the tolerance certain fish industrial wastes and among them 
are the following: Bass, perch, and trout were killed about day 
sulphite wastes diluted and when diluted 100 trout fry and 
bass were killed several days. Dilutions 100, 200, and 500 did not 
kill perch several days. That death was due suffocation rather than 
poisoning was indicated the fact that dilution the sulphite 
liquor artificially aerated did not kill perch bass days. Bleach sludge 
diluted 500 failed kill perch days, and aerated bleach sludge 
diluted 400 did not kill perch days. Even the dilutions are far 
greater than these figures, sulphite wastes may tend drive away certain 
kinds fish which, like trout and salmon, apparently seek pure waters. There 
can doubt that there are selective differences among fish oxygen 
requirements. said that certain the grosser fish are capable tolerat- 
ing pulp-mill wastes, but acquire disagreeable tastes which make them non- 
edible. 

Sulphite wastes may also injure the water stream its use boiler 
water. least one instance, such wastes have been known make the 
water large stream acid, and the damage done them often more 
subtle than that produced the gross pollution the vicinity the 
mill. The salts lignin-sulphonic acid, whatever the compounds may 
which result from the action the acid bisulphite the lignous and 
resinous compounds the wood, have most persistent odor; even when the 
sulphite wastes are greatly diluted, can still recognized. Formerly, the 
water supply Augusta, was taken from the Kennebec River, and the 
imperfectly filtered water often had noticeable taste and odor resulting from 
the pulp-mill wastes Winslow, miles stream. The water supply 
Bangor, Me., taken from the Penobscot River, and before has the 
same characteristic taste. times, the alkalinity materially reduced and 
the coagulation the water rendered difficult. Watertown, Y., the 
Black River, polluted sulphite wastes Deferiet, Herrings, Carthage, 
and Lyons Falls, has the same taste and odor, which the filter has never been 
able wholly remove. The odor not removed aeration and the use 
chlorine times intensify it. The municipal authorities Augusta 
wisely abandoned the Kennebec River supply and substituted supply from 
pond not far away. Bangor, spite advice seek another source, the 
Penobscot supply has been retained and improvements made the filter plant. 


*“The Pollution Streams Sulphite Pulp Wastes’, Water Supply and Irrigation 
Paper, 226, Geological Survey, 1909. 


“Quality the Kennebec River Water Supply and Irrigation Paper, No. 198, 
Geological Survey, 1907. 
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Unfortunately, not the odor alone which causes trouble with down- 
stream water supplies. The sulpho-lignous organic matter interferes with 
the coagulation the water, reducing the efficiency and increasing the cost 
filtration. The exact nature the reactions has not yet been accurately 
out, but some studies have been made the Watertown filter, which 
have led modifications the process and improvements the results. 

The water the Black River deeply stained, its average color being 
about and its maximum color different years running 185. The 
quantity carbonaceous organic matter the water greater than that 
represented the color. discussion* the speaker before the Society 
1901, decolorization water, was shown that stained waters the 
matter, indicated the “oxygen consumed” test, was 0.125 part 
per million for each unit color; but, Watertown, tests have shown that 
the oxygen consumed corresponding unit color often double this 
quantity. The oxygen consumed also kigher seasons low stream 
flow, when the dilution less than other times. Some the colorless 
organic matter found Watertown may due sewage pollution, but 
inasmuch sulphite waste shows high figure for oxygen consumed, 
reasonable suppose that these wastes are important factor the Black 
River. There are visible evidences this pollution the Watertown filter, 
particles woody fiber from the waste pulp can easily detected the 
eye; fact, the superintendent the filter the habit making daily 
record the approximate quantity pulp observed the raw water. Phelps 
has shown that the “oxygen consumed” sulphite waste liquor from 000 
000 parts per million; therefore, even after being diluted several thousand 
times, the water would contain much organic matter, measured terms 
“oxygen consumed”, would correspond color 100 units. has been 
found, result filtration experience, that the quantities alum required 
for the coagulation unstored colored waters free from sewage and industrial 
wastes, ordinarily bear fairly definite relation the color the water; but 
the case the Black River water, the quantity alum required 
relatively great, largely because the organic matter from the sulphite wastes. 
When the water filters were designed Allen Hazen, Am. Soc. E., 
1903, was decided, result experiments made with colored waters, 
that period coagulation hours would required, time considerably 
longer than previous practice. Experience, however, has proved that even 
this was not long enough. 1917, existing settling basin was converted 
into coagulation basin which increased the period coagulation about 
days, and the results this longer period have proved beneficial. Better 
results have been obtained, although the quantity alum used has not been 
lessened. will seen, therefore, that, various ways, waste 
pollution increases the cost water purification. 

This not the whole story, however. Unless coagulation well accom- 
plished, that is, unless enough alum used and the time coagulation 
sufficiently long, some the alum combination with the organic matter 
will pass through the filter. Three objectionable results follow, namely, the 


Transactions, Am. Soc. E., Vol. XLVI (1901), 141. 
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filtered water retains some the “pulp-mill taste”; the water when heated 
for ordinary domestic service becomes corrosive, attacks iron, and causes red- 
water troubles; and the bacterial removal filtration not complete. These 
are all serious matters. Even with what regarded good coagulation, the 
sulphite taste may persist filtered water. 

one time, result experiments was thought that 
basic alum was generally preferable acid alum for water-filtration purposes. 
Later studies have made this doubtful. There are, perhaps, times when 
acid alum may give better results than basic alum, waters differ this 
respect. With alum made the filtration plant, now often the case, 
may possible modify its character obtain the best results for 
any particular water. 

Engineers once thought that they had obtained fairly complete under- 
standing this problem coagulation, but experience with mechanical 
filters, although the whole successful, has shown that there are many things 
learn about coagulation, especially the coagulation soft, colored waters 
and waters polluted with such wastes those from pulp mills. The nature 
the colloidal substances, the possible protective effect colloids bacteria, 
the relations between chlorine and organic matter, and the reaction between 
sulphate alumina and organic colloids, are some the subjects which 
chemists and biologists now have under consideration. 

Enough has been said, perhaps, show that the pollution streams 
pulp-mill wastes matter which may cause damage down-stream 
riparian owners and affect the health and comfort many people com- 
munities which take their public water supply from polluted rivers. also 
has bearing the general problem conservation natural resources. 
Pulp mills not only spoil the rivers, but they despoil the forests. Wood pulp 
useful substance, but there hardly any raw material that wasted 
lavishly. Without doubt, chemical engineers can solve the pulp-mill pollu- 
tion problem capitalists will provide the means, the laws are ample protect 


the down-stream riparian owners they are enforced but, the speaker’s 


opinion, better solution the problem lies preventive measures, that is, 
measures which will protect the forests. Conservation demands that tree 
trunks suitable for lumber used for that purpose. necessary find 
methods obtaining cellulose such that the newspaper which use day 
and the paper towel which serves the purpose moment are not made the 
expense tree which has taken twenty years grow. 

The speaker may wrong, but appears him that there now greater 
indifference stream pollution, greater laxity enforcing laws, than was 
the case before the World War. Probably, this merely part the wide- 
spread lapse from law and order unfortunately prevalent this time. 
condition which must not allowed continue. The pendulum may 
swing, perhaps, from too much laxity too much rigidity. The present 
good time, therefore, consider carefully broad spirit co-operation 
and scientific manner, the best way dealing with the whole subject 
stream pollution. Certain things have been demonstrated experience. The 
pollution stream may steadily increase without serious offense and with- 
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out attracting much attention, until suddenly crisis reached, the dissolved 
oxygen disappears from the water and the river wrecked. has been 
learned that cheaper and safer protect down-stream water supply 
filtration than up-stream treatment sewage, but that single line 
defense not enough. has been learned that many kinds manufacturing 
wastes impart tastes and odors waters, which cannot readily removed 
water filtration and that chlorination sometimes accentuates them, and that 
these tastes and odors may produced even when the polluting substances 
are very dilute. has been learned that river-pollution problems are not all 
related the public health. has been learned that because rivers flow be- 
tween States and from one State into another, the control pollution 
independent State action not adequate meet the situation, and yet the 
police power resides the sovereign States. evident that some new mode 
necessary deal with the situation; yet doubtful whether 
any better legal remedies will ever devised than the application the 
principles common law and the exercise police power the separate 
States. The speaker does not favor delegation the police power the 
Federal Government this matter, and present the powers the Federal 
Government are limited navigable streams. 

uniform policy throughout the country much needed. secure this, 
thorough scientific, economic, and legal study the whole subject stream 
pollution should made National scale joint committee representing 
the National bodies interested the different phases the subject, under 
the sponsorship one the Federal Departments with Congressional 
authority and adequate appropriation. This committee, after several 
years should formulate policy, suggest model laws, and 
recommend their adoption the several States. may possible organize 
river districts independent State boundaries, with commissioners whose 
duties would secure co-operative efforts keep the rivers clean and 


utilize the waters the streams the best advantage all the people living 


within the districts, leaving all legal actions where they now are and where, 
the interest good government, they should remain. The whole subject 
present chaotic state. Some State Departments Health attempt 
exercise almost despotic powers over the streams; other States, their 
action chiefly advisory; and, some States, there are pollution commissions 
independent the health authorities. Although there has been recent laxity 
law enforcement, hoped that the move will not toward too 
arbitrary enforcement ill-considered laws, but that means will found 
accomplish co-operative effort what difficult accomplish law. 
would appear that the Society one the organizations which should take 
the lead this important matter conservation. 
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WASTES FROM PULP AND PAPER MILLS 
CHEMICALLY CONSIDERED 


There are two main points view concerning pulp and paper-mill wastes: 
(1) That the owner the mill who wishes discharge wastes value 
into the streams which the mill located; and (2) that the sanitary engi, 
neer who wishes keep the stream unpolluted condition can rea- 
sonably required. 

Where industrial streams are not used for water supply, about all that 
necessary the treatment industrial wastes purification sufficient 
prevent the stream from becoming nuisance the community, account 
its appearance, deposits its banks, and odors. possible, should kept 
clean enough source enjoyment this community. Where streams 
are polluted and paper-mill wastes too large volume properly 
diluted and cared for the volume water into which they go, and this 
stream must used farther down its course water supply after filtra- 
tion, efficient treatment these wastes not only desirable, but necessary. 

The speaker began investigate the pollution streams wastes from 
pulp and paper mills about twenty-seven years ago and has been obliged 
consider the subject paper-mill wastes both from the viewpoint the 
sanitary engineer and the manufacturer who hesitates expend large sums 
satisfy extravagant demands for the prevention stream pollution. 

Many kinds wastes result from the making paper and more less 
complete classification them follows: (1) The wastes from pulp mills 
where wood, either poplar spruce, treated; (2) the wastes from digesters 
mills making paper from material other than wood pulp, that is, from old 
rope, carpets, bagging, old paper, and this stock treated digesters, 
the wastes resemble those from wood-pulp mills; (3) the waste liquor, very 
polluted, produced washing and beating such stock before treated 
digesters and made into paper; (4) the waste from mills which rags only are 
the stock treated with milk lime rotary boilers; and (5) the wastes from 
making pulp all kinds into paper. 

present, the wood-pulp mills treat either poplar, spruce, hemlock, the 
poplar being treated the soda process and the spruce and hemlock the 
sulphite process. Owing the decrease the supply poplar, the sulphite 
process perhaps gaining materially over the soda process. Two classes 
waste liquor are produced, one from each process. many mills, the digester 
liquor from ‘the soda process evaporated and the used chemicals recovered, 
thus preventing the discharge much waste liquor. The liquors from the 
sulphite process generally waste, that is, are discharged into the stream 
which the mill located. The following statements concerning two typical 
pulp mills Massachusetts, one using the soda process and the other the sul- 
phite process, can made. 


Chemist, Massachusetts Dept. Publie Health, Boston, Mass. 
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the pulp mill using the soda process, 500 Ib. soda ash are used for 
each charge the digester, this soda being causticized 90% before use and 
the residual carbonate resulting from this process used sizing. 
the 2500 soda used each charge, about 500 new, whereas the 
remainder has been recovered from the black ash previous digestions, the 
digester liquor having been evaporated and calcined. this mill, about 
000 000 gal. this digester liquor produced annually, which only about 
10% wasted, being lost during the washing pulp after digestion, the 
being evaporated for this recovery chemicals. The analysis 
this waste liquor from the soda process follows: 


Total solids (no suspended solids present)........... 000 


Volume for volume, this liquor perhaps one hundred times deleterious 
stream domestic sewage. contains large quantity organic matter 
and its oxygen demand while comparatively slow, enormous, perhaps twenty 
times that average domestic sewage. hours, gal. this waste will 
tically 4%—that destroys bacterial life the water into which flows, and 
deadly fish. Fortunately, the volume wasted small and will probably 
decrease the recovery chemicals increases favor. 

different story must told the liquor from the sulphite process. 
the plant under discussion none the digester liquor recovered, about 
000 000 gal. being discharged annually into the stream which the mill 
located. 

The speaker believes that few cases this liquor 
evaporation treated that becomes useful for certain purposes. 
contains parts per million organic acid, which should make its recovery 
value. During the World War, experiments were made looking the 
recovery manufacture alcohol from it. analysis this waste from 
the sulphite process follows: 


Parts 
per million. 


Total solids (no suspended solids present)............ 


Sulphur dioxide (as sulphurous acid sulphites)...... 400 
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This waste acid and contains practically much organic matter the 
soda-process waste. Its oxygen demand the stream enters, appears 
somewhat less, and slightly less deadly bacteria and fish. 
hours, gal. this waste will absorb 8.71 grammes 6088 cu. em. 
oxygen. There reason why the treatment this liquor should not 
demanded where sanitary conditions require it, probably can evaporated 
and products recovered which would pay least for the cost treatment. 
Neither these liquors can satisfactorily treated any known method 
purification other than evaporation and recovery bodies value. They are 
exceedingly inimical bacterial life, and mixed with sewage, other 
liquors, and passed filters, they destroy the value such filters. 

stated previously, wastes certain paper mills consist the liquors 
from washing old stock worked up, from treating this stock digesters, and 
from the paper machines. such mills, soda ash, lime, bleaching powder, 
white clay, are used and large part these chemicals are wasted. There 
generally saving soda ash other chemicals mills using mixed 
stock. The true wastes, however, are largely carbonaceous, and order 
purify clarify them satisfactorily, dependence must had straining, 
sedimentation with without the use preciptants, and filtration through 
filters sand, cinders, like material. the treatment domestic sewage, 
nitrification bacterial action depended where high degree purifica- 
tion required, but the small amount nitrogen paper-mill waste renders 
this process little value. 

Investigations the Lawrence Experiment Station showed that when 
carbon, nitrification still take place filter, but that was prac- 
tically killed when the amount carbon greater. this 
investigation, studies the behavior paper-mill wastes under certain con- 
ditions filtration were made, together with complete analyses such wastes, 
determine the relative amount nitrogen and carbon present them. 
Some bacterial action, however, does take place filters receiving carbonaceous 
wastes, this purification without nitrification being due certain bacteria 
which are active under conditions that prevent nitrification, but which cause 
chemical actions that break down organic matter and result the setting free 
carbon dioxide and nitrogen. 

Much the organic pollution paper-mill wastes suspension, and 
considerable part quite readily removed passing the liquors through fine 
wire some mills, large part the pulp formerly wasted from the 
paper machine saved this way, and large part the dirt various 
wash waters can also screened out. screening, sedimentation 
depended many mills save pulp, and such places aluminum sulphate 
also generally used aid sedimentation. The paper fiber saved this way 
much more than repays the cost construction and operation sedimentation 
tanks and the aluminum sulphate used. The aluminum hydrate produced and 
unavoidably mixed with the pulp used, value, generally speaking, the 
weighting paper and often much grains per gallon sulphate 
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used this saving fiber. The quantity oxygen absorbed hours 


wastes from mill representing the class using mixed shown 
Table 


TABLE 
OXYGEN ABSORBED GAL. 
Sample. 
Grammes. Cubic centimeters. 


Settled machine wastes............ 0.0804 21.2 


When the speaker first began study paper mills and their wastes, hardly 
was use and none the elaborate sedimentation and precipita- 
tion tanks that are common use to-day. the saving machine 
wastes the tanks, etc., the pollution streams prevented screens and 
sedimentation tanks through which are passed the waste liquors from the 
washing old stock. About the matters suspension generally 
eliminated this way hours sedimentation and from 90% practically 
all the matter suspension can removed 100 grains aluminum 
sulphate per gallon, are used. This means from 10000 14000 lb. per 
000 gal. and large amount precipitant, but being used some 
mills where necessary prevent the pollution streams. Where several 
million gallons waste are produced one mill, the removal sedimentation 
alone even 30% the matter suspension means much reduction river 
pollution. More than this, sedimentation and filtration can depended 
treat the mixed wastes for further The rates filter operation 
vary with the quality the liquor being treated, but rates from 
500 000 gal. per acre per day are used with good results. combination 
all these methods—screening, sedimentation, and filtration—it often possible 
remove 70% more the primary polluting matters paper-mill wastes. 
Apparently, however, the only wastes recovered with profit yet are those from 
the soda-pulp process and the wastes from the paper machine. Much research 
work being done, and probable that valuable discoveries will made. 
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THE TREATMENT AND DISPOSAL STRAWBOARD 


This paper gives complete account the studies made the Ameri- 
can Strawboard Mill, Noblesville, Ind., for developing methods treat wastes 
resulting from the manufacture paper from 

Process Making Paper from Straw.—Strawboard mills are generally 
located wheat-growing districts. The straw purchased from the farmers, 
baled, and shipped the mills where stacked large piles. The first 
step the process making paper cook the straw large ellipsoidal 
rotating steel boilers with steam and lime, about ton the mixture 
tons straw, until the woody fiber softened, and the whole mass has been 
reduced dark yellow pulpy consistency. The yield this point 
about 80% the weight the original stock. The pulp removed 
from the boilers, allowed drain, and then placed beaters and washers, 
where broken and the lime, fine particles straw, and other foreign 
material washed out. 

From the washing machines, the pulp carried water the paper 
machines, where taken felts and delivered train hot rolls 
that turn out the finished product. 

Volume Wastes the many sources wastes from straw- 
board mill, only two produce large quantities, namely, the washing and the 
paper machines. These two wastes come from separate parts the mill and 
differ widely composition, but they are approximately the same quantity. 
While the tests were being conducted Noblesville, survey was made 
seven other strawboard mills, order determine how far the analyses and 
flow data obtained the experiment station were representative the entire 
strawboard industry. 

already stated, the pulp from the cookers rotaries washed remove 
the lime, fine particles strawboard, and other foreign material. The 
quantity water used for washing the pulp varied considerably the dif- 
ferent mills where measurements were made, but the average was 200 gal. 
per ton strawboard made. This figure checks closely the average for 
long period the mill where the experiments were conducted. 

The waste from the paper machines consists the water used carry the 
pulp the train rolls. The measurements obtained the various mills 
visited, showed but the average, 19900 gal. per ton finished 
product, was almost identical with that obtained from the flow data the 
experiment station. Therefore, about 500 gal. waste was produced for 
each ton strawboard made. 

Composition waste from the beaters washing machines 
was far the most concentrated the two, contained the chaff, minute 
particles straw, and small particles other organic matter washed from 


San. Engr., Public Health Service, San Francisco, Calif. 
Data taken from Bulletin No. 97, Public Health 
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pulp after digestion the This waste also contained the lime 
washed from the digested pulp. 

When the survey was made the seven strawboard mills determine the 
volume wastes produced, series composite samples were collected from 
the wastes from the washing and paper machines and shipped the central 
laboratory Cincinnati, Ohio, for analysis. The results the analyses 
the washing machine wastes showed that the total suspended matter varied 
from 3000 almost 9000 parts per million; the suspended matter the 
supernatant after hours settling, varied from 450 2400 parts per 
million; the organic nitrogen, from 105 parts per million; the alkalinity 
carbonates, computed CaCo,, amounted 1870 parts per million; 
the oxygen consumed varied from 1480 3400 parts per million; and the 
oxygen demand, days 20° cent., from 1850 3600 parts million. 

The waste from the paper machines contained only the small quantity 
fiber and other finely divided material that passed through the screens, to- 
gether with the lime left from the washing process. The analyses from the 
mill where the tests were made and from the other seven mills covered the 
survey, varied within the following limits: Total suspended matter, range 
440 991 parts per million; suspended matter supernatant liquor after 
hours’ settling, 460 parts per million; total organic nitrogen, 
parts per million; carbonate alkalinity found only three wastes the eight 
reported; oxygen consumed, 191 970 parts per million; and oxygen demand, 
days 20° cent., 111 890 parts per million. 

The analyses the composites the two wastes the experiment sta- 
tion for the period the tests checked the averages the results from the 
mixed wastes the other seven mills, within reasonable limits. 

the basis the figures given for the average total volume waste per 
ton strawboard manufactured, and the rated capacity the mills the 
United States 1918*, there were approximately 000 000 gal. waste 
discharged from the various plants during the year. Computed the basis 
the average suspended matter the mixed wastes from all the plants visited, 
there were approximately 161000 tons dry suspended solids. discharged 
from the strawboard mills 1918. Much the material was short fibers 
straw, which the type machinery use that time could not save. 

Treatment experiment station was operated the Ameri- 
can Strawboard Mill from January 1915 June 30th, 1916. The test 
units consisted two settling tanks each ft. ft. deep; one 
chemical reaction tank, ft. diameter and ft. deep; one chemical settling 
tank, ft. diameter ft. deep; one chemical solution tank, ft. 
diameter and ft. deep; one mechanical filter, ft. diameter and ft. deep; 
two filters, ft. diameter and ft. deep; one filter, ft. diameter and 
ft. deep; and one filter, ft. diameter and ft. deep. 

From January July 1st, 1915, the plant was operated the prin- 
ciple mechanical filtration. Alum alone and lime and iron were used 
coagulants. The results obtained were unsatisfactory, due mainly the large 
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quantities chemicals required for efficient coagulation, the very low rates 
filtration through the mechanical filter, and the high percentage water 
required wash the this method treating the waste was im- 
practical, further description the plant, discussion the analyses the 
various effluents, will omitted for this period operation. 

During July, 1915, the plant was remodeled and operated until the close 
the tests the principle biological treatment the wastes. The two 
settling tanks were retained and operated during the first period, but all 
the other tanks were turned into filters. The filters were constructed fol- 
lows: One, ft. diameter, having ft. limestone screenings; one, ft. 
diameter, having ft. limestone; one, ft. diameter, with ft. 
unscreened cinders; one, ft. diameter, with ft. screened cinders; 
and one small screened cinder filter, ft. deep. 

Results Obtained the Experiment Station During Period test 
units were operated for about one year this period, and the results showed 
that strawboard wastes the character produced the American Strawboard 
Mill making paper from straw could treated that the final effluent 
could discharged into stream water having dilution factor 
least without creating nuisance the stream killing fish. 

The weighted average for the suspended matter the mixed raw waste 
for Periods and was parts per million. During Period the averages 
for total nitrogen and oxygen consumed were and 910 parts per million, 
respectively. The carbonates and bi-carbonates were 141 and 598 parts per 
million, respectively. The oxygen demand room temperature for hours 
was parts per million. 

The raw waste was settled tanks for period about hours, and 
the average suspended matter the effluent was 680 parts per million, which 
reduction per cent. This was computed the suspended matter 
the raw waste during Period The advantage longer storage periods 
over hours was practically negligible. The total nitrogen averaged about 
the same for the tank effluent for the raw waste. The carbonate alkalinity 
was reduced the tanks from 119 parts per million raw waste 63, and 
the was increased from 533 558 parts per million. The average 
for the oxygen consumed was reduced from 720 575 parts per million. 

The effluent from the tanks was treated filters the different sizes, 
kinds, and depths filtering material already described. Those coarse 

and fine limestone and unscreened cinders did not give satisfactory results 
and discussions them will omitted. Two filters screened cinders, one 
ft. diameter and ft. deep, and the other, 4.5 sq. ft. area and 4.5 ft. deep, 
produced satisfactory effluents. The smaller the two filters was 
tion months and the larger, months. 

The average analyses the effluent the large cinder filter com- 
pared with the average results from the influent are given the Table 

The suspended matter the effluent the large, screened, cinder filter 
had none the characteristics that the effluent the settling tanks 
the raw waste. was more like humus. The final effluent had slight 
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yellow cast and there was odor. The nitrification was low, but samples 
diluted with tap-water were stable the methylene blue test for hours. 


TABLE 
Influent, parts Effluent. parts 
per million. per million. 

Oxygen demand (24 hours, rocm 9.5 
Hours reduce methylene blue room temperature, dilu- 

tions, 1:10 and 1:3, respectively............ 


considering the results the analyses this filter effluent, should 
borne mind that the organic matter the waste was mostly cellulose that had 
been worked over the bed, and that its final condition wag not different 
from the material washed from woods lands covered with decayed vegeta- 
tion. When the filter was examined the close the tests, the top layer 
material had deposit resembling the original pulp; but below the upper half 
the bed, the color the deposit was dark and was alive with earth worms 
and other small organisms. The odor was much the same that noted when 
digging into soil rich with decayed organic matter. 

The filter contained considerable organic matter, but did not have the same 
effect the effluent that equal amount would have sewage filter, prob- 
ably for the reason that the clogging material was uniform composition 
and the life the filter was capable reducing before action 
could established. After the filter was examined, was flushed with water 
and the filtering material thrown out the beds. The first water from the 
flushing carried out large quantities black matter and masses 
earth worms and other organisms, and, later, the accumulation from the 
top layers came through. While digging out the cinders, was observed that 
the voids were fairly clear and that the material remaining after flushing 
was gathered around the filter media. believed that cinders screened over 
}-in. thoroughly washed with water, can used for many years 
treat settled strawboard wastes, but may necessary flush the beds 
about once year remove the clogging material from the lower half 
the bed. There probably would objections using settled waste for 
flushing, but water available should used, would freshen the 
filter and not add the same burden organic matter the receiving body 
water that would result from using the settled 

Settling Period and Rates settling periods the tanks 
the experiment station varied from hours. The suspended-matter 
results for the various periods showed conclusively that hours settling 
was sufficient remove practically all the settleable matter that could 
removed tank treatment economical period time. The screened 
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cinder filters were operated for several months net rate 400000 gal. 
per acre per day, and the results obtained were satisfactory. This rate has 
been set the maximum for settled strawboard wastes, and believed 
that can maintained for many years, provided the filters are flushed 
with water tank effluent whenever they become clogged that the influent 
does not flow readily through the beds. 

Treatment the Wastes the Activated Sludge Process.—Laboratory 
tests were made determine whether this process would applicable this 
class wastes. Air was blown through sewage large-bore, glass tubing 
until satisfactory floc had been obtained and then waste was added grad- 
ually replace the sewage. The results obtained after prolonged aeration 
were not satisfactory the supernatant liquor after settling min. invari- 
ably contained about 105 parts per million suspended matter and the color 
was only slightly less than that the raw waste. The analyses did not show 
high degree purification that obtained the tanks and filters. 

Accumulation, Composition, and Disposal measure- 
ments and analyses were made the sludge deposited the tanks. The meas- 
urements showed that about 2.75 tons dry solids were deposited per 000 
gal. waste treated and this, computed 87% wet sludge, gives yd., 
0.9 cu. yd. per ton product. 

analyses the sludge different stages decomposition, and 
horse manure are given Table 


TABLE STRAWBOARD WASTE SLUDGE MANURE. 


PERCENTAGE (DRY 100° CENT.) 


Source. 


Total Total 
Total Calcium 


Fresh sludge from settling tank....... 0.6 
Digested from settling tank.... 1.0 0.48 0.42 
Sludge from old settling pond.......... 0.6 

Horse (including litter.)...... 


Data from Bulletin No. 246, Ohio Agricultural Station, 726. 


The disposal the sludge presents rather difficult and expensive prob- 
lem. the basis the data obtained the tests, there would pro- 
duced the American Strawboard Mill tons dry solids per 
hours, about cu. yd. wet sludge. The only practical method developed 
for disposing the sludge was dry shallow beds cinders 
apply land under cultivation for grain grown sections where wheat 
raised. Field tests were made, using the dried sludge fertilizer, and 
satisfactory yield were found for corn when tons per acre were 
used. nearly could determined, the sludge had about the same value 
fertilizer ordinary yard manure. small box tests, the dried sludge 
invariably increased the yield wheat, oats, and vegetables. 
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Effect Filtered Waste Fish small box, ft. long ft. 
wide ft. deep, was placed under the outlet from the large, screened 
filter bed. The effluent discharged into this box was diluted with part 
fresh water, and into this mixture minnows were placed. this dilution, 
the fish lived from May 8th July 1st, the experiment station was 
dismantled. 

Treatment Plant the basis the data obtained the 
tests, was recommended the report that settling and sludge storage 
capacity about 975 cu. ft. per ton daily output from the strawboard mill 
provided ordinary plain settling tanks. For drying the sludge, was 
recommended that 875 sq. ft. filter area provided for every ton straw- 
board made and that the beds made unscreened cinders about in. deep. 

The filters used the tests that were most satisfactory, were made 
cinders ft. deep, and the highest rate treatment that gave satis- 
factory results was gal. per acre per day. the basis these data, 
was recommended that 4171 sq. ft. filter area provided for each ton 
product made, 772 cu. yd. cinders per ton. 

the time the experiment station was placed operation, 
practical method was known for treating wastes produced from the manu- 
facture paper from straw. Where this type waste had caused serious 
nuisance the receiving bodies water, dikes had been constructed, some- 
times enclosing many acres land, and the ponds thus made were 
used means storing wastes. Evaporation and seepage into the ground 
were taking care the waste. 

The testing station was planned and operated modify the character 
the waste that the organic matter the final effluent, whether sus- 
pension solution, not draw heavily the oxygen supply the 
receiving body water kill fish, and would not form offensive sludge 
deposits. 

was believed that this was far the first studies should go, leaving 
the subject open for further investigation, with particular reference the 
effect the treated waste water filtration plants purifying water from 
bodies water containing the waste. This phase the problem can studied 
only after large treatment plants have been placed operation. 

The results obtained the tests showed that strawboard waste can 
treated reasonable cost, that body water affording dilution factor 
least can receive the final without danger causing 
nuisance killing fish. low dilutions, there will some increase 
color from the treated waste and increase the alkalinity, but harm- 
ful bacteria will added, and believed that domestic sewage from 
sprinkling filters will have more effect stream water than equal 
volume the treated waste. 

complete description the experiment station, together with large 
amount analytical data and the final detail are given 
the report the tests. 
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RELATION WATER POWER THE PULP AND PAPER 
INDUSTRY CANADA 


The purpose this paper illustrate the important assistance con- 
tributed various branches engineering the development pulp and 
paper manufacture solving the unusually large power requirements 
this industry. Motive power for the production pulp and paper vital, 
being almost important the raw material. The importance cheap 
power may judged from the fact that requires practically 100 
make ton paper per day. the various processes followed, the average 
figures large Canadian mill show that mechanical pulp requires 
per ton daily output, which for grinding alone; sulphite pulp 
requires 8.7 per ton daily output, and other large mills high 
from p., whereas the production newsprint from pulp con- 
sumes for the same unit output. The continuous operation mills 
this industry, usually hours per day, permits advantageous use 
power, and direct water power hydro-electric energy further allows cheap 
unit cost for the amount consumed. 

Importance Pulp and Paper Industry Canada.—The development 
this industry Canada has been rapid and the cheap power required brings 
close touch with the resources. These facts recently led 
special survey conditions the Dominion Water Power Branch the 
Department the Interior, Ottawa, and the various data here presented are 
largely based the information thus gathered. The remarkable expansion 
during the last generation may judged from pulp and paper export trade 
Canada, which said have amounted only $120 1890 compared 
with the present figure more than $100000000. According the figures 
the Bureau Statistics, for 1920, the pulp and paper industry Canada 
represented total capital investment $347 553 333, found employment for 
persons whose yearly wages and salaries amounted $45 253 893, and 
the value the products totaled The fact that this industry 
requires large quantities cheap power practically restricts hydraulic 
energy and the position acquired Canada this field rests adequate 
and abundant water powers well distributed among extensive forest resources. 
The importance cheap power the manufacture pulp and paper may 
further gauged comparison with other Canadian industries, the power 
requirements which are also large. Census figures for 1920 show that for 
every 100 installed the pulp and paper industry, lumbering had only 

Total Power Installation.—In this paper and Tables and the general 
term “pulp and paper mills” refers all mills, whether they produce only 
pulp paper both these products. 

Fig. map Canada showing the location pulp and paper mills 
operated water power hydro-electric energy. 


Director, Dominion Water Power Branch, Dept. the Interior, Ottawa, Ont., Canada. 
Ottawa, Ont., Canada. 
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The energy derived directly indirectly from water power for the oper- 
ation pulp and paper mills Canada amounts 637 080 p., which 
476 503 controlled directly the pulp and paper organizations and 
the additional 160577 represents purchased hydro-electric energy. This 
paper deals with only the important relation water power the pulp and 
paper industry and does not include data mills which steam used 
motive power. Canada, the use steam power this industry very 
limited, being prompted most cases special conditions, such operations 
where refuse from the manufacture lumber can used fuel. The census 
returns 1920 show total steam-power installation pulp and paper mills 
only p., and the capacity the three four larger steam-oper- 
ated mills which special conditions obtain, excluded, the remaining unit 
capacity small. 

Electric Drive the electric drive important con- 
sideration. the entire water-power installation for the various mills, 
total 178911 converted into electrical energy before used 
operate the pulp and paper machinery. The advantages the electric drive 
are many; uniform speed assured, which primary importance gov- 
erning the quality the product; also allows the centralized operation 
large mill receiving power from several hydro-electric sources, and closer 
study power conditions, adjustment, and consumption permitted. 
number cases, the hydro-electric power generated quite distance from 
the mill which used. most instances, the mill located 
water-power site and when gradual expansion has necessitated additional 
power, another near-by hydraulic site has been developed and hydro-electric 
energy transmitted the mill permit centralized operation. 


INSTALLED AND PURCHASED. 


Turbine installation. 


Province, Total 


Hydro- from all 


Direct 
sources. 
Total. 


drive. electric 
(1) 


800 
170 
224 412 
Brunswick.... 
Nova Scotia 


Canada 297 592 178 911 476 503 160 


Operation from Purchased Energy.—In the Provinces and 
Ontario, large power organizations supply considerable power the. pulp and 
paper industry. Quebec, the Shawinigan Water and Power Company and 


Number 
(6) (7) (8) 
122 242 746 
152 967 867 
999 
839 488 687 080 
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its allied organizations supply about 80000 p., and Ontario, the Hydro- 
Electric Power Commission and Toronto Power Company together supply 

Motive Power method producing power for the 
operation pulp and paper mills summarized Provinces Table 
Although large amount water power still used drive the mill equip- 
ment directly from turbines, considerable part utilized first converting 
electric energy for the more convenient electric motor drive. 

Characteristics Geographic Groups.—Table illustrates the predominat- 
ing features certain districts into which Canadian mills may arbitrarily 
grouped. the greatest contrast exhibited this table between 
the class mills found the Niagara and Toronto, Eastern Ontario, Mon- 
treal, and Quebec groups, where large number, the average capacity 
which small, produce much the miscellaneous kinds paper, whereas 
the British Columbia and more northerly groups Ontario and Quebec 
comprise mills large capacity, requiring much power produce principally 
pulp and newsprint. 


Various 


AVERAGE 
Tons PER MILL 


lation electric. group. group. Pulp 
News. |Others. 

British Columbia...... 800 800 760 147 
North and Western 

North Lake Huron.... 810 270 268 223 
Niagara and Toronto 

Montreal District and 

St. Maurice Valley and 

Lake St. John and 


Lower St. Lawrence 


General Conditions Each Province slightly 
ahead Ontario the pulp and paper industry. British Columbia ranks 
next, followed New Brunswick and Nova Scotia. This industry has yet 
introduced the prairie Provinces. 

The Province Quebec has mills with total 312867 The 
three largest mills are Grand Mére, Kenogami, and Shawinigan, each 


requires about Among other large mills requiring between 
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000 and 000 p., are those Hull, East Angus, Brompton, Chicoutimi, 
Clark City, and Cap Magdelaine. 

The Province Ontario has mills with total p., in- 
cluding that Iroquois Falls, reputed the largest, which requires 000 
Another mill located Ottawa with 789 p., and mills requiring 
between 10000 and 20000 are located Sault Ste. Marie, Espanola, 
Sturgeon Falls, Thorold, Fort Frances, and Fort William. 

British Columbia has mills with total p., the two largest 
being Powell River and Ocean Falls with respective installations 
and 20550 

New Brunswick has mills with total installation p., and 
Nova Scotia has mills with 999 

Future Power Requirements the has recently been esti- 
mated that the present demand for pulp wood requires about 20000 acres 
Canadian forests per year and, following the trend other commodities, this 
consumption will probably increase rapidly. Although the reforestation now 
being extensively conducted, will later help remedy this depletion, must 
noted that from 100 years are for suitable growth. Until 
full results are realized will doubtless necessary extend wood pulp 
operations farther and farther north and the bountiful supply Canadian 
water power these regions will facilitate the fullest development this 
industry: 


| 


1408 MARINE BORERS [Papers. 


MARINE BORERS 


Regardless the enormous damage done marine borers for centuries, 
they have been given very little systematic study. The Transactions the 
Society contain four papers the subject.t 

The paper Mr. Snow scientific study the various borers them- 
selves, whereas the other papers treat largely methods protection from 
their action. various papers harbor construction, many references 
the subject are also made. 

far known, the studies now being the United States 
the National Research Council, and Great Britain the Institution 
Civil Engineers, are the first attempts solve the economic problems 
involved harbor salt water the close co-operation biolo- 
gists, chemists, and engineers. Both organizations are studying the borers 
well materials, methods construction, and methods for the protection 
existing structures threatened with attack them. 

Marine borers are found fossil form and have been the source great 
economic loss ever since the first structures were built floated salt 
water. They are mentioned the Bible where, according German biolo- 
gist, Moll, the following passage occurs: “As the worm the wood 
ugly wife destroyeth her husband,” and the writings many the 
early Greek and Roman scientists contain references them. early times, 
the true classification the borers was not recognized, and those the teredo 
type were thought worms. 

The destructive borers far identified, belong two families, the 
Mollusca and the Crustacea, shown Fig. The teredo group belongs 
the family mollusks, the oyster and clam, whereas the crustacean 
group, allied the lobster and crab, are represented the limnoria, 
and other similar organisms. The mollusks are also represented the pholas, 
martesia, and other forms which the body the animal inside the shell 
like that the oyster, instead outside it, like the teredo. 

the two families borers, the mollusks are probably the more danger- 
ous, because they enter the structure through minute holes and their exca- 
vating out sight, whereas the crustaceans bore comparatively shallow holes 
small diameter, honeycombing the surface. The work the latter group, 
therefore, can readily discovered inspection. 

The beginning modern literature and study these organisms dates 
back the Sixteenth Century. This study was first brought about the 
destruction the dikes Holland, just the beginning the study now 
going the United States can traced the rapid destruction between 


Director, Committee Marine Piling Investigations, National Research Council, New 
York City. 


Transactions, Am. Soc, E., Vol. III (1875), 155; “The Preservation 
the late Putnam, Assoc. Am. Soc. E., Vol. (1880), 206; Piles 
Against the Teredo Navalis the Louisville and Nashville Railroad Company’s Lines”, 
Richard Montfort, Am. Soc. E., Vol. XXXI (1894), 221; and “Marine Wood: 
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1918 and 1921 the structures the upper part San Francisco Bay. The 
destruction Holland was caused the species, Teredo Navalis, and, unfor- 
tunately, the name this particular species covers, the minds most 
engineers and many scientists, borers this type. For this 
reason, statements the presence this most destructive species must 
looked with doubt, unless the identification has been made competent 
biologist. 

thought that the molluscan borers not obtain any nutriment from 
wood stone, but that they bore only obtain shelter. Their food obtained 
from the plankton the sea the same manner that the oyster and 
clam. The source the food supply the crustaceans more obscure, but 
seems probable that some them obtain nutriment from the wood. The 
facts the food supply animals have important bearing the 
measures taken for from their activities. chemical means 
are used, some poisons would valueless the organism did not digest the 
impregnated wood. 

The teredo and Xylotrya (Bankia) are the most destructive the boring 
organisms wide distribution the United States. They excavate and line, 
with shell, burrows the wood shelters for their long worm- 
like bodies. The excavating done with the shells which are the head 
the animal the inner end the burrow. These shells are actuated 
powerful muscles and differ thickness, shape, and character with the species. 
Some species have file-like teeth, whereas others have teeth like wood rasp. 
The gills and digestive organs are immediately behind the shells, and the body 
reaches back the minute hole through which the animal entered the timber. 
This end the animal equipped with two organs, the pallets and the 
syphons. The structure and shape the pallets differ the different.species, 
and the characteristics these organs form the most important means 
identification. The pallets all species have some common characteristics 
form and all serve the same purpose. pallet concave the inner 
and convex the outer surface, and when brought together they form cone 
with the point outward. Ordinarily, the pallets project from the wood into 
the water and are separated. When disturbed, the animal brings the pallets 
together and pulls them in, thus closing the hole and shutting out enemies and 
harmful material. 

The syphons are two muscular tubes normally extended between the pallets 
outside the timber. this position, constant stream water carry- 
ing food passes through the incurrent syphon and corresponding stream 
carrying the body wastes and the saw-dust resulting from the boring, passes 
out through the excurrent syphon. The syphons the Teredo Navalis extend 
from in. in. outside the timber, and badly infested pile looks 
was covered with grey moss. When the animal disturbed its syphons are 
retracted inside and protected the pallets when they are closed, and 
sign the presence the animal shown outside the timber. 

The rate boring and growth the body the animal the same, 
that the burrow always filled. This rate varies normally from in. 
in. per month for the more common species. the float the New Jersey 
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Oyster Commission that was destroyed Barnegat Bay 1921 the Teredo 
Navalis, there were terédo per cubic inch. They were crowded that they 
could not grow, but weeks age they were about in. length and 
sexually mature. 

The food these animals consists principally the countless marine 
organisms known zoologists “plankton.” Dr. Kofoid, Professor 
Zoology the University California, states: 


“The ocean common with lakes and rivers produces each year crop 
rather succession crops microscopic food known plankton 
the ocean meadows whose tonnage per acre and whose chemical composition 
compares with the forage crops wild and cultivated lands.” 

The borers feed this exclusively, appropriating passes 
their doors. They never foraging, except case the free-swimming 
The variation the supply this food seasonable and largely 
responsible for the variation the activity the borers. Although 
infested territory there generally sufficient food supply for the maintenance 
life, there not always enough enable the borers maintain maximum 
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activity. The period reproduction generally corresponds that ample 


food supply. 

The life history the Teredo Navalis and Xylotrya (Bankia) fairly wel! 
known. The young the Navalis are born free-swimming 
whereas the eggs the Xylotrya are ejected the female, fertilized, and 
the hatched the water. From this time, the history the larve 
both species the same. The Dutch naturalist, Sellius, states that the 
body medium sized Navalis, found 1874000 larve. The 
Xylotrya (Bankia) does not produce many eggs and their method repro- 
duction results much lower rate survival, the Xylotrya (Bankia) not 
destructive the Navalis. The larve both species are free-swim- 
ming for about month, until the weight the shell sufficient sink 
them. When they come contact with satisfactory piece timber, they 
attach themselves means sticky thread and commence boring. 

The rapidity with which these types borers spread, can readily 
ciated when realized that single, thoroughly infested pile may contain 
from 100 000 females, each producing more than 000 per 
year. The which these borers work not known exactly, but prob- 
ably varies with the species. Both species under consideration will work 
depth excess fathoms, and some species were dredged from great 
depths the Challenger Expedition. 

The martesia another type molluscan borer which present, far 
known, only the Gulf Mexico. greatly resembles the clam 
appearance, the body ‘the animal being inside the shell, and seldom more 
than in. length. This organism very destructive, but far known, 
its range limited. differs from most the other borers the fact that 
thorough creosoting gives protection. Very little known its life 
history. 

The pholas, known the Coast the “rock-boring clam”, some 
what resembles the martesia, except that reaches greater size. bores 
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wood little any. does however, bore freely limestone, sandstone, 
and granite, shown Fig. the right and left, above. The fragments 
pine pile the center show the attack the martesia and the bottom 
are burrow linings the Teredo Navalis. The board which the specimens 
are placed mahogany bored teredo the West Coast Africa. The 
presence pholas concrete has not been reported with certainty sufficient 
indicate that menace, but does attack concrete, will readily 
seen that few holes the vicinity reinforcing rods will result great 
damage. There are number other molluscan borers American waters, 
but far there little indicate that they have any great economic im- 
portance. 

Next the Teredo Navalis and Xylotrya (Bankia), the limnoria the 
crustacean group the greatest importance. This animal has 
flat body with fourteen segments and about the size grain rice. 
has stout legs, some which are equipped with claws like young lobsters. The 
eggs are carried the abdomen the female and the young, when born, are 
able swim and walk well bore. Although the rate reproduction 
much lower than the teredo group, the proportion young reaching 
maturity much greater. 

The limnoria chews the wood with its mandibles, making small galleries 
about in. diameter and in. deep. one specimen examined San 
Francisco, there were from 200 240 burrows per square inch. appears 
probable that the limnoria uses the excavated wood food limited extent. 
Fig. fragment Southern pine pile showing Xylotrya attack, 
cut between medium and low tide, after three years service Biloxi, Miss. 
shows the results limnoria untreated pile after two years service 
Boca Grande, Fla. shows the results limnoria and teredo action. The 
last specimen was secured March, 1922, Manhattan Beach, 

The another crustacean borer similar the limnoria its 
bodily structure and method work. olive reddish brown, marked 
with yellow, whereas the limnoria greyish. This species reproduces the 
same manner the limnoria; there is, however, little knowledge the life 
history either species. The larger than the limnoria, and its 
burrows are frequently in. diameter. Its activities are generally the 
tidal plane, and not often found the greater depths which the 
limnoria and teredo work. This species does much less damage than the 
limnoria, but its activities are not confined salt 

The chelura, another species the crustacean borer, less importance 
than the limnoria Its work has the same appearance the 
limnoria, and the two species are frequently found together. Thus far, the 
chelura has only been identified the South Atlantic and Gulf Coasts. 

Marine borers one species another exist salt water practically all 
over the world, and there are some species which work fresh water. They 
are various sizes and differ their living requirements and capacity for 
destruction, but all them, identified far, are classified either the 
crustacean groups. The species teredo living the open 
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sea ships bottoms, grows ft. length and in. diameter, whereas 
the Teredo Navalis seldom more than in. diameter and in. long. 
The Xylotrya (Bankia) sometimes in. diameter and ft. long. 

The living requirements the different species are not known with cer- 
tainty. thought that the (Bankia) requires salinity least 
parts per thousand and will not work effectively where there considerable 
pollution sewage industrial wastes, although recent reports from Seattle, 
seem indicate that may have greater resistance pollution than 
has been supposed. 

According the older European reports, appeared that the Teredo Navalis 
would not live water with salinity below parts per thousand, but the 
exhaustive experiments, under the direction the San Francisco Bay Marine 
Piling Committee indicate that this species will maintain fairly active life 
with salinity low parts per thousand, and this result has been 
confirmed experiments the biological laboratory Plymouth, England. 
has also been demonstrated that this species will live least days 
fresh water, although will not work under this condition. salt water 
supplied after this 28-day period, the animal will open its pallets, extend its 
syphons and begin work. fresh running water, does not seem survive 
much longer than week. Experiments the San Francisco Laboratory have 
also shown that the Teredo Navalis will live and work with full efficiency 
water polluted sewage that there free oxygen, and putrefaction 
taking place. These experiments are corroborated the activity this 
species Creek which very foul, and its immunity from the effect 
industrial wastes shown its destruction the wharves the Standard 
and Shell Oil Companies where refinery wastes were discharged into the water 
which, with the piles, was covered scum oil. The wharves the Shelby 
Smelter Company, under which there was discharge copper sulphate, were 
also destroyed. 

The crustacean borers have not been studied, but seems prob- 
able that the limnoria requires fairly high salinity and not seriously 
affected pollution. The likewise little affected pollution, 
but will live and work either salt fresh water. The requirements 
the chelura are little known. Fig. shows the typical appearance piles 
attacked limnoria. 

The distribution the more common borers, far known, 
follows: 

The Xylotrya (Bankia fimbriata) found from Nova Florida, 
throughout the Gulf Mexico, and from California Alaska. 

The Teredo Navalis reported many writers all coasts, but many 
reports are doubtful accuracy. has been identified the vicinity 
New York City and San Francisco, and Europe, from Norway Italy, 
except the Baltic Sea east Kiel. Some species exist the Eastern 
Mediterranean and Black Sea. reported that ships the blockade 
during the Crimean War, were damaged and some them sunk 
the Teredo Navalis. 
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The limnoria found all the coasts North America and prac- 
tically the same locations the Teredo Navalis Europe. Its maximum 
activity occurs near the North Cape well points farther south. 

The limits the are not absolutely defined, but seems 
general distribution. 

The chelura has been identified far only the South Atlantic and Gulf 
Mexico. 

Some harbors seem immune from the activities some all the 
borers, and the reasons for this are among those facts which the 
National Research Council trying develop its investigation. Boston 
Harbor, for example, has been generally immune from teredo attack and 
although limnoria are present, great damage has been done. the paper 
presented Mr. Bayley 1874, previously mentioned, stated that 
marked reduction the activity teredo had taken place the Port 
New York, the three four preceding years. was thought Mr. Bayley 
that this was due increase the sewage pollution. this was the 
correct explanation, probable that the Xylotrya (Bankia) was the species 
present, has been that the Teredo Navalis lives water 
with much higher sewage content than that New York Harbor. The 
activities the teredo may influenced many other factors, about which 

The rate destruction the borers does not seem greatly 
affected the different kinds timber common use for construction 
purposes the United States. 

Fig. shows the destructive action the Teredo Navalis 8-in. 
Douglas fir test piece planted July 1st, 1920, the Southern Wharf 
Port Costa, Calif. The first larvee were discovered August 4th, and the 
timber was removed December 8th, 1920. Section was ft. in., Sec- 
tion was ft. in., and Section was in., above the mud-line. The 
contrast between inshore (right) and offshore (left) the intensity 
attack may noted. The speaker had wharf completely destroyed 
Xylotrya months Resurrection Bay, Alaska. Courtenay, Am. 
Soc. E., reports that platform for carrying test pieces under wharf 
Pensacola, Fla., was destroyed days. Under favorable conditions, 
either the Teredo Navalis the Xylotrya will destroy 14-in. pile 
months. 

The rate destruction the crustaceans lower than that the 
Mollusca. waters where the limnoria active, seldom destroys yellow 
pine fir pile less than year. 

The outbreak San Francisco Bay fully described the valuable 
the San Francisco Bay Marine Piling Committee issued 1921 
and 1922. history repeats itself one may reasonably assume that similar 
outbreaks may occur other places formerly immune. 

Borers, probably the Xylotrya, had existed the Lower Bay for many 
years, but were unknown the vicinity Mare Island and Carquinez Straits. 
The Teredo Navalis was first identified 1914 the long pile dikes pro- 
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tecting the channel the Mare Island Navy Yard, and the borers apparently 
spread slowly through these dikes the following years. Their activities 
became noticeable other points 1919 and, the end 1920, they had 
destroyed many structures near Mare Island and Carquinez Straits, over 
distance about miles, and had been found Antioch, miles the 
Sacramento River. There strong tidal current through Carquinez Straits, 
which undoubtedly aided materially the distribution the larve. 

Previous trouble with borers had not been experienced the Mare Island 
Navy Yard and, consequently, the Navy Department had started build 
pile highway bridge between Mare Island and Vallejo, using unprotected 
timber. few days before this bridge was opened for was 
discovered that number the piles were eaten off and hanging from 
the drift-bolts. was necessary re-drive the entire structure with 
piles. for corporations owning structures this territory estimate 
that the cost repairs damage caused borers the end 1921 was 
more than The history this attack clearly shows that previous 
immunity does not justify the assumption that such immunity permanent. 
Eternal vigilance the price safety. 

Since the beginning history, efforts have been made protect structures 
from these organisms. The and the Vikings charred their ships 
and painted them with pitch, and the galleys Troy were sheathed with 
lead. The writer has recently received letters from inventors and others who 
think they have discovered something new. Frequently, investigation shows 
that these “new” ideas have been tried the Ancients. necessary, 
therefore, that harbor engineers seeking protect structures from the ravages 
borers should thoroughly familiarize themselves with the history the 
borers and the attempts secure protection from them. 

The Forest Products Laboratory the Department 
collected great amount data methods protection and, 1913, ex- 
haustive report was prepared Mr. Armstrong, which, unfortunately, 
was not published. The Committee Marine Piling Investigations the 
National Research Council continuing this study and hopes publish the 
results soon. This report divides protective methods into three general classes: 
The first includes reports the charring timber, the use built-up piles 
and unbarked piles. None these methods has any permanent value. The 
second includes protection mechanical means and the third impregnation 
with various chemicals. 

The second method subdivided into painting coating, with paint com- 
pounds, protection metal sheathing, earthenware pipe, pipe manufactured 
other material, concrete, elastic supposedly elastic coating. 
Fig. section Douglas fir pile taken from Seattle Harbor after 
years service. This pile was creosoted, but very shows 
section, ft. above the mud-line, untreated Douglas fir pile, after 
years service Vancouver, C., Canada. The pile had tight bark when 
driven. shows section untreated Douglas fire pile, ft. above the 
mud-line, after year Vancouver. Surface treatment with paint 
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other material damaged destroyed checking from rough handling 
during construction the abrasion impact floating material after 
place. This method, although may give temporary protection, 
not permanent. 

The metals used for sheathing have generally been lead, rolled iron, copper, 
several alloy metals, cast iron, and the process nailing developed 
Holland. All these metals corrode, and some them, like copper, are 
sufficient value render them liable theft. Any these sheathings 
cient long there are openings the coating, but soon holes 
appear, the covering loses its value. The nailing process consists driving the 
pile full large-headed nails that the surface covered the heads. 
Like other sheathing methods, expensive and although reported have 
value protection from the teredo, the limnoria reported dig out the 
nails and open way for the teredo. 

Concrete and the various pipe coverings are effective long breaks 
the surface occur and the pile covered from the mud-line little 
above high water. number concrete coatings have failed; some 
account defective concrete and others because the mud-line was lowered 
and the borers cut off the pile between the new mud-line and the bottom the 
covering. 

The process wrapping piles with fabric impregnated with asphalt 
similar material results pile that will resist attack until opening 
made the coating. difficult drive pile without breaking such 
coating and still more difficult prevent damage floating objects after 
driven. 

Impregnation has been tried, many metallic salts and other supposedly 
poisonous chemicals, well creosote and mixtures creosote and other 
materials, having been used. Thus far, creosote seems give the best pro- 
tection, but creosote trade name and does not indicate preduct 
fixed character. not known what constituent fraction gives the 
protection, nor why good creosote protects timber for time. There are 
two theories the cause immunity from attack some creosoted piles, 
one that the creosote contains poison and the other that there some 
constituent the emanations from which prevent the larve from landing the 
timber. These theories are now being studied two three college labora- 
tories and the Forest Products Laboratory. 

the reason for immunity can discovered, distinct step wilk have 
been made toward the solution the problem far creosote concerned. 
Those who believe the inhibition theory, point the fact that teredo 
will bore freely creosoted timber after reaches little size and that 
the martesia does not seem affected it. 

Some structures built with creosoted piles have had life 
more badly infested water, but such cases are rare. Many structures 
have had short life when both the creosote and the treatment were good, but 
the surface was damaged construction. Careless handling creosoted piles 
probably responsible for large number failures. 
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investigation the resistance various timbers was also made 
the Forest Products Laboratory. was not found that any indigenous woods 
would resist borer action, except, perhaps, Palmetto and some its relatives. 
These timbers have little strength and decay rapidly above water level, 
the fact that they resist borers little importance from the construction 
standpoint. number foreign timbers, principally from the Tropics, are 
reported withstand attack, but great confusion exists the botanical 
identification the species and difficult obtain facts. 

The Greenheart Demarara shown, many reports from foreign harbors, 
have long life, whereas others report its failure after few years service. 
was used the lock-gate sills and similar places the Panama Canal, 
but was failure and has been removed. Many reports regarding Australian 
turpentine wood are favorable. small quantity this wood was used 
wharf Victoria, C., and has given excellent results for about years. 
number favorable reports have also been received from the British 
Colonial harbors. There are also few unfavorable reports. regard 
experience with certain kinds Eucalyptus, may stated that the report 
mentioned does not indicate that Eucalyptus immune from attack. 

The Committee Marine Piling Investigations the National Research 
Council, with the assistance Engineering Foundation and the co-opera- 
tion the various Government departments and the owners water- 
front property, endeavoring determine the biological and 
factors the problem. planned, first, discover what species 
exist and where; what the salinity, temperature, oxygen content, and 
hydrogen ion concentration are, and their effect the different species 
borers. With the assistance Government, university, and commercial labora- 
tories, the Committee trying discover why one creosote protects and 
another does not. The possibility securing protection the use other 
substances also being studied. hoped that, when these investigations 
are completed, will possible draw specification for creosote that will 
permit the removal all constituents not necessary for protection and value 
for other purposes, and leave substance that will efficient. 

The Committee also making study substitutes for timber construction 
with the hope issuing reports which will economic value all builders 
and owners water-front structures. hoped that all engineers who 
secure specimens borers information pertinent the investigation will 
assist sending specimens and information the office the 
Research Council, Engineering Societies Building, New York City. 


é 

q 

j 

4 


ST. MAURICE RIVER FLOW REGULATION 


THE ST. MAURICE RIVER FLOW REGULATION 
Esa. 


1912, the Government the Province adopted the policy 
regulating the flow the rivers the Province, where storage reservoirs could 
economically built and the stored water used for power purposes. The St. 
Maurice River was the first stream which this policy was practiced. 

The St. Maurice River rises series lakes about 300 ft. above mean 
sea level, and flows from the northwest across the Laurentian Mountains into 
the St. Lawrence Three Rivers. The river about 367 miles long, has 
drainage area 000 sq. miles, and broken many falls and rapids, 
the principal ones which are the following: 


Height, 
feet. 


Les Forges 
Gabelle 
Les Grés 
Shawinigan 

Grand ’Mére 
Tuque 
Rapid 

Rapid des 
Rapid Allard 


Name. 


The Shawinigan and Grand ’Mére Falls are fully developed, and that 
Tuque partly utilized. expected that the falls and 
Gabelle will developed shortly. 

Timber the principal resource the St. Maurice. are floated 
down the streams the main river, and down the latter the different mills. 
The number logs cut has been steadily the increase until 1921. 

Natural Flow the flow the river has been recorded 
Shawinigan the Shawinigan Water and Power Company, and daily dis- 
charge records are available from 1900 date. The average low-water 
discharge 6000 sec-ft. The lowest discharge recorded 200 sec-ft. for 
about week March, 1901, and the highest, which was recorded May 16th, 
1904, was 166 000 sec-ft. 

The average depth yearly run-off from the water-shed Shawinigan 
for the period 1900-21 was 21.6 in., the maximum being 26.9 in., 1907-08, 
and the minimum, 15.33 in., 1906. 

power Shawinigan generated under head 150 ft. and 
the low-water capacity the plant was continuous The machin- 
ery was designed for the discharge available during eight months the year 
and the Company was disposing the power primary and secondary 
power. The total power possibilities the river natural low-water periods 
was estimated 40000 continuous p., which could almost doubled 
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secondary power was used, but secondary power seldom satisfactory the 
customer and must disposed low price. the demand increases, 
the companies the St. Maurice look for additional power more regu- 
lated flow the river. 

1909, the power and lumbering interests organized the St. Maurice 
Hydraulic Company which was authorized the Government complete 
certain storage schemes the Manouane River. Three small dams were 
constructed from 1909 1911 and the reservoirs thus created have total 
capacity 590 sq. mile-ft. The water from these reservoirs was used during 
summer low water and during the winter. The minimum flow Shawinigan 
was thereby raised nearly sec-ft. 

These Manouane reservoirs proved the feasibility obtaining water from 
reservoirs 200 miles from the generating plant, even under most severe winter 
conditions. 1912, the St. Maurice Hydraulic Company applied the 
Legislature for authority carry out storage much larger scale the 
series lakes which form the upper reaches the St. Maurice River. The 
Government decided, however, that would better policy for the 
Province complete the scheme, and the Quebec Streams Commission, there- 
fore, was asked investigate and report the possibilities storage the 
upper lakes. 

Two alternative schemes were considered: Five small dams, each controlling 
series lakes and giving partial control, one big dam giving complete 
control. The latter scheme was favored and recommended the Commission. 

was found that building dam near the head Loutre Falls, and 
raising the water ft. above natural low water, the capacity the reservoir 
would 722 sq. mile-ft. The area the water-shed was 650 sq. miles, 
and the proposed reservoir would have capacity for in. run-off from the 
basin. 

After investigations the site, plans were prepared and several types 
dams were considered. The gravity type was recommended Edward Weg- 
mann, Am. Soe. 

The design provided for 000 lb. per lin. ft. ice pressure, acting the 
spillway level. ice has formed opposite the gate section within ft. 
from the dam, and doubtful whether any great ice thrust has been 
exerted against the structure. 

The dam 240 miles from the St. Lawrence River and controls the water 
from drainage area 650 sq. miles. The aggregate area the lakes form- 
ing the reservoir was 209 sq. miles under natural conditions. To-day, they 
form one single body water with area more than 300 sq. miles. 

The dam was completed December, 1917, and has been operated regu- 
late the flow the St: Maurice sec-ft. Shawinigan since January 
1st, 1918. 

Additional benefits derived from regulation were calcu- 
lated from the flow curve 1906, which was the lowest year for the period, 
1900 1912. duration curve was made and the water necessary make 
the deficit for minimum flow 12000 sec-ft. calculated. Distributed 
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uniformly over the whole year, the power increase Shawinigan totals 250 
p.-years. Grand ’Mére, where the water being used under head 
ft., the power increase one-half that Shawinigan. 

order ascertain whether the quantity water available the Gouin 
Reservoir would sufficient for regulation 000 sec-ft. Shawinigan, 
investigations have been conducted since the latter part April, 1913, when 
flow records were kept the site the Gouin Dam. The quantity water 
measured the dam site was taken the supply from the dam and that 
required Shawinigan the flow 12000 sec-ft. was taken 
the demand. 

requires from days for the water from the reservoir reach 
Shawinigan the calculations were based loss 25% from evaporation 
and other losses. Similar calculations were made for regulation 14000 
The curves show that such regulation possible, but loss 
25% should occur, the reservoir would not large enough. Since the dam 
has been operation, has been noted that the loss negligible, being only 
about the winter. 

Discharge discharge the river controlled three points, 
namely, Weymontachingue, miles below the dam, Tuque, 155 miles 
from the dam, and Shawinigan. The water level Weymontachingue and 
Tuque recorded daily and the information wired the office the 
Quebec Streams Commission. Similar information obtained from the 
Shawinigan Water and Power Company regarding the conditions Shawini- 
gan and Grand The points control are also provided with rain 
gauges. this way, good idea may gained the period will 
necessary draw the storage. 

Ground raising the water ft. above natural high water 
Loutre, the different lakes form one body water, more than 300 sq. 
miles area. great deal the area covered pervious, much ground 
storage must take place. The natural run-off, rule, minimum 
March. the water was raised, the average for the winter months 
three years was follows: 


January 291 sq. mile-ft. 


Since the reservoir has been operated, the run-off March and February 
much larger than previous years, shown the comparison given 
Table This cannot explained otherwise than ground storage. 


TABLE 


Average years before 
Months. 1919. 1920. operations began. 


450 sq. mile-ft. 785 sq. mile-ft. 215 sq. mile-ft. 


February 
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Land area flooded the reservoir has been estimated 
100 sq. miles, most which forest. This flooded area was not cleared 
account the cost, but not expected that much the floating dead wood 
will reach the dam. 

Manouane Dams.—Mention has been made the three dams the Manou- 
ane River. These dams have been acquired the Commission and are being 
operated together with the Gouin Dam for the regulation the St. Maurice. 
The dams are the ordinary wooden crib type, filled with stone, their sluice 
openings being controlled stop-logs. The combined capacity the reser- 
voirs formed nearly 590 sq. mile-ft. The combined drainage area 
sq. miles. The supply water from the basin is, therefore, much larger 
than the capacity the three reservoirs, which overflow the spring and are 
generally emptied during the dry summer months. 

Cost.—The cost the whole scheme was 500 000, $400 per sq. mile-ft. 
water. The yearly revenue present which will increased 
when new water power developed. 

This regulation work has been success and, the amount power now 
generated the St. Maurice River nearly 500000 h.p. Nearly 500000 
additional h.p. could developed. believed that these works will make 
the St. Maurice River one the most important sources water-power 
this Continent. 
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SHORE PROTECTION AND HARBOR DEVELOPMENT WORK 
THE NEW ENGLAND COAST. 


The New England coast consists ledges, sand beaches, and bluffs com- 
posed glacial drift, and the beaches and bluffs are gradually washing away. 

The sea acts two ways: First, sand and gravel, stirred the waves, 
are carried over the top the beach, thus filling the low land back and 
the shore line inland. 

Where the land back the beach high, the waves drift the material 
along the shore until low beach with low land back reached.. Here, 
the material either washed over the beach the low land, gradually 
drifts into the sea and forms shoals, the southeasterly part Cape 
Cod Bay where they extend more than mile from the shore. 

Many different forms protective work have been used the endeavor 
prevent further erosion. some places, timber bulkheads were built 
above the high-water mark. number have been back-filled, but almost 
every case the timber structures have been either broken down under- 
mined. The large islands which form much the protection Boston 
Harbor, were early protected with heavy granite sea-walls and rip-rap 
the Federal Government. 

1828, wall was built protect the headlands Deer Island 
1843, one was built Lovells Island. Walls were built later the Brewster 
1871, walls were built Point Allerton, Long, and Gallops 
Islands. These later walls the outer shore are about the high-water 
line and their foundations are about mean sea level. The tidal range 
about 9.5 ft. and the top the wall about 22.5 ft. above mean low water. 
The wall ft. thick the top and ft. the base, with footing 12.5 ft. 
wide. The face granite and the backing and footing are concrete. 
Adjoining the wall the level its top pavement, ft. width, 
granite slabs has been placed the fill prevent wash from waves which 
break over the top. The beach front the wall also protected with 
rip-rap granite grout. These walls, although requiring repairs from time 
time, have effectively protected the cliffs from erosion. 

the bluffs Scituate and Chatham, the Commonwealth has deposited 
heavy granite grout from the high-water mark ft. above it. Sec- 
tions this protection the Scituate Third Cliff have been place for 
years. Chatham, the bluffs front the lighthouses East and 
West Chop, Martha’s Vineyard, ridges stone have been placed about 
high-water mark for considerable distance each side the light- house. 
This has been effective 

Cotuit and Osterville, the southerly shore Massachusetts, facing 
Nantucket Sound, the bluff which about ft. high, being eroded 
rapidly the action the sea. The owners have constructed timber bulk- 
heads along the shore just above high water and, intervals ft., 
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short timber spurs jetties have been extended, which have prevented the 
sand from drifting along the beach, and barrier has been formed, which has 
stopped the sea from making further inroads. These structures require 
constant attention they are usually built 2-in. plank spiked 4-in. 
square stakes, the posts the bulkhead being cedar, in. diameter. 
This work, although costing considerable for upkeep, has been effective. The 
water front these bulkheads shallow for mile. The range 
the tide generally less than ft. and the waves are not heavy. 

protect the beaches various points along the shore, walls with spur 
jetties from 100 ft. apart, have been built concrete. The walls are 
located the crest the beach between the crest and the high-water mark 
and the jetties project ft. above the level the beach. These walls 
extend about ft. above low water ft. above high water and are built 
with lip projecting about in. the top deflect the sea. the Scituate 
shore, some the first walls had lip and extended only ft. 
above mean low water. this elevation, the sea broke over the top and 
places, large quantities sand and shingle were washed over the wall. The 
beach was thus reduced, enabling the sea undermine the wall places 
that collapsed. has been rebuilt the elevation ft. with 
projecting lip. 

The harbor improvements may divided into two parts: The improve- 
ment and protection the channels, and the construction wharves and 
docks. the larger harbors, the Government has enlarged and deep- 
ened the channels and protected the entrances. 

Boston Boston Harbor, the principal work has been the 
dredging the channels and the removal isolated rocks and extensive 
ledges. The material, which mostly clay, gravel, hardpan, and rock, has 
been excavated largely with scoop dredges. first, the excavated material 
was deposited the harbor, but recently most has been dumped deep 
water outside the harbor. Inside the harbor, large quantity material 
was used for filling South and East Boston where the Commonwealth has 
undertaken large reclamation plans. There are three entrance channels 
Boston Harbor. The original southerly channel just south Boston Light 
crosses the entrance the harbor about right angles the direction 
the current caused the tide. originally had depth about ft. 
low water and was partly obstructed rock large boulders, which have 
been removed. This channel has been dredged depth ft. mean 
low water, with width nearly 1000 ft. The Broad Sound Channel, 
which was next opened, has depth ft. and width ft. 

The third northwesterly channel extends straight from the sea into Presi- 
dent Roads and has depth ft. mean low water and width 500 ft. 
President Roads large area with depth water exceeding ft. low 
tide, into which these three channels lead. Extending from President Roads 
the wharves the city channel ft. deep and 1200 ft. wide, which 
originally was not more then ft. deep low tide. The excavation was 
mainly silt and clay with some hardpan and considerable ledge, most 
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the rock being slate. The character the bottom the harbor such 
that there very little shoaling caused shifting material. The currents 
generally are less than miles per hour. 

Leading various points the harbor are number subsidiary 
channels which have been dredged depths ranging from ft. mean 
low water. the inner harbor, large number wharves were constructed 
early date and until about 1870 were practically all owned private 
individuals. Since that time, the Commonwealth has improved the flats 
South Boston and, later, those East Boston. 

About 600 acres flats extend from the shore South Boston from 
mile and about miles length from the city Castle Island. This area 
has been filled the Commonwealth and its grantors, mainly with material 
excavated from the harbor channels, and are the wharf terminals 
the New York, New Haven and Hartford Railroad, the Commonwealth Dry 
Dock, 1200 ft. long, ft. over the sill low tide and 120 ft. wide the 
entrance, which was built the Commonwealth and sold the United 
States Navy Department 1919. Alongside this dock the area sold 
the United States Army which the Army Base was erected cost 
about The Commonwealth Pier, which used the largest 
merchant ships, and the Fish Pier, which the greatest fish industry 
the United States, are also located here. 

The Commonwealth Pier 200 ft. long and 400 ft. wide with depth 
ft. the slips low tide, the mean range tide being nearly ft. 
The pier itself constructed granite sea-wall, ft. high, founded 
piles which are cut off mean low water. The area enclosed this wall, 
which 2700 ft. long, filled with material excavated from the docks. 
Outside the sea-wall pile platform ft. wide covering the slope the 
excavation from the bottom the dock the foundation the sea-wall 
low water. This slope, which 1.5, covered with rip-rap. this, 
foundation, has been built steel and concrete two-story shed with heavy 
masonry head-house. this pier, addition the spaces devoted 
cargo, are accommodations for handling from 1000 passengers 
time, with facilities for all the necessary examinations the passengers 

and baggage. passenger facilities are the second floor, from which 
viaduct leads Summer Street. 

The Fish Pier solid-fill wharf. The filling retained granite 
wall ft. high, founded rip-rap deposited trench the bottom 
the harbor. The water the slips alongside ft. deep mean low 
water. The pier 1200 ft. long and 300 ft. wide. The vessels lie against 
the granite wall, the face which are oak fenders. The surface the 
wharf outside the buildings paved with granite blocks concrete base 
and the buildings are concrete. addition the stores for handling 
fresh fish, large cold storage plant has been built which the surplus fish 
are stored awaiting market. 

The wharves the New Haven Terminal are similar the Common- 
wealth Pier, except that the floors the sheds are timber instead 
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concrete and the sheds are wood instead steel and concrete. All piles 
the platforms both terminals are oak. 

the Army Base, the piles the wharf, which support heavy concrete 
floor, are pine. The buildings are concrete and steel. Those the 
solid portions are supported concrete cylinders sunk into the clay, and the 
two-story sheds the wharf are the pine pile foundations. The sheds 
the wharf are connected with the building the solid portion bridges 
over the driveway and tracks between the buildings. This wharf equipped 
with four cranes the semi-portal bridge type each having capacity 
tons distance ft. from the face the wharf. 

The early wharves Boston were built stone-filled timber 
cribs enclosing areas which were filled with earth. Granite walls were used 
later place cribs and, order secure greater depth water along- 
side, the solid wharves were extended building pile piers. some 
the granite walls were built pile foundations. Some the pile piers 
platforms were built with timber floors, but, others, the piles were capped 
about high-water level. Round poles were laid the caps and were then 
covered with marsh sods. this, gravel was filled the level the wharf 
which was ft. above mean low water. The filling was held the 
face the wharf timber bulkheads, tied back the capping the piles. 
The timber work and piles, except the bulkheads which retained the filling, 
were thus kept wet and did not decay, and the cost maintenance was 
small. few wharves were built with granite walls extending about ft. 
below low water, but most the walls were founded hard bottom piles 
about low-water level. 

Other Harbors.—Massachusetts has number small harbors which have 
been improved dredging the channels and anchorage basins and building 
breakwaters and jetties protect their entrances. The principal work which 
was undertaken the Federal Government was the construction harbor 
refuge Cape Ann. Here, heavy granite breakwater was built enclose 
large deep-water bay, known Sandy Bay, the outer end Cape Ann. 
low water, the breakwater consists ridge large blocks granite 
quarry grout. The superstructure consists facing large split dimension 
stone backed with quarry grout. About 6000 ft. the substructure has 
been built and about 900 ft. the superstructure. 

The slope the faces the substructure and the superstructure 
1:1. The facing the superstructure consists blocks weighing more than 
tons each. The top the finished breakwater ft. above mean low 
water and ft. wide. the stones are somewhat displaced heavy 
weather, the maintenance the superstructure may costly. Owing 
changes means navigation, there now much less need breakwater 
this locality, and probable that this one will not completed soon. 

the sandy shores like those the mouth the Merrimac River, stone 
jetties have been built confine the current and direct that channel 
will through the bar. confine the current and prevent the 
waves from washing sand through the jetty into the channel, these jetties 
have been built facing granite quarry grout with core chip 
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stone. They extend out deep water order that the sand scoured out 
will deposited there. 

The Commonwealth has built number breakwaters protect small 
harbors, such Apponaganset near New Bedford and Vineyard Haven 
Martha’s Vineyard. These breakwaters are ridges granite quarry grout 
ft. wide top with side slopes 1.5, the top being from ft. above 
high water. These breakwaters protect anchorage areas used small boats 
and yachts. 

Because insufficient funds, most the work done the Common- 
wealth cannot completed one time and, number cases, has been 
practically abandoned after being partly completed. This has given oppor- 
tunity study the effect the work various stages. 

some channels, constructed through sandy beaches, the 
easterly end the Cape Cod Canal, have long jetty the side the 
opening from which the sand drifts, and short jetty the opposite side. 
The sand thus prevented from entering the channel and the beach back 
the jetty built up. 

some instances, the funds were small and jetty was built the leeward 
side the opening, which case, the current was relied scour channel. 
This has resulted narrow channel through the beach, which the leeward 
has built out and up, and shoals have formed front the channel. The 
practice placing the jetty the windward side the opening and dredging 
the channel has been more satisfactory. 

Cape Cod Canal.—The largest private undertaking Massachusetts was 
the construction the Cape Cod Canal. This project has been under con- 
sideration almost since the settlement the country. Surveys were made 
from time time 1860, when exhaustive report was made the 
State Legislature. From 1870 1889, many charters were granted 
Massachusetts build canals from Buzzards Bay Barnstable Bay and, 
about 1880, two attempts were made excavate canal, both which 
failed for lack financial support. 1889, the Boston, Cape Cod, and New 
York Canal Company was incorporated, which later secured the co-operation 
Mr. August Belmont New York City. August 19th, 1907, the con- 
struction canal was begun, which was opened traffic July 29th, 1914. 

The canal miles long, has depth 25°ft. mean low water, 
bottom width 100 ft., and side slopes 1:2 the main portion the 
The bottom width the easterly approach channel 300 ft. and that 
the westerly, Buzzards Bay, approach 150 ft. The sides the canal are 
rip-rapped from ft. below mean low water ft. above mean high water 
protect the ‘banks from the wash passing vessels. 

The spanned three draw-bridges having openings 140 ft. wide. 
The two highway bridges clearance ft. above extreme high 
water, that the railroad bridge being 2.5 ft. The canal electrically 
lighted throughout, and the draws the bridges are operated electricity. 

The tidal currents the canal are quite strong, the mean tidal range 
the easterly end being 9.4 ft. and the westerly end 4.2 ft. High water 
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the westerly end about three hours later than the easterly end that 
the direction flow changes quickly. The velocity the current from 
miles per hour the narrow section. 

The easterly entrance protected stone jetty about 3000 ft. long 
the northerly side. The westerly end well protected the head 
Buzzards Bay that jetties were required, but channel about miles long 
had dredged the Bay reach deep water, thus making the distance 
from deep water Barnstable Bay deep water Buzzards Bay about 
miles. 

each end the canal, where the section widens, shoals occur, which 
are removed dredging. That part the canal above tide level was largely 
excavated steam shovels and drag-line scrapers. The lower part was 
excavated mostly dipper-dredges the material contained many boulders. 
This material was dumped deep water outside the canal. small part 
was excavated hydraulic dredges. This material was dumped the 
marshes and other low lands the bank the canal. 

Because the swift current, the advisability placing lock the 
canal was discussed. was decided, however, not install it, and the canal 
being successfully operated. 
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DIFFICULT FOUNDATION PROBLEMS FOR PISCATAQUA BRIDGE 
PORTSMOUTH, 


The Piscataqua River not very long, but has great possibilities for 
trouble. The tidal flow through the 900-ft. channel Portsmouth very great, 
the ebb tide having times velocity miles per hour. 

1917, the New Hampshire Legislature authorized the appointment 
commission investigate the feasibility the construction highway 
bridge across the river. 

The Commission made favorable report the Legislature 1919, and 
Governor John Bartlett New Hampshire, advocated the construction 
bridge accordance with the report. The Legislature appropriated $500 000 
for its share the cost the bridge. The Maine Legislature 1919 appro- 
priated $500 000 for the work, and the Federal Government was also induced 
appropriate $500 000. 

Under the legislation enacted, new commission was organized consisting 
the Navy Daniels, Governor John Bartlett, New Hamp- 
shire, and Governor Carl Milliken, Maine. Each the Commissioners 
appointed engineer represent him, Secretary Daniels appointing Com- 
mander Brownell, Am. Soc. E.; Governor Bartlett, 
Milliken, Mr. Lewis Jones, Bridge Engineer the Maine Highway Com- 
mission. Mr. Jones was killed later elevator accident Portsmouth, 
and Walter Norris, Assoc. Am. Soc. E., Bridge Engineer the 
Maine Central Railroad, was appointed take his place. 

The Board Engineers decided that the Portsmouth end the bridge 
should Daniel and State Streets, and that should cross the river 
approximately right angles the Kittery side, Badgers Island. Sep- 
tember and October, 1919, investigations were made the bottom the 
river the selected site, and this work was continued May, June, and 
July, 1920. 

Owing the contour the channel, the flood tide the Kittery side 
the river, and the ebb tide the Portsmouth side. These tides, acting 
different channels, form great eddies the force which cannot estimated. 
The normal rise and fall the tide ft., and this may greatly affected 
heavy winds. 

The river bottom covered with layer cobble-stones and gravel unde 
which stratum soft clay mud, ft. thick; next, there layer 
hardpan from ft. thick, overlying rock. The hardpan dense 
that 5-ton orange-peel bucket would not touch it, and the excavation 
caissons had loosened with pneumatic hammers. 

The borings for the piers and abutments were made with drills, wash- 
borings, and with well drills, the latter being used for the final determination 


Pres., Holbrook, Cabot and Rollins Corporation, Boston, Mass. 
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the piers. The borings and soundings for the Portsmouth Abutment and 
the North Pier were close actual conditions determined excavation, 
the North Pier being rock Elevation 80. 

September 14th, 1920, proposals were asked for the construction the 
foundations and superstructure, two separate bids. The two bids exceeded 
the amount available, 000, and the contracts were not awarded. 

The original plans called for piers about 100 ft. long, with large sloping 
ice-breakers the up-stream end, with double Strauss lift bridge 300 ft. 
‘span. the authorities were anxious complete the bridge, further studies 
were made reduce the cost. Waddell lift span was substituted for the 
Strauss lift, and the piers were re-designed and made symmetrical omitting 
the ice-breaker. The result these studies was that contracts were let, the 
substructure being awarded the Holbrook, Cabot and Rollins Corporation, 
and the superstructure the American Bridge Company. The work was 
awarded November, 1920, and the speaker’s firm began immediately get 
plant and material the site. 

The great problem this job was the moorings and anchors. informa- 
tion the force tides water could found, the opinion ship- 
builders was obtained. The result these inquiries was that force 
tons might result from the worst tidal condition. anchors would hold 
against such force; therefore, for the main up-stream and down-stream 
anchors, cribs about ft. square and ft. high were built and filled 
with gravel. 

The cables used were galvanized plow steel, in. diameter, having 
breaking strength 200 tons. the side anchors, two 40-ft. concrete 
piles, weighing tons each, were used, with steel cables. Each anchor 
had two cables the caisson, one fastened the concrete air caisson, the 
other the top the first set caisson sides, making total twelve cables. 

The general design the caisson was concrete air chamber, ft., 
with 7-ft. clearance. The walls were ft. above the deck chamber, and, 
above that, regular wooden caisson side construction was used. The caissons 
were built shore, where the launching space was very narrow and the 
water only ft. deep low tide. The launchways were placed grade 
in. ft., and was planned launch the caisson sidewise. 

one seemed know how the caisson would behave was launched 
with the 7-ft. air chamber open, was decided plank solid across the 
bottom. special provision for water-tightness was made, except use 
matched planking. 

The launchway had four double lines 12-in. hard pine timbers 
fixed ways, with double set 12-in. hard pine timbers sliding ways. 
The fixed ways were spaced in. apart and the movable ways had 4-in. guide 
bolted between them, thus forming fixed guide keep the caisson straight. 
The fixed and movable ways were bolted together with 12-in. splices 
the inshore end. The caisson was launched cutting these 12-in. strips. 

air chambers were designed the foundations the piers, 
and account the great depth the water, the relation between the mass 
masonry the pier and the cubic area the caisson, was very close. For 
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this reason, was not considered safe build the piers solid above the roof 
the air chamber designed the hydrostatic pressure the full depth 
water the pier site. Consequently, the piers were built with side-walls 
ft. thick the bottom and ft. thick Elevation 80, with three lateral 
cross-walls and one longitudinal wall the center. Excessive pressure the 
caisson sides was avoided with this distribution concrete. This form 
construction later proved great aid sinking the After 
some experimenting, the caissons were built their full height, ft. above 
the They were loaded draw water before being towed 
the bridge site. 

was decided build the North Pier first, owing its more favorable 
position depth water and tidal current. this pier, the ledge was 
Elevation the high corner and Elevation the low corner, 
and was overlaid ft. clay, with some hardpan. This overburden 
was dredged the hardpan, about ft. above the ledge. The caisson for this 
pier was built with one set caisson sides, ft. above the concrete air 
chamber. was loaded draw about ft. water and towed the site. 

The northerly side anchorages were the ledge Badgers Island, whereas 
all the others were crib concrete anchors the river. The flood tide struck 
the caisson about right angles its down-stream northerly side. great 
strain was anticipated for the anchors, the ebb tide apparently was 
clear the caisson. However, was soon noted that the direction and force 
the ebb tide had considered. The caisson would rest peacefully for 
long time, and then some great swirl eddy would strike it, and send 
inshore, dragging the 40-ton anchors the river side. With the outside 
line slacked, the flood tide would send the caisson back, bringing hard 
the inshore cables fastened the ledge. 

With 2000 tons moving and “bringing up” hard the inshore 
was evident that something must give way, the side cables were not fastened 
the manner withstand these shocks. The caisson, therefore, 
was taken back the wharf and another set sides ft. high were built. 
second set fastenings was also built it, and second the site 
was made. 

The second attempt land the caisson brought the same troubles the 
first. The eddies the ebb tide carried away the outboard anchors, moving 
the ft. inshore and landing the bottom the river. was 
finally decided that the bottom the river was the only safe place for it. 

With hollow caisson, was possible flood the pockets with water and 
keep the bottom, and then, low tide, pump out the water one pocket 
and place the concrete. When greater depth water was needed float 
the caisson, was moved high tide out into the deeper water. When 
walls were built Elevation 80, and concrete sufficient hold 
its true position the bottom had been placed, was moved out high 
tide, and then sunk filling the pockets with water. the following slack 
tide, all the lines were up” and, the next high tide, the caisson was 
floated pumping out the water, lined up, and sunk again its true position, 
which was within in. the line. Afterward, the caisson was kept the 
bottom and sunk rock. 
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The Portsmouth Abutment was built the same time the North Pier. 
pier design was substituted for the Kittery Abutment. looked simple 
the plan—a sloping foundation rock angle about 30°, the front 
edge being shown Elevation 74. Steel sheeting was driven below Elevation 
74, ft. front the line the foundation, and the excavation was 
begun. Trouble soon developed, the rock “dropped almost perpendicu- 
larly the middle the coffer-dam. 

The sheeting was undermined and then driven down low water. The 
excavation was made with bucket, sand-pump, and divers. The ledge 
was finally cleaned over the greater part the area. Concrete was deposited 
under water, the entire excavation being filled the sheeting. The excava- 
tion having been sealed, the coffer-dam was unwatered after supplementary 
wooden dam had been built from the steel sheeting. The masonry was finished 
after delay several weeks. 

the South Pier, the bottom the river sloped from about ft. ft., 
and the rock, according the soundings and borings, was Elevations and 
the inshore side, and Elevations 23.7 and 19.8 the outer side. was 
intended, therefore, land the caisson rock about Elevation 25. Mean- 
while, all the soft material possible had been dredged and the site the. 
pier had been leveled about Elevation 30; this meant that inside would 
hardpan and outside the original bottom, that is, soft material. 

was feared that the caisson, when landed, would either out level 
toward the river, would slide out position into the river. avoid this, 
window crushed stone, about ft. wide and ft. higher than the hardpan 
bottom the inside, was deposited along the outside edge. The caisson 
was towed its site and sunk very near position. the next high tide, 
was floated and pulled into position ft. inside its true line. Within 
hours after had been landed, had slid about in. out into the river. 
was again floated and placed in. inshore and landed. again moved 
about in. and stopped. Rip-rap weighing 1000 tons was then piled the 
outside and further movement took place. The water was pumped out 
and the put in. The caisson was permanently landed about in. 
out position inshore. 

The crushed stone kept the caisson about ft. out level inshore, until 
was landed hard bottom. Elevation 26, the supposed rock level, 
rock appeared. The sinking was continued Elevation 20, and still 
rock. The sides the caisson were not high enough, and the shafting, locks, 
air, and other pipes, were too short, all which had built up. 

The contract did not require excavation rock, and was contended that 
Elevation 20, the foundation hardpan was suitable. The caisson was 
then ft. below the original bottom the up-stream end, and ft. the 
down-stream end. 

The excavation was continued, and the cutting edge sunk Elevation 
16, ft. below the designed level. The rock was cleared off places Eleva- 
tion this additional work was done under air pressure the 
cost was excessive, being about $3000 per ft. However, the entire contract 
was finished March, 1922, seven months ahead contract requirements. 
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DISCUSSION 


AND 


Henry Am. Soc. Hodgdon has much 
the new marine work that has been done around Boston Harbor, and the 
speaker has had great deal with some the old work that has been 
built there. first, the principal kind construction was timber cribs filled 
with stone. The first record that the speaker has been able -to find, Boston 
having been settled 1632, was that September 10th, 1673, when the town 
voted “Errect Wall Wharfe upon the flats before the Town, from the 
sconce Capt. Wharfe, useing some other meanes for secureing 
said Town from Fire Ships case the approach enemie.” This 
wall wharf was described being about 200 ft. length, ft. breadth 
top for guns, and constructed wood and stone. This barricade, 
out wharf, was called, was built, and, 1872, Atlantic Avenue was con- 
structed over it. There old affidavit the effect that was built 

1710, Long Wharf was built, and described some the old books 
one the longest the world, being more than mile, reaching from 
Chatham Row low water. was built the form crib. The speaker 
has had pull parts that wharf, and the timber sound 
present, apparently, the day went in. was built white pine. 

“T” Wharf, which was excrescence the side Long Wharf, was built 
1715. Part that wharf was removed for placing the foundations for the 
Market Cold Storage, and the timber was found sound, fact, 
there was some difficulty removing it. 

Long Wharf, Portland, Me., was built 1797 crib work. When this 
wharf was removed order build another structure, large proportion 
the logs were found white pine, and trouble was encountered because 
the timber floated. Logs from in. diameter were dug up, that were 
about ft. below low water. The use piles the building wharves 
began about eighty years ago. The speaker has had occasion pull down 
some those wharves, and evidences teredo action have been found. The 
teredo active Boston Harbor far Lewis Wharf. Some the tim- 
bers were full them. The teredo and the allied limnoria are found far 
Constitution Wharf and the piles are badly eaten. Crib wharf construc- 
tion has largely ceased since pile construction began, that is, south Maine.. 


Fay,+ Am. Soc. E.—Of the many harbors along the 
coast Maine, the one prime importance that Portland, where not 
only the chief seaport Maine has been developed, but also important 
winter port for Canada. 


Engr., Boston, Mass. 
Cons. Engr. (Fay, Spofford and Thorndike), Boston, Mass, 
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Portland Harbor.—Portland, located the southwesterly end Casco 
Bay, has one the finest natural harbors the world. almost the 
open sea, but still well sheltered; has ample space for anchorage basins 
and natural deep-water channel from the open sea almost the shore line 
its water-front. 

The principal piers are within miles the open ocean and the 
approach channel broad and straight that steamships calling regularly 
this port frequently dispense with pilots and enter leave the harbor 
any time under the direction their own officers. 

Along the water-front the city opposite that part devoted overseas 
commerce dredged channel ft. deep mean low water, and ft. deep 
for the remaining distance Fore River. The character the harbor 
bottom such that this water-front channel may readily deepened whenever 
conditions warrant. dredged parts the harbor require little mainte- 
nance, because the almost entire absence sediment its waters. The 
mean tidal range Portland 8.9 ft. and there are troublesome tidal 

Although Portland the most northerly the principal Atlantic ports 
the United States, well the port nearest Europe, its harbor notably 
free from ice and its water-borne commerce not interrupted throughout 
the severest winter. 

The strategic importance this port has been recognized the Federal 
Government and Portland has been made one the strongest fortified 
harbors the United States. 

Railroads Entering served three steam rail- 
roads: The Boston and Maine, which operates three lines into the city; the 
Maine Central with its three main lines; and the Grand Trunk Railway 
Canada. 

The Boston and Maine Railroad connects Portland with the important 
manufacturing centers New Hampshire, Vermont and Northern Massa- 
chusetts. 

The Maine Central Railroad, its own lines its connection with 
the Bangor and Aroostook Railroad, covers practically the whole State 
Maine. The Maine Central’s line through the White Mountains makes 
connections with the Boston and Maine, Canadian Pacific, and Quebec 
Central. Through its connection with the Canadian Railway, the 
Maine Central furnishes route Montreal, Que., Canada, Detroit, Mich., 
Chicago, the Great Lakes, and the greater part Canada, especially the 
Canadian West. 

The principal Atlantic terminus the Grand Trunk Railway Canada 
Portland and this port alone used for its winter shipping for overseas 
traffic. The Grand Trunk affords direct route Montreal, Buffalo, Y.. 
Detroit, Toledo, Ohio, Chicago, and the Great Lakes, and connects with the 
Grand Trunk Pacific Railway crossing the Canadian West. Grain the 
principal commodity exported over the Grand Trunk docks Portland, 
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nearly 43000000 bushels having been handled the season 1915-16. 
This equal the total grain shipments from the Port New York for 
1921. 

During the winter 1921-22, 17000000 bushels grain were shipped 
through the Portland Terminal the Grand Trunk and trans-Atlantic 
and coastwise vessels have berthed its piers. 

Portland the Natural Winter Port for Canada.—Portland pre-eminently 
the natural winter port for the Dominion Canada. only 297 miles 
from Montreal, and its connection with that city, via the Grand Trunk affords 
rail route relatively easy grades, particularly favorable for the movement 
east-bound freight. The Canadian winter ports St. John and Halifax, 
the other hand, are, respectively, 481 and 842 miles from Montreal, via 
routes steeper grade over which freight movement, especially winter, 
much more difficult and expensive. Had Maine been Canadian territory, 
Portland would doubt the leading port Canada, or, least, equal 
importance Montreal. 

Portland’s Belt Line possesses one asset great 
importance the development any port, namely, belt line railroad which 
reaches every part its water-front. This belt line made trackage 
the Portland Terminal Company (which owned jointly the Boston 
and Maine and the Maine Central Railroads and handles the traffic both 
these roads and near Portland) and trackage owned the Grand Trunk 
Railway. important Commercial Street water-front the city, 
each company has running rights over the tracks the other, that any 
wharf this district accessible equal terms all railroads entering 
the city. 

Water-Front well supplied with 
and fuel-oil plants, most which are date capacity, 
equipment, and depth water adjoining berths. also has suitable 
wharves for handling pulp wood, sulphur, and china clay used the paper 
industry, not only Maine, but other parts the country. 

The remaining wharves along the water-front, with the exception the 
Grand Trunk Terminal, are old and more less obsolete, having been built 
the days sailing ships when Portland had extensive trade with the 
West Indies. These wharves are now used either for coastwise shipping, 
business and manufacturing concerns, many which could accommo- 
dated with equal facility away from the water-front. 

Grand Trunk Railway Terminal the present time, the 
only overseas terminal Portland has been that the Grand Trunk Railway 
System, comprising New, Ocean, Atlantic, and Galt Wharves, with 
grain elevators with combined capacity 2500000 bushels and the sup- 
porting railroad yard. The first three these wharves have transfer sheds 
and are used for overseas business. Although not the latest type pier 
construction, these wharves with their sheds are maintained good condition 
and during the five winter months when navigation the St. Lawrence River 
blocked ice, they accommodate large volume business with reason- 
able efficiency and dispatch. Until recently, harbor-line restrictions limited 
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the length these wharves about 500 ft., length inadequate for the larger 
vessels now using this terminal. 1920, the War Department established 
new harbor line about 500 ft. out from the old one, making possible the 
extension these piers that the future they may have total length 
1000 ft. 

Portland’s Need Further Water-Front Development.—Within the last 
few years the need increased water-front terminal facilities has been 
keenly felt Portland. Certain steamship lines have sought establish 
themselves this port, but have been unable because the lack 
facilities for the accommodation their ships. Others already established 
have found difficult times secure suitable berthing space. The 
Canadian Pacific Railroad understood have recently sought entrance 
Portland over the Maine Central Railroad and suitable water-front 
terminal facilities were available, some Canadian Pacific business would 
probably pass through this port. The Maine Central Railroad, however, like 
most other roads, has not been condition financially embark further 
water-front improvements. 

Public Development the Portland Water-Front.—Recently, however, 
through the instigation the Portland Chamber Commerce, the need 
further port development Portland has been forcefully impressed the 
people that city and the State large. now recognized that port 
development should not left entirely railroads other private interests, 
has been the case Portland heretofore, but should be, least part, 
under public control, only insure development the broadest possible 
lines the greatest benefit the State and the city, but because, addition 
the direct benefits rail and water carriers, the community 
large derives substantial indirect benefit from such developments. the 
City Portland, several millions dollars are spent annually rail and 
water carriers the purchase coal, provisions, and from 
local dealers and for the wages longshoremen, freight handlers, and others. 
recognized that for every ton local freight shipped and from the 
city there are many tons shipped and from the district immediately trib- 
utary the port, well the inland territory the country. The people 
Maine believe that with further development the Port Portland, mak- 
ing possible increase coastwise well overseas business, the indus- 
trial and agricultural development the entire State will stimulated, 
especially the State has available much undeveloped water power which, 
these days high priced coal, may now economically utilized pro- 
vide cheap fuel for industrial uses. 

Through legislation passed 1919, the State and the Cities Portland 
and South Portland have jointly embarked policy further develop- 
ment the Port Portland public expense. The two cities have pro- 
vided the site the first series publicly owned piers and the State 
constructing such pier alongside the Grand Trunk Terminals. 

New State Pier site for the new State Pier, which has 
been purchased and deeded the State the Cities Portland and South 
Portland acting jointly through the State Pier Site District recently estab- 
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lished legislative consists Franklin Wharf, formerly owned 
the Eastern Steamship Lines, Incorporated, and the berthing place that 
company’s coastwise lines, and Galt Wharf, which was formerly owned 
the Grand Trunk Railway. The State now constructing this site 
modern pier 1000 ft. long, equipped with adequate sheds and modern 
freight-handling equipment. the present, the pier designed 
used both for overseas and for certain coastwise business, and will 
adequate the largest ships that will come Portland for 
many years. The new pier will project nearly 500 ft. beyond the existing 
piers the adjacent Grand Trunk Terminal and will extend the newly 
established pier-head line previously mentioned. 

order provide slip suitable width and depth between the Atlantic 
Wharf the Grand Trunk Railway and the new State Pier, Galt Wharf, 
which was partly old pile structure and partly solid fill, has been com- 
pletely removed, thus providing slip 250 ft. wide with depth ft. 
alongside the new State Pier. Ultimately, this slip may deepened 
ft. desired. 

the initial development the State Pier, the existing Franklin Wharf 
being utilized conjunction with the new work, and the new pier 
being built for width less than that proposed for its ultimate development. 
This will afford berthing space 1000 ft. along the easterly side the 
pier, which will used for overseas and Pacific Coast traffic. The westerly 
side Franklin Wharf, present, will continue used the Eastern 
Steamship Lines, Incorporated, for coastwise traffic, and that company 
about re-establish freight line New York which will berthed 
the westerly side the new pier the outer end Franklin Wharf. Later, 
when conditions warrant, proposed rebuild Franklin Wharf and 
widen the State Pier provide complete new structure 1000 ft. 
long, 320 ft. wide, with least depth ft. water all sides. 

The new pier will consist creosoted Southern pine piles supporting 
deck reinforced concrete the inner end and timber deck elsewhere. 
The pier will have two transit sheds its easterly side. The shed the 
inner end ft. wide two stories high and designed primarily 
for trans-Atlantic shipping with accommodations for freight the lower 
main deck and quarters for saloon passengers and immigrants the second 
floor. The shed the outer end will ft. wide and one story high and 
designed for freight service only. the westerly side the new pier, 
shed ft. wide now being erected for the New York freight service. 
the easterly side, the will ft. wide between the sheds and the 
fender cap, with railroad track providing for the operation locomotive 
crane and with provision also for the installation later semi-portal gantry 
cranes. tracks and trucking driveways are provided also the 
middle the pier. 

Grain will brought the State Pier from the elevators the Grand 
Trunk Railway Company extension the grain conveyor system that 
company through modern fireproof gallery constructed the State 
along the easterly side the pier, the gallery being sufficient size for the 
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installation second belt case found desirable provide 
for the handling grain from other railroads than the Grand Trunk. 
working agreement has already been made between the State and the Grand 
Trunk Railway which grain will delivered ships the State Pier 
the same terms and conditions that delivered ships the Grand 
Trunk piers. 

Portland Port Authority—The administration this new publicly owned 
terminal the hands State Board, known the Directors the 
Port Portland. The Board, created legislation passed 1919, 
five members, one whom represents the City Portland and 
was appointed the Mayor that City, and the others represent the four 
Districts the State and were appointed the Governor. 
This Board the administrative agency the port and conferred the 
power acquire property eminent domain, make all necessary plans 
for the comprehensive development the port, take charge and construct 
piers and other public works State property, operate such piers and 
administer all public works under their control, and keep thoroughly in- 
formed the present and probable future needs the port. 


Esq.—Federal river and harbor works the New Eng- 
land States from the Canadian border Chatham, Mass., the southeast 
point Cape Cod, are charge the District Engineer the Boston, 
Mass., District, recent consolidation the former Portland, Me., and Bos- 
ton, Mass., Districts. 

The following are the principal works included the District: St. Croix 
River, Bar Harbor, Penobscot River, Rockland Harbor, Georges River 
(Thomaston Harbor), Portland Harbor and Saco River, Maine; Newburyport 
Harbor, Merrimack River, Harbor Refuge Sandy Bay, Cape Ann, Boston 
Harbor, Gloucester Harbor, Beverly Harbor, Salem Harbor, Lynn Harbor, 
Mystic River, Malden River, Dorchester Bay and Neponset River, Weymouth 
Fore River, Weymouth Back River, Plymouth Harbor, and Provincetown 
Harbor, Massachusetts. 

The principal work has been the deepening channels and anchorage 
basins dredging and removal ledge rock; the creation artificial harbors 
the construction breakwaters; the deepening bars the mouths 
certain rivers jetties; and the preservation shore lines. 

Shore protection works the part the United States Government date 
back 1824, and with peculiar historical fitness were first undertaken 
Plymouth, Mass., for the protection Long Beach. 

Long Beach.—The existence Plymouth Harbor depends entirely the 
protection and preservation Long Beach, which narrow strip land 
that extends miles out from the mainland northwesterly direction, 
nearly parallel the shore the Town Plymouth and distant from 
about mile. affords the harbor its only shelter from easterly storms. 
For the protection and preservation this beach, various works have been 
built from time time, until, finally, they have proved efficient and successful. 


Lt.-Col., Corps Engrs., Dist. Engr., Boston, Mass. 
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The works originally undertaken for the maintenance Long Beach were 
light temporary structures, various designs, which may described 
The bulkheads consisted triangular frame cribwork tim- 
ber placed intervals ft., covered with 2-in. plank, set trench ft. 
wide ‘and ft. deep, the trench and frame being filled the level the 
ground. 

The jetties consisted framework filled with brush and ballasted with 
stone. The groynes consisted small stones intermixed with brush, and some- 
times brush alone. They were built perpendicularly from the main bulkhead 
the seaward side, spaced 150 ft. apart, and varied length from 
265 ft., aggregating ft. Others have been built inside the bulkhead 
places where most necessary. They were made placing brush the surface 
the beach and piling beach boulders height about ft. for 
width ft. The brush groynes were made digging trench ft. wide 
ft. deep, and placing brush upright and close practicable. The 
brush held place sand well rammed into the trench, and sometimes 
further protected small boulders placed row along the sides the 
groyne. The brush rises ft. above the surface the beach. 

account the light design these structures, repairs had made 
from time time until finally rubble stone dikes were built, and they have 
fully served their purpose and continue good order the present time. 

Boston first sea-wall was started 1825, preserve Georges 
Island, important site for one the defenses Boston Harbor. Sea- 
walls have been constructed Deer Island, Castle Island, Rainsford Island, 
Lovells Island, Great Brewster Island, Long Island, Gallops Island, and Point 
Allerton. All these walls have been built the Federal Government under 
the direction the Corps Engineers. From surveys made 1820 and 1840, 
respectively, appeared that 5.7 acres had been washed away from Great 
Brewster Island the interval. This about one-fourth the whole island, 
the latter period. The 1840 survey disclosed that the preservation the 
islands from the wash the sea was indispensable, covers the anchor- 
ages and roadsteads, and also the maintenance requisite depths the 
channels. The aggregate length these walls about miles, and the 
total amount expended their construction and maintenance about 
500 000. 

Mr. Hodgdon has given excellent description the three main ship 
channels leading into Boston Harbor. The total all Federal expenditures 
June 30th, 1921, these and the various subsidiary channels Boston Har- 
bor, including Chelsea Creek, Fort Point Channel, and the Mystic and Malden 
Rivers, Dorchester Bay and Neponset River, and Weymouth Fore and Back 
Rivers, has been for new work, and for maintenance. 
The total commerce 1921 was 752 841 tons. capitalization and 
estimate $40000 per year for maintenance, there results charge 
the United States 5.6 cents per ton. 

Portland second harbor importance the New England 
Coast that Portland, Me. The existing project for Portland Harbor pro- 
vides for commodious anchorage off the eastern end the city, with mini- 
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mum depth ft.; for the dredging the greater part the inner harbor 
depth ft., except for the lower part the main harbor and its 
channel approach, where the depth ft.; for channel ft. 
deep and 300 ft. wide Fore River the upper Boston and Maine Railroad 
Bridge; for channel ft. deep and 300 ft. wide from the anchorage 
the Grand Trunk Bridge the mouth Back Cove; for rock excavation 
give depth ft. between the Grand Trunk and Tukeys Bridges, and 
channel ft. deep and 300 ft. wide thence the head Back Cove; for the 
removal two obstructing ledges the main ship channel depth 
ft.; and for stone breakwater about 1900 ft. long the southerly side 
the mouth the inner harbor. The project depths refer mean low water. 
The mean tidal range 8.9 ft., extreme 10.2 ft., although variations great 
ft. have been observed under storm conditions. 

The existing project executed dipper and clam-shell dredges material 
similar that Boston Harbor has been completed, except for the removal 
ledges the main ship channel, estimated cost $100 000. The expenditures 
June 30th, 1921, have been 271 386, and the annual maintenance esti- 
mated The total commerce 1921 was tons. This re- 
sults cost cents per ton. 

Important breakwaters have been constructed Rockland, Portland, and 
Bar Harbor, Me., and Gloucester, Mass. 

Rockland Breakwater—The Rockland Breakwater extends from Jameson 
Point 4350 ft. southerly direction. consists mound rubble 
with side slopes 1:1 grade ft. low water, which 
grade the breakwater ft. wide. this mound capping course 
heavy split stone granite ft. wide, bringing the top the breakwater 
grade ft. above mean low water. The total cost the breakwater was 
$615 000, and the annual maintenance about $500. 

The breakwater was completed 1904, and stood undamaged until the 
winter 1920-21, when some the rubble mound the seaward side slipped 
downward, the repairs for which are estimated about 000. 

Bar Harbor Breakwater.—There breakwater Bar Harbor, extend- 
ing from Island Dry Ledge and thence straight line within 
600 ft. Mt. Desert Island, protect the harbor from southerly storms. The 
breakwater was under construction when the World War broke out, and work 
was suspended account high prices and scarcity labor. has been 
estimated that about 000 tons will required bring the grade 
mean high water, and bids have been asked recently for the completion 
the job. 

Gloucester Breakwater—The Gloucester Breakwater extends from Eastern 
Point over Dog Bar, 250 ft. northwest direction. consists mound 
rubble ft. wide mean low water, surmounted superstructure 
extending ft. above the grade mean low water, formed two dry walls 
heavy split stone, inclosing core rubble, capped heavy stones form- 
ing top course ft. wide, the slopes the rubble structure being, the 
harbor side, 1:1.3, the seaward side 1:3 grade ft. below mean 
low water, and 1:1.5 thence the bottom. the seaward side, the break- 
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water has apron heavy rubble rising approximately ft. above mean 
low water, the object being protect the lower course stone the super- 
structure. The total cost was $410097 and the annual maintenance about 
000. 

The Sandy Bay Breakwater project has been recommended Congress for 
abandonment. Only recently the remaining small balance the hands the 
District Engineer was diverted authority Congress use 
the 1922 floods the Mississippi River. 


the design and location engineering works intended protect the shore 
from erosion the sea is, many cases, peculiarly perplexing one. That 
problem involves, the one hand, attack combination forces each 
which varies greatly from time time both its strength and its direc- 
tion; and, the other hand, resistance attack determined local fac- 
tors which the configuration the shores, the character the material 
composing them, and their accessibility attack are merely typical. 

This means that the engineer undertaking the erection protective works 
must consider each locality unit. adequate general rules can laid 
down for his guidance. For example, studies now progress conditions 
along the New Jersey Coast indicate (the studies have not progressed 
ciently justify final conclusion) that each the many inlets along that 
coast presents own problem, and that protective works which would accomp- 
lish their purpose one inlet might fall short such accomplishment 
the adjacent inlet, miles distant. The writer does not mean imply that 
there any radical variation, that short distance, the nature the 
attack from seaward. seems more probable that the varying results noted 
are due modifications the seaward attack the body inland water. 

follows, therefore, that the confidence with which the engineer can 
undertake the construction protective works will direct ratio the 
thoroughness with which has been practicable for him determine the 
nature the change which undertakes check, and the character the 
producing it. Unfortunately, neither these factors can readily 
determined. the United States, data the subject shore protection 
are meager, and such data exist are not form readily accessible 
the engineer. Consequently, many forms protective works have been erected, 
which have failed meet expectations, largely because local private in- 
terests have not been position undertake the extensive research neces- 
sary ascertain the facts which under more favorable conditions would have 
formed the basis for the design their structures. 

The Government has collected much data bearing this 
practically all cases, this material has been gathered serve some specific 
purpose other than shore protection, and its additional value connection 
with studies this character has been overlooked ignored. fragmen- 
tary; one Bureau has collected certain set facts, second Bureau another 
set. Each, itself, may little value for this purpose; combined, they 


and Geodetic Engr., Coast and Geodetic Survey, Washington, 
Received the Secretary, June 30th, 1922. 
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may great value. hoped that some day this material will 
placed shape for the use the engineer. Meanwhile, however, the engi- 
neer derives little benefit from because, most cases, either does not 
know its existence, or, does not know how secure it. 

not practicable for the engineer obtain and utilize all this informa- 
tion. After eliminating large part it, remainder exists, most cases, 
readily obtainable slight cost, which bears directly his problem that 
would make great mistake failed take advantage the 
project magnitude. The writer will endeavor indicate briefly the 
character this latter assistance which possible for various agencies 
the Federal Government render. 

The engineer must seek the answers two questions: (1) What the 
nature the change taking place? and (2), What forces are causing it? 

Much progress toward the answer the first question can usually made 
studying the topographie and made the Federal 
Government. the past hundred years, the Coast and Geodetic Survey 
has been making such surveys along the Atlantic Coast, and the frequency 
re-surveys usually depends the rapidity with which changes are occurring. 
For example, the New Jersey Coast covered three series topographic 
surveys and additional one aerial photography, with from six ten 
surveys the various inlets. The Army Engineers also have made many 
surveys localities where improvements have been proposed. 

The surveys these two organizations furnish picture successive stages 
development the present shore, sufficiently separated eliminate 
effects due transitory causes, and thus enable one deduce with con- 
siderable accuracy the general character the evolution 

The next step discover what forces operate and how they operate, 
cause the changes observed. This much more difficult question than the 
preceding one, and the engineer can nowhere find the answer did the 
first case. The best can secure data from all possible sources and then 
rely his own judgment for the proper correlation such data with the 
changes observed. 

great deal valuable information can obtained from persons having 
local knowledge, but information this kind must used with caution. 
usually fragmentary and superficial. Temporary effects and apparent 
causes are mistaken for basic factors. Therefore, the assurance with which 
such material can utilized will increased the engineer can secure 
background fact against which measure it. The material which the 
Federal Service can furnish valuable supplying this background. 

The Weather Bureau has detailed statistics from which may determined 
wind effects; the direction, frequency, duration, and velocity prevailing 
winds and storm winds, respectively. 

The Coast and Survey can furnish detailed information regarding 
the tides and currents many points along the coast. 

The Bureau Lighthouses and the Coast Guard have made studies 
this subject connection with the need for protection their stations. 
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which contain information value. addition, the employees those Serv- 
ices stationed various points along the coast will found particularly 
well informed regarding weather, currents, and waves, and their effect the 
shore line their immediate vicinity. 

There still another important element the assistance which the 
Federal Government can render. There are engineers these various units 
the Federal Service, whose normal work closely related this problem. 
The knowledge and experience they have thus acquired, applied studies 
the kind here suggested, would aid materially their solution. 

The writer does not pretend speak with authority for all Services. His 
experience has been, however, that they are uniformly zealous serve the 
public every possible way, and that they would gladly assist this matter 
the limit their facilities. For example, mention single specific in- 
stance, the State New Jersey, aroused the alarming encroachment 
the sea its beaches, has instructed its Board Commerce and Navigation 
study the problem and undertake protective measures. That Board has 
organized Advisory Board Engineers co-operate with it, which Board 
representatives two Federal Services, the Army Engineers and the 
Coast and Survey. 

What the Government doing for New Jersey, will equally willing 
for other States. 
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TENTATIVE SPECIFICATIONS FOR CONCRETE AND 
REINFORCED 


JOINT COMMITTEE STANDARD SPECIFICATIONS FOR 
CONCRETE AND REINFORCED CONCRETE 


Discussion* 


THEODORE AFFILIATE, Am. Soc. (by letter).t—Referring 
the subject water-proofing, seems the writer that consideration 
should given the Committee the brick and asphalt method water- 
proofing, mentioned George Lucas,§ Am. Soc. E., connection 
with water-proofing structures below ground-water sea level. 

About years ago, during the earlier construction the Rapid Transit 
Subway New York City, the writer had some experiences stopping 
leaks the side-walls, where the water-proofing behind had been punctured 
and bulged, the pressure the surface water. 

The method repairs consisted cutting out sections the concrete, 
removing and replacing the paper, and placing brick dipped 
hot asphalt the section concrete previously removed. This type 
water-proofing proved efficient and, far the writer knows, leaks have 
occurred since that time. 

With reference depositing concrete freezing weather: number 
during the construction some the concrete piers for the elevated 
part the New York Subway, the winter 1904, examination revealed 
that the concrete was frozen, and apparently, had not set. This was 
when the forms were removed, and parts the concrete adhered the forms. 
overcome these conditions the sand and gravel were heated, the wooden 


Continued from March, 1922, Proceedings. 


Insp. Steel, Harlem River, Manhattan, and Bronx Div., Dept. Plant and Struc- 
tures, New York City. 


the Secretary, April ist, 1922. 
Proceedings, Am. Soc. E., March, 1922, 587. 
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forms were left around the piers, and the top surface the concrete was 
covered with manure, which remained until the concrete had begun set. 
Later examination these piers showed that the concrete had set and 
was first-class condition, thus indicating that the precautions taken had 
been great protection from frost. 
The writer believes that concrete can kept favorable temperature, 
while setting, excellent results can obtained. 


Morrison,* (by writer has read with interest the 
Tentative Specifications for Concrete and Reinforced Concrete, which have 
been submitted Progress Report the Joint Committee Standard 
Specifications for Concrete and Reinforced 

would assume from Sections and Chapter that membrane 
water-proofing the only one recognized recommended. This misleading, 
there are several first-class companies that apply water-proofing treatments 
either inside outside surfaces. These treatments are not membrane appli- 
cations and for more than ten years the method has proved successful under 
extreme conditions. These companies employ expert mechanics and operate 
under guaranty, backed surety company bond when required. They 
are well incorporated, well rated, and are specified some the most eminent 
architects and engineers the United: States. 

Why should specification written exclude companies that have the 
reputation stated. Few companies that apply the different membrane treat- 
ments guarantee their work. Integral water-proofing failure. tests 
well the laboratory, but fails field work. does not take care 
honeycomb concrete nor joints and expansion For number 
years, the writer was Water-Proofing Engineer for one the largest manu- 
facturers integral water-proofing, and can state that every structure 
which was used, and where water accumulated back the walls and floors, 
leaks developed. The writer has also seen many membrane jobs, put without 
guaranties, which developed bad leaks after several years. Materials that will 
remain water-proof, should specified, and companies that guaranty their work 
should recommended. 


lieves that the present stage the knowledge the methods proportion- 
ing concrete, the responsibility for the selection and specifying quantities 
cement and aggregate produce concrete desired quality should 
borne solely the engineers charge the work. Further, due the 
engineer rather than the contractor that the knowledge concrete after years 
general use greatly lacking. The first two alternative methods pro- 
acknowledgment the part the engineer that has not sufficient informa- 
tion specify the methods and materials required result predetermined 


Pres. and Gen. Mer., Contract Waterproofing Co., St. Louis, Mo. 

the Secretary, June 23d, 1922. 

Proceedings, Am. Soc. E., August, 1921, 59. 

Prof. Civ. Eng., Univ. Saskatchewan, Saskatoon, Saskatchewan, Canada. 
Received the Secretary, July 19th, 1922. 
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quality and indicate desire dodge the issue and throw the 
problem the contractor. Too often the past, the engineer has made 
attempt determine whether the concrete furnished equalled the quality 
specified and many specifications now general use are contradictory, clearly 
indicating little knowledge the concrete-making properties the materials 
hand. 

The first alternative might have been copied directly from many these 
contradictory specifications now use. The assumption almost general, 
that 1:2:4 proportion will furnish concrete days, yet 
many localities the best materials available when used such proportion 
will not give strength more than 1000 1400 lb. concrete 
has been assumed design and mixture has been specified which cannot 
furnish this strength. The failure the engineer use proper methods 
tests and inspection has brought about condition which should remedied, 
but not clear why, present, the responsibility must taken the 
contractor. 

The third alternative, although relieving the contractor the responsibility 
for the selection the proportions used, dependent table pro- 
portions (Table 4)* which cannot justified actual tests. Such table, 
worthy inclusion the specification, should furnish which 
will closely approximate the assumed compressive strengths, but the variation 
cements and aggregates different localities will give concretes different 
quality that, many cases, this table will not even serve rough guide. 
Its inclusion will give the user assurance accuracy which cannot 
verified actual tests and certain regretted when the facts become 
generally known. 

tests should disclose many the absurdities Table 
For example, result 1500-lb. mortar, volume cement volumes 
sand, graded are required, whereas 3.7 parts coarse aggregate, 
are added, 0.2 volume sand also added without reducing 
the strength below the 1:3 mortar. Or, 6.1 volumes 3-in. aggregate 
may added the same mortar without reduction strength. other 
words, claimed that 1:3.1:6.1 concrete will have the same compressive 
strength 1:3 mortar, consistencies being the same both cases. Many 
similar absurdities can pointed out without resorting compression tests. 

second objection Table well certain other sections, the 
use the slump test measure consistency for widely different aggre- 
gate gradations and cement contents. The slump test value practical 
work where the same gradation aggregate being used, but should given 
standing whatever the laboratory the comparison different aggre- 
gates. For different gradations aggregate different cement contents, 
equal slumps not indicate equal consistencies, mobilities, “flowabilities,” 
whatever term may used indicate the placeability concrete. Here, 
again, the inclusion the slump test the specification will give the engineer 
false idea its accuracy and importance, and for the purpose intended 
worse than useless. For the reasons stated, not practicable specify 


Proceedings, Am. Soc. E., August, 1921, 111. 
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definite slump values such are given Table 2.* The values shown may 
may not furnish workable, placeable mix, depending the gradation 
and cement content. Definite values for consistencies slumps can only 
selected the job for the particular materials and methods hand. will 
mistake more than describe the operation the slump test and 
the limitation its use for controlling consistency after the workability re- 
quired established the condition the particular work and aggregates 
hand. 

third objection Table and one which would cast doubt its use- 
fulness even though the equality the mixtures could verified tests, 
the fact that different brands Portland cement have different cement- 
making qualities. This difference compressive strength may much 
25% and cannot predicted means the present routine tests 
cement. The concrete-making properties the same brand cement from the 
same mill will also vary with the length time has been storage, that 
the quality the cement factor which has been ignored compiling 
this table. 

The writer believes that the specification for proportioning concrete should 
place the responsibility the engineer, which turn will require knowledge 
his part the concrete-making qualities available cements and aggre- 
gates well minimum “flowabilities” which can used the work. Pro- 
portions can then specified that will result the required strengths for these 
consistencies. Provision should made for change proportions from time 
time indicated the results field tests, with payment the con- 
tractor for excess cement used deduction for less. More attention the 
part the engineer tests and inspection will make easy matter 
specify proportions and consistencies advance and obviate most the un- 
certainty which now exists. 

Although most the previous discussions have related the first two 
alternatives which throw the burden selection proportions the con- 
tractor, the inclusion of. the third alternative will result most serious dif- 
ficulties, Table does not “indicate proportions which may expected 
produce concrete given strength under average conditions”. seems 
that the detailed information and test data obtained computing Table 
should made public before serious thought should given making 
part the proposed specification. 

Water Proofings—The writer believes that the exclusion 
integral compounds far they may proposed for water-proofing damp- 
proofing justified. Past experience, well data now being obtained from 
tests, indicates that these materials not reduce the permeability. far 
the writer aware, test data which would indicate beneficial effects, based 
properly conducted tests, have ever been made public the manufacturers 
such material. References results obtained under practical field condi- 
tions half the story and should given little weight, rich mortar 
alone impermeable for relatively high heads water. Until positive evi- 
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dence can produced show that such compounds have beneficial effect, 
they should not given recognition the specification. 

Alkali Soils and Sea provisions Sections 
91, under this heading, not indicate knowledge the conclusions 
reached from investigations the past ten years with regard the deteriora- 
tion conerete alkali soils. Studies have shown that the best Portland 
cement concrete will disintegrated when exposed ground-water having 
high concentration sulphates. When quantities sulphate salts are pres- 
ent, the advisability using may, some cases, doubtful and, 
others, precautions should taken provide rich concrete low perme- 
ability with thorough system drainage which will effectually keep the salt 
water from the structure. Membrane water-proofing may assistance, but 
should used only supplement efficient drainage. 

Section worded, tends give the impression that the use bags 
cement per yard will result concrete able withstand alkali 
action. rich concrete may prove more durable than lean one, but 
not guaranty success. 

previously discussed, the slump test not sufficiently reliable permit 
such specification that given Section 88. questionable whether 
many concretes having 2-in. slump would properly placeable. dry con- 
improperly compacted will prove more susceptible alkali action than 
one having slump in. any ease, the consistency should the 
dryest that can properly placed rather than arbitrary slump value. 

brief statement the conditions encountered alkali soils will 
more value the engineer than detailed specification such has been pro- 
vided the Committee. 
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TENTATIVE SPECIFICATIONS FOR 
STEEL RAILWAY BRIDGES 


SPECIFICATIONS FOR DESIGN AND CONSTRUCTION 


SUBMITTED PROGRESS REPORT THE SPECIAL COMMITTEE 


ment the Special Committee. 


them the widest application and usefulness. 


who 


precedure cannot adopted even now. 


Continued from May, 1922, Proceedings. 
Cons. Engr., New York City. 


Am. Soc. E.—The speaker has read the Tentative 
Specifications for Steel Railway Bridges and much the discussion them 
and feels that the extent and character the discussions justify the appoint- 


The fact that the Tentative Specifications have been taken largely from 
those the American Railway Engineering Association should considered 
genuine tribute the excellence the work done that Association 
those who wish keep the specifications date and make 


would unfortunate have such specifications regarded final 
have their discussion limited the body that formulated them, regardless 
the excellence the specifications themselves the competency the men 


Considering the large number clauses taken verbatim from the 
specifications, might have been better have printed those specifica- 
tions full and have followed them with series reservations and 
recommended modifications. so, there seems good reason why this 
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Such comments and suggestions the speaker has offer can con- 
sidered applicable either the Tentative Specifications the 1920 
Specifications the Without attempting discuss the subject 
detail, the following comments suggest themselves. 

First—Many matters detail are specified rigidly, which, under cer- 
tain conditions, cannot complied with and which, other cases, should 
preferably left dependent the conditions the particular case. 
example requirement impossible general observance, the clearance 
diagram (Fig. 1),* may cited. The clearances specified, which are in- 
tended clear brakeman the top side box are desirable 
where practicable, but grade separation work large cities, such clearances 
would involve unwarranted expense. alternative diagram should given 
cover the latter conditions. Again, the one live load rigidly specified 
example matter that should left more flexible for the reason that 
many railroad structures, particularly and around cities, are used almost 
exclusively for passenger traffic which much lighter than the loading 
specified. that loading retained, the words “unless otherwise specified” 
should inserted. 

Second.—In regard impact, the speaker less concerned with the 
exact form the formula used establish the relation impact length 
span than with the principle that the ratio live dead load shall 
taken into account its application. Some years ago, was called 
design large number railroad bridges within city limits where solid 
floors were necessary and where fully ballasted tracks and concrete slab floors 
were considered desirable. the preliminary studies, soon became 
evident that unless the usual rules design regards unit stresses and 
impact were modified, this extra dead load would materially increase the 
weight the main structures and their cost when compared with 
the old type open-deck bridges. Considering the cushioning effect the 
ballast and the added stiffness and solidity the concrete, which 
was thoroughly bonded the steelwork, seemed justifiable modify the 
specifications taking these facts into consideration and thereby reduce the 
weight the steelwork. The following clause, therefore, was inserted 
the specifications: 

the case main girders trusses, and their supports, carrying fully 
ballasted track, one-half the dead load stress shall subtracted from the 
full live load stress, before applying the impact formula.” 

seems pertinent state that the bridges designed this manner have 
now been carrying very heavy freight traffic for more than years and, 
present, show signs weakness. The speaker would continue use such 
rule design under similar conditions to-day. 

speaker believes that the unit stresses used struc- 
tural design should determined the known physical properties the 
material rather than the character its use, and that variations the 
conditions use should provided for logically corresponding variations 
the assumptions the external forces resisted. 
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The unit stresses these specifications are based per sq. in. 
for axial tension. This value has its favor the fact that recent years 
has been adopted not only specifications for railroad bridges, but also 
specifications for highway bridges and for the structural steelwork 
buildings. However, seems too low for all these purposes and 
tion 20000 lb. per sq. in. instead would justified the 
known physical properties structural steel and should considered 
the Committee. 

conclusive argument favor higher unit stresses contained the 
specifications themselves, that overload 50% provided for, and the 
rule retain service existing bridges the unit stresses which not 
exceed 24000 per sq. in. tension, regarded safe and conservative. 

Why not, therefore, increase the live load E-75 and base unit stresses 
tension 20000 per sq. in., E-90 and base unit stresses 
tension lb. per sq. in. 

use structural steel and concrete effective combina- 
tion not referred the Tentative Specifications. account the 
effectiveness concrete protective covering for steelwork, its availability 
fill spaces and exclude water, its fireproof qualities, and its strength and 
permanence, its use secondary the construction steel 
bridges has grown steadily favor and has assumed proportions warranting 
its consideration specifications this kind. 

The rules for the design reinforced concrete have been thoroughly dis- 
cussed and developed, but where steel the material and con- 
crete used protect and reinforce it, comparatively little has been done 
develop encourage rational design. 

seems obvious that where concrete used combination with 
tural steel, the more effectively the two are bonded, the more effectively the 
composite structure will serve its purpose and, the materials are effectively 
bonded, the will take its share the compressive stresses and relieve 
the steelwork which bonded. Consideration these facts justify 
material reductions the sections steel parts embedded concrete and 
carrying compressive stresses induced after the concrete has set and sub- 
stantial can accomplished corresponding rules design.’ The 
speaker has done this the use unsymmetrical beams and girders embedded 
concrete, that is, rolled beams with cover-plates only and plate 
girders with heavy bottom and light top flanges, and much the work has 
stood the test severe service. 

The speaker wishes express the hope that the Committee will continue 
its work, and that, particular, the specifications for highway bridges may 
submitted for discussion the near future. 


the speaker the Tentative Specifications for Steel Railway 
Bridges, made the request several members the Special 
Bridge Design and Construction. 


Engr. Structures, Bost. and Maine R., Boston, Mass. 
Proceedings, Am. Soc. E., April, 1922, 901. 
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The scope and form these specifications questioned. Consider Article 
336 presented, “Provision shall made for expansion and contraction 
the rate in. for ft. length”. This rate has formerly been 
specified in. for every ft. length. Others have specified that expan- 
sion joints shall provide for variation temperature definite number 
degrees, but they have overlooked something. specify that “provision shall 
made for expansion and contraction due variations temperature and 
loading” will cover the subject completely. This can followed the rule— 
in. recommended short cut, but this rule should accompanied 
tion the fact that the variations temperature which structure will 
subjected are not constant throughout the world. 

Part “Contract Stipulations”, Wait’s “Engineering and Architectural 
Jurisprudence” worthy study model the method presenting in- 
formation general specification. this book, will found that where 
there more than one method attaining given result, number sug- 
gestive paragraphs are grouped together and are followed explanations and 
naturally follows that general specification merges into 
treatise design minus the mechanics. can also conceived be, 
certain subjects, digest and compilation all existing specifications. 

Sections and the Tentative Specifications refer purely business 
questions, dealing with office, and drafting-room practice. All information 
under these headings, that can included the specifications, saves just 
much the invitation bid and there are fewer chances errors 
omission. 

Such subjects bidding group bridges widely separated loca- 
tions, the conditions under which alternate bids based contractors’ designs 
will considered, the number free sets blueprints the contractor will 
required furnish advance the delivery the tracings the shop 
drawings, errors and omissions the contract drawings, should properly 
included here. 

Article 4.—The statement that “drawings shall govern cases where 
they are not agreement with the specifications”, should qualified the 
following phrase, “only when specifically noted the drawings. Otherwise 
all errors and discrepancies should referred the Engineer”. 

The law seems have been “side-stepped” entirely. realized that 
compilation all laws and ordinances relating the design and construction 
bridges something outside the scope these specifications, yet there 
should paragraph the attention engineers forcefully the 
fact that such laws exist and must observed. 

Article clearance diagram included should presented merely 
recommended diagram followed where does not conflict with the 
law the absence specific instructions. thickly settled localities, there 
necessarily must modifications clearance often requiring legislative 
approval, otherwise the cost furnishing certain facilities would 
prohibitive. 
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the floor the bridge planked, ties should spaced 
far enough apart that one’s foot will not get wedged between them. 
The minimum that can safely used about in., and 10-ft. ties are 
long enough, provided tie extended and sidewalk built out- 
side the guard-stick. These walks have become common yards and are being 
called for more and more frequently Safety First Committees. floor 
12-ft. ties, without sidewalk, does not afford good passagtway alongside 
train, especially when coated with snow and ice. 

Article 105.—The reduction percentages applied loads for multiple- 
track bridges should such that the total live load plus the impact minus 
the reduction, will not less than the live load without impact. Such bridges 
near yards and terminals will loaded all tracks more frequently than 
similar bridges the road. 

Referring Section Unit Stresses, after the correct relationship between 
the various stresses has been determined for each class material, the ques- 
tion the actual pounds per square inch used can left individual 
judgment. 

Article 206.—Should not the combined fiber stress limited tension 
lb. per sq. in. and the proper reduction made for compression 

Referring Section Details Design, there will always difference 
opinion concerning the value certain details. this section particularly, 
compilation the varying clauses different specifications will prove 
value, especially accompanied full discussion and explanation each 
requirement. 

closing, may stated that local conditions exert such great influence 
the development any design that they cannot ignored general 
specification. 


Am. Soc. speaker feels, others do, that 
the started the publication the “Tentative Specifications 
for Steel Railway Bridges”, will prove stimulating and valuable the Pro- 
fession. Particularly noteworthy the complete set which 
Mr. Seaman has presented substitute. These specifications probably 
come nearer being ideal set bridge specifications than any previously 
published, and Mr. Seaman merits the gratitude the Profession for his 
contribution. 

The speaker’s ideas some the questions involved are recorded his 
written discussion previously that discussion, the importance 
designing bridges for ultimate loads with ultimate safe stresses was 
emphasized. Mr. Seaman has covered this requirement specifying 50% 
increase over the customary nominal loads and stresses, and thereby has 
achieved striking advance over any previous standard specification for 
bridge design. The retention this feature the specifications finally 
adopted the Society will important achievement; will yield bal- 
anced designs conducive the longest possible life for the structure. 


Engr., New York City. 
Proceedings, Am. Soc. E., April, 1922, 946. 
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Mr. Seaman has directed attention the impact specification proposed 
the speaker.* This impact formula: 
200 
based the principle that correct specification for impact should include 


the factor, well the factor load length. This formula 


the simplest thus far proposed cover both these factors. the same 
time, shown Fig. the speaker’s discussion, previously mentioned, 
yields values coinciding with the maximum results impact tests from the 
shortest the longest spans. 

Many engineers have recognized the correctness the foregoing prin- 
ciple, that the impact allowance should depend the ratio live load dead 
load. generally accepted that the impact allowance should less 
ballasted-floor bridges than open-floor bridges the same span. Some 
designers make practice take arbitrary fraction (one-third one- 
fourth) the specified impact allowance when they are designing structure 
which have solid deck. The impact formula proposed the speaker 
takes care all these requirements: simple, scientific, and checks 
the tests. automatically yields reduced impact bridges with solid 
ballasted floors and bridges carrying highway floor addition the 
railway tracks. automatically the impact tax very short 
spans and reduces that tax very long spans (without making zero). 
automatically increases the impact tax web members and counters. 
conformity with test results, yields impacts exceeding 100% for very short 
spans and makes automatic correction for the inertia resistance the 
heavier sections given structure, well the heavier structures 
given line. automatically increases the impact tax light members 
and light structures; and partial inducement toward adopting heavier 
and more rigid construction. automatically apportions the largest relative 
additional metal for impact those members which the live load bears the 
largest ratio the dead load, thus contributing the longevity the struc- 
ture under increasing loads. The formula applicable without change cor- 
rection all types structure line. 

These features appear sufficient justification for directing attention 
this impact formula, and the speaker respectfully submits the future 
study and consideration the Profession. 


Am. Soc. E.—The speaker feels that proper and 
desirable for the Society prepare broad general specification for 
Matters minute detail should avoided, leaving users the specifications 
free express their own preferences. believes that such general speci- 
fication will favorably received the Profession. 

There has been quite extended discussion various impact formulas, 
and may useful comment briefly some phases the history 


Proceedings, Am. Soc. E., April, 1922, 892. 
Asst. Chf. Engr., Am. Pridge Co., New York City. 
See discussion the speaker, Proceedings, Am. Soc. E., April, 1922, 922. 
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their development and use. During the decade from 1880 1890, many 
American engineers began use the methods proportioning members that 
had been developed Launhardt, Weyrauch, and others, based the fatigue 
tests and Bauschinger Germany and those Sir William Fair- 
bairn and the late Sir Benjamin Baker, Hon. Am. E., England. 

1885, the late Joseph Wilson, Am. E., Engineer Bridges 
and Buildings the Pennsylvania Railroad, issued specification for wrought- 
iron bridges which was stated that members subject one kind stress, 
all tension all compression, should designed for working stresses, 
determined from the formula: 

minimum stress the piece 


Members subject reversing stresses were designed for working 


maximum stress lesser kind 
maximum stress greater kind 


The value, depended the kind iron used, and was lb. per 
for single-rolled iron plates and shapes tension, and 7500 per sq. in. 
for double-rolled iron tension for links and rods. 

Although this method designing produced satisfactory distribution 
material was cumbersome, each member and its details and connec- 
tions, rivets, required the use working stress, peculiar 
the member. result this fact, various attempts were soon made 
apply corrections the calculated stresses, that the use constant 
unit stress basis per square inch, the same, closely similar, distribution 
material would accomplished. These adjustments the calculated 
stresses were called but the speaker believes they had little 
reference impacts due the passage moving loads. The formula* 
developed the late Fred Thompson, Am. E., and first published 
the specifications the Southern Railway Company 1894, was the 
familiar form, 

300 
300 

This convenient formula was once adopted the late Schneider, 
Past-President, Am. Soc. E., simpler and more satisfactory than his 
own, and has been generally used the United States, Canada, and India 
for many years. 

The speaker feels that was unfortunate that the stress adjustment was 
called “impact”, and the use this term may have misled some users the 
method not fully advised the history its development. 

1908, the speaker wrote specification for bridges based the fatigue 
method design and found that making the value the Pennsyl- 
vania Railroad 1885, equal about 000 per sq. in. for structural 
steel, the areas the main members single-track bridges, 200 ft. span, 
became almost identical with those the same spans designed the use 
the “impact” formula, previously given, using unit stresses based 000 


discussion French, Am. Soc. E., Transactions, Vol. LXXV (1912), 
PP. 363 370. 
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Ib. per This fact tends confirm his belief that, for practical purposes, 
the use the so-called “impact” formula, 

300 
300 
mainly convenient method distributing the material bridge 
order conform practically the fatigue method design. 

The real test good design the behavior bridges under heavy traffic. 
When long service and low maintenance costs are considered, the speaker 
believes that bridges designed the fatigue method have been more satis- 
factory, the whole, than those designed most methods. view the 
recent fatigue experiments, and studies now being conducted, feels that this 
subject should carefully considered connection with the many observations 
impact due passing loads now available, before the definite adoption 
new impact formula. 


Henry Am. Soc. speaker much interested 
Mr. Hovey’s remarks the historical development bridge design. has 
always felt that applied science, the study its evolution not only 
much theoretical interest, but also direct value understanding the prin- 
ciples underlying present practice. the case bridge engineering, the 
history the different methods for taking account the greater effect the 
live loads, especially train loads, comparison with the dead weight, 
much interest. Their greater influence the stresses was realized 
early stage bridge development, and various methods design, with this 
basic idea, have been used different times. 

The earlier methods were frankly empirical, whereas the later ones are based 
ostensibly theoretical considerations. can hardly said, however, that 
even the latest practice has exact scientific basis. 

The bridge specifications the past forty years reflect the varying views 
held different periods. the earliest specification issued the late 
Theodore Cooper, Am. Soc. E., the cross-sections were determined 
dividing the sum the dead and live load forces each member per- 
missible unit stress. allow for the great effect live loads short bridges, 
lower stress was specified for such spans. Although many good bridges were 
designed under this specification, there was serious objection this method 
proportioning, because the fact that the unit stress changes suddenly 
given span length, say, from 8000 10000 lb. per sq. in. Therefore, for 
bridges differing only ft. ft. length, there might considerable 
difference the permitted stress. This was clearly illogical and led absurd 
results, since the longer bridge might actually have smaller total weight. 

The next step, based some extent theory, was specify unit stress 
for the dead load different from that for live loads. For instance, Cooper’s 
1902 specification, the permitted live load stresses were half great the 
dead load stresses. This rule was evidently based the theoretical considera- 
tion that load applied instantaneously has twice the effect slowly applied 
load. always takes appreciable time before the stress given member, 
due train passing over bridge, reaches its maximum value. Hence, the 


Cons. Engr., New York City. 
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rule halving the live load stress not correct theory, although 
undoubtedly safe practice. 

The next modification, and one that was widely used for some time, was 
base the permitted stress the maximum and minimum forces acting the 
members different times. This method was based the formula Professor 
Launhardt the Royal School Hanover, Germany. was 
confessedly founded the well-known series experiments made Profes- 
sor Wohler the “fatigue” induced iron bars under large number 
repeated loadings. the Wohler tests were great value, their 
application bridge members, which act under entirely different conditions, 
was doubtful step. 

Even Professor Launhardt, with whom the speaker had occasion discuss 
this matter while taking his course bridge design, was quite ready admit 
this. was inclined think that the more empirical methods simply 
decreasing the permitted stress long spans might the better policy until 
further investigation should increase the knowledge the subject. some- 
what whimsically called the exact determination this question “music 
the 

American practice, the Launhardt formula and the maximum minimum 

formula its various forms, have been generally discarded for many years. 
They have been superseded the expression for “impact” introduced the 
late Schneider, Past-President Am. E., his “Pencoyd” specifi- 
cation, and since then used the specifications the American Railway Engi- 
neering Association and other technical societies. 
these specifications, the effect the live load provided for each 
member “impact” “dynamic increment” which contains term, 
equal “the loaded length, producing the maximum strain the mémber”. 
This, course, proportional the length time during which the stress 
the member gradually increases from zero its maximum value. 

The use the term “impact” the specification has been 
much criticized, late, especially since recent deformation measurements 
bridges service conditions, give somewhat discordant results and seem 
show that the effect live loads has been exaggerated. 

should remembered, however, that bridge engineering, most 
other fields construction, great importance must assigned practical 
experience with structures actual use, and that, all times, theoretical 
considerations must give way the test service. 

not that would wise build lighter bridges than those 
now use, especially view the doubt the weight future engine 
and train much more exact information has been obtained such 
important questions the strength the newer alloy steels slowly coming 
into use, the strength compression members, and the effect live loads 
bridge structures. 


stated Mr. Goldmark that Launhardt did not take his own formula seri- 
ously and was surprised that should have been adopted extensively 
the United States. The subject was thoroughly reviewed the speaker, from 


*Cons. Engr., New York City. 
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the experiments the final derivation the formula, and the results presented 
the Society the form paper.* The conclusion reached was that the 
Launhardt formula was not demonstration, and the tests themselves justified 
the inference that the effect indefinite number applications load 
was about the same that the single application load double this 
amount. This the basis which Cooper wrote his later specification mak- 
ing the allowable live load stresses equal one-half the allowable dead load stress. 
Similarly, was seen that reversed stresses, indefinitely repeated, had the effect 
the sum these stresses applied one direction. 

Methods bridge design, since that time, have been entirely changed. 
recognized that load, within the elastic limit, yield point, may 
applied indefinite number times without practical injury the materia! 
from fatigue. Engineers, therefore, have sought find the greatest stress 
effect applied train load, and, for this purpose, impact tests have been 
made. Whether those tests show the result impact, vibration, they 
show the greatest possible intensity from live load, and when the maximum 
intensity live load known, and the allowable stresses are kept well within 
the elastic limit, the assumptions provide for fatigue, and are safe. 

When stresses 000 lb. per sq. in. are maintained, the limit safety 
nearly reached, considering that there are still some unknown secondary 
stresses. Therefore, the impact formula, so-called, should cover the most 
extreme conditions known. which were shown, occur rarely, but they 
occur, and just that contingency which should met. This the 
basis present-day bridge design. 

The fact that bridge has stood the test service does not necessarily’ 
mean that has been economically designed properly proportioned. 

bridge heavy, wasteful design may show good service record, 
another which lighter weight, but more rigid under traffic, may produce 
equally good record service. 

AFFILIATE, Am. Soc. (by letter).t—It seems 
that too much emphasis cannot placed Mr. Howard’s views concerning 
column formulas,§ with reference investigations the initial internal 
strains which occur structural members the result cooling the 
time fabrication, and which amount many thousand pounds per square 
inch when converted into their corresponding stresses. 

the writer’s opinion that engineers should consider these internal 
strains their relation the subject column formulas, and would 
seem that such investigations and measurements those made Mr. 
Howard, not only are importance the Committee, but also the Profes- 
sion general, and suggested that the Society encourage the publica- 
tion such papers, order arrive satisfactory column formulas. 


Warrick Epwarps,|| Am. Soc. (by one the 


discussions the Tentative Specifications for Steel Railway Bridges, the 


Launhardt Formuia and Railroad Bridge Specifications,” Transactions, Am. 
E., Vol. XLI (1899), 140. 

Insp. Steel, Harlem River, Manhattan and Bronx Div., Dept. Plant and Structures, 
New York City. 

Received the Secretary, June 2d, 1922. 

Proceedings, Am. Soc. E., April, 1922, pp. 877-878. 
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criticism made that specification compromise. The thing most 
desired specification this kind that shall meet with such gen- 
eral acceptance bring about uniformity practice and, the same 
time, set high standard for practice can reasonably attained. 
specification which cannot readily adopted the bridge engineers the 
country whole will fail accomplish any useful purpose, whatever its 
merits may intrinsically. The great variety views, points both great 
and small, which has appeared the discussions this subject, both before 
the Society and the American Railway Engineering Association, convincing 
evidence that only mutual concessions can common working ground 
reached. difficult, therefore, understand why “compromise” should 
used term reproach. 

The writer hearty sympathy with those who believe that the Society 
would make serious mistake promulgating specification which follows 
closely the lines the one recently adopted the Such 
action could serve good purpose and would result confusion and annoy- 
The Profession could served best further compromise the 
few differences through joint action the two Societies and the prepara- 
tion single specification which would have both Societies back it. 


sented three column formulas, and assumed that will not amiss 
present fourth one for consideration. discussion paper Mr. 
James the writer called attention the fact that there defi- 
nite eccentricity all columns due imperfections the member. Although 
probably true that this fact appreciated, has not been given sufficient 
prominence various column theories formulas. The writer does not 
believe that any theoretical treatment value can developed, except 
far indicate the various factors that must enter empiric constants 
the working formula. 

order indicate the action column, one compelled consider 
imperfect member the material which not homogeneous either 
horizontal vertical plane. Let Fig. indicate column the imperfections 
which are such that the center resistance removed from the center 
gravity the section distance, the plane the application the 
load and that this distance, varies throughout the length the column. 

Let the line, indicate this resistance axis. Any number curves could 
drawn indicate possible resistance axis, but the one shown indicates the 
worst condition. 

From this line may noted: 


(a) That all columns are crooked regards resistance axial com- 
pression. 

(b) That the resistance axis does not lie the plane the principal 
axes, 1-1 2-2, except for circular sections. 


Cons. Engr., San Francisco, Calif. 
Received the Secretary, June 14th, 1922. 
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Although all theoretical treatments are based primarily the bending 
the column, which, may seen, caused crooked axis, yet one 
has recognized the condition (b), the bending has been assumed take place 
about Axis 1-1 Axis 2-2. 


as 


27. 28. 


Let theoretical formula written for axial compression which: 


Axial load; 

Maximum unit stress extreme fiber; 


nN. 


Radius gyration about Axis 1-1; 
“ “ “ 9-2 


Factor for end about Axis 1-1; 


? 


factor proposed Lilly. 


2 - 
both ends round 
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The formula would appear follows: 


Equation (1) value except study from which, substitution 
constants, working formula may derived. 

Some the conditions under which column acts, regards Factor are 
follows: 

moment, that is, the load assumed axial. 

(2) Same Condition (1), positive moment. 

greater than and, assuming that the resistance axis does not lie 
plane, Axis 1-1 Axis 2-2, then the resulting deformation not that 
bending alone, but bending combined with twisting. Therefore, the com- 
bination end conditions and lengths, and and the the 
column must have important bearing the resulting stresses. either 
the submitted formulas take any account these 

Working series tests, empiric values could given 
the factors, and e,, such that they would represent the average condi- 
tion commercial members axial load and having the various 
imperfections, Equation (1) would valuable. 

regard the factor, let: 


series curves may drawn for assumed values and and for 


varying values, shown Fig. 28. 


The formulas will then be: 


which, with curves and given values and e,, furnishes working 
formula. Equation (3) can used combination with the straight-line 
formula, that is, determining trial section the following equation: 


A t 

and checking for Equation 
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The advantages this formula are that enables the designer take care 
positive moments and details, check any damaged column, and use his 
judgment between local and expert work for 


these Tentative Specifications has centered around the proposed column 
formulas. The one great object column formula enable the designer 
predict the strength column, and possibly the diversity opinion 
expressed arises from the consciousness that formula yet proposed even 
approximately satisfactory means predicting the strength given 
built-up steel column ordinary length. formula quite satisfactory 
within the range which applicable, one may demonstrate with 
more elaborate apparatus than straight lathe and few weights. Rankine, 
reference his works will show, had mind solid relatively thick- 
walled hollow struts cireular rectangular section. Apparently, the only 
modern form which visualized, was rectangular box-section made 
plates and angles. Both these eminent elasticiaus, quite justifiably under the 


circumstances, made the slenderness ratio, the only variable their well 


known formulas; and perhaps due the weight their authority that 
engineers, far their ideas are expressed specifications, have con- 
tinued regard the slenderness ratio the only variable. One does not 
forget the many suggested formulas which other factors are included, but 
none these, far the writer aware, has come into current use, 
has, broad way, passed the test satisfactorily predicting column 
strength. 

The most comprehensive series tests steel columns reasonable size 
that the Society’s Special Committee Steel Columns and Struts, 
reported Three variables were included the specimens tested: 


Slenderness ratio form make-up, and thickness metal. Consid- 


ering only those tests the case which the complete schedule was carried 
out, eight different forms were tested, each form with three different values 
and two different thicknesses metal. The heavier sections, the 
average, had roughly about twice the sectional area the lighter sections. 
Three individual columns were tested for each slenderness ratio, form, and 
weight, making 144 tests all the group considered. Thus, members 
each slenderness ratio were tested, each form, and each the 
lighter and heavier sections. The results these tests may tabulated 
follows: 


*Prof. Civ. Eng., McGill Univ., Montreal, Que., Canada. 
Received the Secretary, July 5th, 1922. 
Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), 1583. 
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Respect Slenderness Ratio: 


Ultimate strength, pounds 
per square inch. 

85 ( 


B.—In Respect Form Make-up: 
Form. 

10-10A 


C.—In Respect Thickness Metal: 


Light (average tests) 
Heavy ( “ 


The most cursory comparison these results shows that, far these 
tests are concerned, the influence thickness metal ultimate strength 


enough include practically all the seriously loaded columns steel railway 
bridge; whereas, the influence form the ultimate strength, even neglecting 
Form 6-6A unusual and undesirable, nearly 45% greater than that 
the stated variation slenderness ratio. Had latticed columns been included 
this series tests the influence form might well have been even more 
pronounced. made for the Board Engineers the Bridge, 
part Mr. James Howard, and part the writer, indicated that 
members with solid transverse webs were 12% stronger, other things 
being equal, than those which the ribs were connected latticing only. 
Although the Committee’s tests bring out the influence the thickness 
metal way that other tests do, any comprehensive group groups 
tests will indicate large variation strength due form and detail, 
compared with that due reasonable range the value When 
the strengths large number columns are plotted against the slenderness 
ratio, the result broad belt points through which line can drawn 
suit any reasonable taste, almost any formula. sometimes supposed 
that there something erratic the nature column tests. For such 
supposition, however, there seems little foundation. the Committee’s 
tests, the average extreme variation each group three members from 
the mean the three, was 2.6 per cent. the case the Quebec Bridge 
tests referred to, the members are believed have been among the largest, 
and certainly among the most complex, ever tested, the main section, some 
cases, consisting many thirty component parts. this case, 


1471 


1472 DISCUSSION BRIDGE DESIGN AND CONSTRUCTION [Papers. 


any, erratic results might anticipated. Yet, fifteen pairs tested, the 
average variation member each pair from the mean the two was 
only 1.54 per cent. fact, the writer’s experience, derived from several 
scores tests, that compression members are rather. more consistent their 
behavior than large riveted tension members. 

is, therefore, the writer’s contention, supported believes the 
whole body available data, that the slenderness ratio, which all formulas 
general use made the sole criterion for predicting the strength columns 
given grade material, far from being the most important factor 
the case the great majority heavily loaded columns. Approaching the 
question for the first time, and with open mind, one would surely regard 
with astonishment the somewhat hair-splitting contentions which individuals, 


and even committees, sometimes indulge, the precise function 


used, whereas other and more important factors are ignored, except 
respect certain limiting clauses. Had equally methods been 
used the calculation tides, for instance, tide tables would have been based 
the apparent diurnal motion the moon. The consequent confusion 
mariners, Eastern waters, would hardly greater than that the designer 
who tried correlate the strengths various types columns the basis 
their slenderness ratio. 

might possible, has been suggested, devise different formulas 
for different types column; but without much further agree- 
ment this direction can hardly expected. The form which may 
thought investigation should take, will depend largely the view entertained 
column action. The writer’s experience testing and studying the 
stress distribution built-up structural members leads him the view that, 
for the purpose investigation, column can advantageously regarded 
aggregation strips, each tending yield way, but restrained 
mutual interaction. solid and thick-walled hollow sections, such 
restraint practically complete, and the column acts unit. such 
cases, uniform material known quality and free from internal stress 
can assumed, should possible express the strength satisfactorily 


factor the more usual types, there will variation according 


form and detail. this view correct, two corollaries seem follow: 

method analysis likely satisfactory, which assumes 
linear variation strain across the section, whatever relation between stress 
and strain may assumed beyond the elastic limit, because such linear varia- 
tion does not general exist the critical sections. Strain measurements 
show this true. 

useful information regarding the laws column action ean 
better obtained intensive study comparatively limited number 
specimens, than tests destruction only, larger number. The latter 
seldom throw much light the factors contributory failure. 
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The possibilities such intensive study are given Fig. 29, which 
shown the stress distribution certain sections column, consisting 
The end-plates are in. thick and project in. beyond the angles 
take the load which transmitted the angles through the connecting rivets. 
The intermediate tie-plates are in. The stresses the various sections, 
determined mirror extensometers over 2-in. gauge lengths, are plotted 
the cross-section base plane, and the resulting solid then shown 
projection. The distribution stress can thus seen glance. 
extensometer readings were taken contiguous surfaces angles 


Intermediate |C.L. 
Tie plates 


Column, showing sections 


SECTIONS SHOWING DISTRIBUTION 
STRESS COLUMN UNDER 
TOTAL LOAD 60000 LB. 


SCALE POUNDS 
10000 20000 


SECTION 


Fic. 29. 


plates, that, such cases, the stress distribution is, some extent, matter 
conjecture. However, all cases, the stresses plotted check the applied 
loads within per cent. Section just within the first rivets nearest 
the ends the angles. Most the load remains the plates, the angles 
taking only the amount transmitted one rivet each. Section. the 
angles take additional amount load transmitted second rivet. The 
stress distribution remains far from uniform, certain fibers being tension. 
Section where the angles take all the load, the stress distribution fairly 
uniform, but this uniformity disturbed again, where, Section 
tie-plate encountered. Notwithstanding the greater sectional area Sec- 


ID 
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tion the maximum fiber stress the angles about 45% greater there than 
Section The stress distribution all sections remained, remarkable 
extent, the same all loads from 20000 lb. 

The stress survey, which few the results are here shown, was made 
under the writer’s direction the late Lieut. Delepine. Such 
surveys are laborious; but the writer believes that only the study typical 
columns some such manner can the Engineering Profession successfully 
take the challenge which the present unsatisfactory knowledge column 
action places squarely before it. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


SIR DOUGLAS FOX, Hon. Am. Soe. E.* 


13TH, 1921. 


Sir Douglas Fox was born Smethwick, Birmingham, England, May. 
14th, 1840, and was the son the late Sir Charles Fox and Lady Mary (Brook- 
house) Fox. His father, Sir Charles Fox, was pupil and, subsequently, 
Assistant Engineer under Robert Stephenson. designed and erected the 
First International Exhibition 1851 Hyde Park, for which was 
knighted, and, subsequently, for many years practiced Civil Engineer 
Westminster, London. 

Sir Douglas Fox was educated Cholmondeley School, Highgate, King’s 
College School, and King’s College, London, which was Fellow. 

1860, and his brother, Sir Francis Fox, joined their father his 
business, the firm practicing Sir Charles Fox and Sons. the death 
Sir Charles Fox, the name the firm was changed Sir Douglas Fox and 
Partners, and the firm, now located London, has since continued act pro- 
fessionally, both home and abroad, Engineers Chief and Consulting 
Engineers many important undertakings, among the earliest which was 
the construction the approaches the London, Chatham, and Dover and 
the London, Brighton, and South Coast Railways London. 

conjunction with the late Sir James Brunlees, the firm was associated 
with the constructional designs the Mersey Tunnel between Liverpool and 
Birkenhead, for which work Sir Douglas Fox was knighted. 

The firm was professionally connected with the constructional designs 

the Swing Bridge, over the River Dee, the Chester and Connah’s Quay 
Hawarden, Cheshire; the Liverpool, St. Helens, and South Lan- 
cashire Railway; the Liverpool, Southport, and Preston the Liverpool 
Overhead Electric Railway which was the first electrified railway England; 
the Snowdon Mountain Railway; the Cardiff Railway, for the Marquis 
Bute; the Neath, Pontardawe, and Brynamman Railway, and the Southern 
(Rugby London) including the Marylebone Terminus, the 
Great Central Railway. 

With the late Galbraith, the firm acted Engineers the construc- 
tion the Charing Cross, Euston, and Hampstead Tube Electric Railway, 
which was opened 1907. The firm also acted Engineers during the 
construction the Great Northern and City Tube Electric Railway, from 
Finsbury Park Moorgate Street, opened 1904, and its members 
Consulting Engineers the Channel Tunnel Company, connection with 
the proposal construct tunnel between England and France. 


Memoir prepared Sir Douglas Fox and Partners, London, England. 
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During the World War, the firm was associated with the design and con- 
struction docks and slipways for Lord Furness, Middlesbrough, the 
Explosives Factory for the Admiralty Holton Heath, Dorset, and the Explo- 
sives Factory for Nobel’s Explosives Company Pembrey, South Wales. 

Sir Douglas Fox and Partners are engaged also Engineers for important 
works North Wales, for the Aluminum Corporation, Limited, 
and Joint Consulting Engineers, with Messrs. Livesey, Son and Henderson, 
the Central Argentine Railway Company. With Sir Charles Metcalfe, the firm 
acting Joint Consulting Engineers the Shiré Highlands (Nyasaland) 
Railway Company, the Rhodesia, Mashonaland, and Beira Railway Company 
(Cape Cairo), the Benguella Railway Company, the Trans-Zambesia Rail- 
way Company, and the British South Africa Chartered Company. 

With the late Sir George Bruce and Mr. Robert White, the firm Sir 
Douglas Fox and Partners was for many years Joint Consulting Engineers 
the South Indian Railway Company, and acting Consulting Engineers 
the Southern San Paulo Railway Company and the Dorada (United States 
Colombia) Railway Company. The firm was responsible for the design 
the steel bridge over the Zambesi River, the Victoria Falls, Rhodesia. 

Sir Douglas Fox was constantly engaged expert engineering witness 
the Parliamentary Committee Rooms Westminster, and connection with 
the promotion and opposition bills for the construction railways, harbors, 
ete., and the London tube railways. 

was interested many companies. served Chairman the 
British Griffin Chilled Iron and Steel Company, Limited, Barrow-in-Furness, 
the Improved Industrial Dwellings Company, Limited, Northfleet Coal and 
Ballast Company, Limited, Venezuela Telephone and Electrical Appliances 
Company, Limited, and The Thurrock Chalk and Whiting Company, Limited. 


was Director the British South African Explosives Company, Limited, 


City Las Palmas Water Company, Limited, Haematite Ore Concentrates, 

Limited, Pondicheri Railway Company, Limited, South Indian Railway Com- 

pany, Limited, and United Tramways Company Caracas, Limited. 
1921, was presented with testimonial the Shareholders the 


Northfleet Coal and Ballast Company, Limited, recognition his fifty years 
service Chairman, during which period never missed Annual Gen- 


eral Meeting. 

was President the Institution Civil Engineers from 1899 1900 
and, for many years, was active member its Engineering Standardization 
Committee. was also member the Institution Mining Engineers 
and the Institution Electrical Engineers. 

May 26th, 1863, was married Miss Mary Wright, daughter the 


Francis Beresford Wright, Esq., Osmaston Manor, Derby. sur- 
vived five children, son, Francis Douglas Fox, and four daughters. 


was deeply interested all Christian and work. 

Sir Douglas Fox was elected Corresponding Member the American 
Society Civil Engineers June 7th, 1871, and Honorary Member 
March 5th, 1901. 
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GEORGE BARKER BURBANK, Am. Soc. E.* 


29TH, 1920. 


George Barker Burbank was born Taylorsville, Ky., March 16th, 
parents were New England stock; his father, Moses Burbank 
was native Salem, Mass., and graduate Waterville College (now 
Colby College), Maine, and his mother, Nancy Baker, came from Lowell, Mass. 

the outbreak the Civil War, George Barker Burbank, then lad six- 
teen, was living Ludlow, Vt. Misrepresenting his age, enlisted Com- 
pany Second Vermont Infantry. was all the battles the Army 
the Potomae from the first battle Bull Run that the Wilderness. For 
exemplary conduct during the Battle Fredericksburg, was mentioned 
orders and granted furlough home. was seriously wounded while serving 
Sergeant, the Battle the Wilderness, and his discharge followed his 
recovery. Mr. Burbank retained his intense patriotism throughout his life, 
and was keen satisfaction him that his son, Clinton Montrose Burbank, 
Lieut., Cavalry, A., served, with honorable mention and wounds, 
during the World War, half century after his own military service was past. 

From 1866 1884, Mr. Burbank practised his profession, chiefly railroad 
building, the South and West. 1885, accepted appointment 
Assistant Engineer for the New York Aqueduct Commission, and, there- 
after, with few brief interludes, resided near New York City, making 
his home for many years White Plains, 

The following brief list the more important engineering works 
with which Mr. Burbank was actively identified: 

From 1867 1869, was with the Louisville, Cincinnati and Lexington 
Railroad Kentucky, filling all grades from Rodman Engineer Repairs, 
and from 1869 1870, served Division Engineer and Assistant the 
Chief Engineer the Cincinnati Southern Railway Kentucky. 

From 1870 1873, was engaged Division Engineer the Wisconsin 
Central Railway, and from 1878 1874, Resident Engineer the Chesa- 
peake and Ohio Railway. 

From 1874 1875, served Division Engineer the Cincinnati 
Southern Railway Tennessee. 

From 1876 1880, was employed Engineer, with the Eouhardt and 
Aurora Mining Company, Limited, Nevada, and from 1880 1884, 
Division Engineer and Deputy Chief Engineer, with the Rio Grande Western 
Construction Company. 

Mr. Burbank was cennected with the New York Aqueduct Commission, 
from 1885 1890, Assistant Engineer and Engineer Dam Construction, 
and from 1890 1894, was employed the Cataract Construction Com- 
pany, Niagara Falls, Y., Resident Consulting and Chief Engineer. 
was also engaged the National Contracting Company, New York 

City, from 1900 1903, Consulting Engineer, and served the York Haven 
Power and Paper Company like capacity from 1903 1906. From 1911 
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1913, was connected with the United Comstock Pumping Association and 
Siskiyon Mines Company, Nevada and California, General Manager. 

his general practice Consulting Engineer, Mr. Burbank also investi- 
gated and reported confidentially many other projects, with the execution 
which was not identified. This work took him Porto Rico and Alaska, 
well various parts the United States. 

Mr. Burbank continued the active practice his profession almost 
until the day his death. The spirit adventure which influenced the 
boy sixteen enlist, and certain natural hardiness which made pleasure 
roughing it, characterized him throughout his active career. the winter 
1906-07, the age sixty-two, made trip 800 miles through the 
wilds Alaska dog team. 

survived his wife, son, Clinton Montrose Burbank, and 
daughter, Marjorie Church Burbank. 

was Mason, and, one time, Commander Ludlow (Vt.) Post, 

Mr. Burbank was elected Member the American Society Civil 
Engineers July 4th, 1888. 


HOMER HAMLIN, Am. Soc. E.* 


May 1920. 
\ 

Homer Hamlin was born August 27th, 1864, Pine Island, Minn. 
was educated the public schools and, later, was teacher 
the State. 

1886, Mr. Hamlin went San Diego, Calif, where was employed 
for several years the City Engineer. After leaving the City Engineer’s 
office, was engaged private practice until 1894, when left San Diego 
make his home Los Angeles. 

From 1894 1901, served the offices the County Surveyor Los 
Angeles County and the City Engineer Los Angeles. January, 1899, 
was appointed Chief Deputy the Field Force the latter office, posi- 
tion which filled for nearly three years. left this position 1901, 
become Engineer the United States Reclamation Service, and while 
thus employed, served Project Engineer for the Yuma Project, 
included the construction the well known Laguna Dam across the Colorado 
River. also made study the geological features the Salinas Valley, 
connection with report which prepared the water resources that 
section California. 

August, 1906, Mr. Hamlin was appointed City Engineer Los Angeles, 
and filled this position until July, 1917. was also member the 
Advisory Board for the construction the Los Angeles Aqueduct. During 
this period, number engineering works notable character were con- 
structed under his supervision. Particular mention should made the 


Soc. E., and the late Edgar True Wheeler, Am. E., with additional information 
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completion—under methods proposed him and executed City forces— 
the Los Angeles Outfall Sewer. This. work, which comprised series 
tunnels water-bearing formation, was abandoned the contractors, who 
declared that its completion was impossible. Other work done under his 
supervision included that Los Angeles Harbor, the construction the 
Hill Street Tunnel, the adoption, his advice, the Trilby rail, 

After leaving the employ the City Los Angeles, Mr. Hamlin engaged 
private practice, devoting large part his time work, Consulting 
Engineer, for the Reclamation Service Arizona, California, and Wyoming. 

connection with the Salt River Irrigation Project, and 
representing the Association Water Users the Salt River Valley, was 
attending hearing before the Secretary the Interior Washington, C., 
when, May 14th, 1920, was seized with cerebral hemorrhage and died 
very suddenly while alone his room the Willard Hotel. survived 
his widow and two children. 

Mr. Hamlin was distinguished member the Engineering Profession 
the Southwest, and brilliant example the type man who real 
public benefactor. Modest, hardworking, conservative, and sound judg- 
ment, has assisted materially making the region his adoption place 
where much greater number people can reside happily. There 
nobler work that man can than convert the desert into gardens, 
improve the sanitation cities, and add the commercial development 
the country the construction harbors, Mr. Hamlin did. With all this, 
was modest nature, shunning publicity, and avoiding ostentation over 
his accomplishments. death not only regretted his friends, but 
distinct loss the Reclamation Service and the community which 
made his home, 

Although Mr. Hamlin was largely self-educated engineer, was 
natural student. addition his other technical studies, specialized 
extensively geological research. This was his recreation. His report 
the “Water Resources the Salinas Valley”, written for the United States 
Geological Survey 1901-02, was one his most important geological studies. 
was also identified with the early development some the oilfields 
Southern California. few months prior his death, had made trip 
down the Colorado River from the mouth the Virgin Yuma, Ariz. 
This expedition was devoted particularly the study the possibilities 
the great storage enterprise the lower end the Grand Canyon, 
point known Boulder Canyon. 

Mr. Hamlin was member the American Association Engineers and 
the Seismological Society America. was also member the 
Westlake Methodist Episcopal Church Los Angeles. 

The following resolution his death was adopted the Los. 
Section the Society which was member: 


“Whereas, has pleased the Almighty remove from our midst our fellow 
member, Homer Hamlin, this Society desires express its sympathy his 
bereaved widow and children, and heartily condole with them their 
grief. 
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“His death will prove distinct loss his town, the State and the Nation, 
whose service has been, throughout his whole professional life, assidu- 
ously devoted. 

“We desire express our deep appreciation his upright and manly char- 
acter engineer and citizen. engineer was thorough, careful 
and reliable, honorable and conscientious, and not swerved from the 
straight path rectitude either fear citizen was model 
husband, father and neighbor, and his pure and moral life set noble example 
for the young all classes, and particularly for the members his chosen 
profession. 

“Resolved, That this resolution spread upon the minutes this Society, 
and copy sent Mrs. Hamlin and family, with our deepest sympathy and 
condolence their affliction. 

life was gentle, and the elements mixed him that Nature might 
stand and say all the world, this was 


Mr. Hamlin was elected Member the American Society Civil 
Engineers May 4th, 1904. 


EMIL EDWARD KUERSTEINER, Am. Soc. E.* 


Diep 1913. 


Emil Edward Kuersteiner was born March 26th, 1857, New Orleans, 
La., where resided until his parents removed Cincinnati, Ohio, 1878. 
was graduated from the Woodward High School 1874, 
afterward going Europe obtain his engineering education. was 
graduated from the Polytechnic School Switzerland, Zurich, 1879, with 
the degree E., and remained his Alma Mater Assistant Professor 
Culman, Professor Graphical and Civil Enginecring, for year, 
returning the United States the Fall 1880. 

From 1881 1885, Mr. Kuersteiner was employed 
Cincinnati Southern Railway and the New Orleans and Northeastern Rail- 
way, under the late Bouscaren, Am. E.; and from 1885 
1888, served Draftsman and Computer with the Louisville Bridge and 
Iron Company Louisville, Ky., with which Company remained, charge 
the Drawing Room, until 1896. 1896, removed Johnstown, Pa., 
and took charge the Drawing Room the Johnstown Company; but 
1898, returned Louisville, and was engaged the Bridge Department 


the Louisville and Nashville Railroad Company, “on trial for period 
thirty days.” 


and Nashville Railroad, writes Mr. Kuersteiner, follows: 


“He acted the capacity of. Assistant Bridge Engineer until November, 
1906, when became Bridge Engineer, and served in: that capacity until 
short time before his death. His work covered long period reconstruction 
bridges for heavier loads operated lines, and the construction numerous 
structures new lines. Until 1904, and the Bridge Engineer practically 
handled all the bridgework, preparing plans for the ‘and checking the 
designs for the steelwork. this work was very exacting, but performed 


Memoir prepared William Mayo Venable, Am. Soc. 


| 
q 
x 
i 


Memoirs. MEMOIR FRANK CHITTENDEN OSBORN 1481 


his work with apparent ease, was excellent mathematician, able 
and accomplished engineer, and very accurate and tireless worker. had 
host friends, all whom knew him Mr. was man whom 
young men went for advice and help. opinions matters pertaining 
his profession and community interests were often sought others and 
were always found exceedingly helpful and valuable, was cul- 
tured, educated man clear judgment.” 

Mr. Kuersteiner was man who sought usefulness rather than preferment. 
always helped others when was within his power, without first thinking 
his own interests, and was intensely loyal his work, his friends, 
and his ideals. 


was married Louisville, Ky., and survived his wife, four sons, 
and daughter. 


Mr. Kuersteiner was elected Member the American Society Civil 
Engineers December 1897. 


FRANK CHITTENDEN OSBORN, Am. Soe. E.* 


1922. 


Frank Chittenden Osborn, the son Reuben Howard and Livonia (Chit- 
tenden) Osborn, was born Greenland, Mich., December 18th, 1857. His 
early education was acquired Calumet, Mich., and received his technical 
education Rensselaer Institute, Troy, Y., from which 
was graduated Civil Engineering 1880. 

After his graduation, Mr. Osborn entered the employ the Louisville 
Bridge and Iron Company Assistant Engineer, which position held until 
1885, when became Principal Assistant Engineer the Keystone Bridge 
Company. 1887, joined the firm Ferris and Company, In- 
spectors and Designers Structural Steel Work, with headquarters Pitts- 
burgh, Pa. 

1889, accepted the position Chief Engineer the King Bridge 
Company, Cleveland, Ohio, but resigned 1892 open office for the 
private practice engineering. This business developed such extent 
that, 1900, was The Osborn Engineering Company, and 
one the best known firms the Middle West. Mr. Osborn was 
with the Company Director the time his ‘sudden death 
January 1922, his home Cleveland, Ohio. 

Mr. Osborn’s professional life was devoted the fabrication structural 
steel bridges and buildings. His Company large number steel 
and concrete bridges for cities and corporations throughout the United 
States, including those for steam and electric railways and grade elimina- 
tions. These bridges included two-hinge and three-hinge arch types, spandrel- 
braced, and plate-girder construction, and among them was the Y-bridge, 
three-arm structure over the Licking and Muskingum Rivers, Zanesville, 
Ohio, that time the largest reinforced concrete bridge the United States. 

Mr. Osborn’s keen interest good designs for bridges led him make 
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collection views many the best and most beautiful such structures 
throughout the world. was pioneer concrete and reinforced concrete 
construction, has been shown, and his studies extended the design and 
construction nine Portland cement plants, with producing capacity 
000 bbl. cement per day. 

1908, Mr. Osborn was appointed member the Cuyahoga County 
Building Commission, which Commission had charge the erection the 
new Court House Cleveland. This one the most notable buildings 
that part the State and cost was also Director the Lake 
Shore Banking and Trust (Savings) Company, Cleveland. 

was the author valuable treatise entitled “Tables Moments 
Inertia and Squares Radii Gyration”, which was published 1886. 
also devised code conventional signs for bridge riveting, which now 
general use, and proposed bridge engineers and manufacturers 
standard size sheet, in., for bridge drawings, which also 
general use, 

was one the early (1889) members the Cleveland Engineering 
Society, having served its Secretary 1897, and its President 1898. 
was consistent contributor its publications and presented many books 
its Library, served its important committees, and was most active its 
affairs the time his death. was also member the American 
Railway Engineering Association, the American Society for Testing Materials, 
and the Institution Civil Engineers Great Britain. 

Mr. Osborn was member the University Club and the Athletic 
Club Cleveland, and was Chairman the Advisory Board the Cleveland 
Technical High Schools. served Vice-President the Alumni Associa- 
tion Rensselatr Polytechnic Institute 1910, and was earnest his rela- 
tions his Alma Mater, lecturing the Senior Class, and, 1910, de- 
livered the address before the Graduating Class. was member the 
Sigma Society, honor society technical graduates chosen the 
Alumni his Alma Mater. 

was very active civic and patriotic affairs, his interest having been 
prompted his lineage. was member the Society Colonial Wars, 
the Sons the American Revolution, the New England Society Cleveland, 
the Western Reserve, the Western Reserve Historical Society, the Navy 
League, the Aerial League America, and the National Society. 

Mr. Osborn was also member the Club, and very active 
and earnest Mason, his membership Fraternities dating from 
1891. was member Tyrian Lodge, Cleveland Chapter, Cleveland 
Council, Holyrood Commandery, Lake Erie Consistory, and Koran Temple. 

engineer, Mr. Osborn was pioneer the best class bridge and 
design, and has left much excellent construction showing orig- 
inality and early study. citizen, gave unselfishly his best efforts 
and much time and strength those things which insure the safety, health, 
and happiness, his fellows. 

man, was most kindly the younger men his profession, and 
gladly the engineer who was stranger his city. His was service 
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rendered beyond remuneration, and made the interests his clients and 
his neighbors his own. 

October 27th, 1880, Mr. Osborn was married Calumet, Mich., 
Annie, daughter Stephen and Amelia Hodgess Paull. His wife and their 
son, Kenneth Howard Osborn, Am. E., survive him. 

Mr. Osborn was elected Member the American Society Civil Engi- 
neers October 3d, 1888. served Director 1901-03, and was 
member the Special Committee Steel Columns from 1909 1916. 
had been member the Cleveland Section from its organization, and had 
served its Committee the Cuyahoga Valley Development. 


LINGAN STROTHER RANDOLPH, Am. Soe. E.* 


Diep 1922. 


Lingan Strother Randolph was born May 13th, 1859, Martinsburg, 
Va. was the son James Randolph and Emily Strother Randolph 
and was directly descended from William Randolph who settled Turkey 
Island, Virginia, soon after the settlement Jamestown, 1607. Several 
members the family distinguished themselves the Engineering Profes- 
sion. His father, the late James Randolph, Am. E., was Chief 
Engineer the Baltimore and Ohio Railroad for many years, and his 


brother, Beverly Randolph, was Chief Engineer the Consolidation Coal 
Company. 

Lingan Strother Randolph received his early education private schools 
and the Virginia Military Institute. also served apprenticeship 
the shops the Baltimore and Ohio Railroad Grafton and Mt. Clare, 
Md. 1881, entered the Junior Class the Stevens Institute Tech- 
nology and was graduated with the degree 1883. the Forty- 
ninth Annual Commencement, June 21st, 1921, received the Honorary 
Degree Doctor Engineering from the Institute. 

From 1883 1885, Mr. Randolph was employed the Erie Railway 
Susquehanna, Pa., Engineer Tests. held the position Superin- 
tendent Motive Power the Florida Railway and Navigation Company 
from 1885 1887, which time left Florida become Superintendent 
Motive Power the Cumberland and Pennsylvania Railway, which position 
retained until 1890. was employed Engineer Tests the 
Baltimore and Ohio Railroad from 1890 1892, and Electrical Engineer 
the Baltimore Electric Refining Company from 1892 1893. 

Professor Mechanical Engineering and, later, Dean the Engi- 
neering Department, was member the Faculty the Virginia Poly- 
Institute from 1893 1918. was during his twenty-five years 
the Virginia Polytechnic Institute that Professor Randolph rendered his 
greatest service the Engineering Profession. trained under him 
not only received thorough knowledge the profession, but were given 
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practical working knowledge the problems that would met later life. 
The students were also trained the highest ethics the profession. 


his work the Virginia Institute, Dean Theodore 
Campbell, writes: 


“Professor Randolph succeeded, Professor Engineering, the 
late James Fitts, who was unfortunately killed railroad accident 
his way the Chicago Exposition. recollection serves aright, 
Professor Randolph was suggested the President the Institution the 
President the Baltimore and Ohio Railroad. 

“He entered his duties Professor Engineering September, 1893. 
The Engineering Department was subsequently developed and divided into 
Mechanical, Electrical, and Civil Engineering—Mining Engineering being 
introduced many years later. When the above division took place, Professor 
Randolph was made head the Mechanical Engineering Department and had 
charge the college shops and the college repair work. remained head 
the Mechanical Engineering Department until his resignation was tendered 
1918. 

“During the latter part President Barringer’s administration, Professor 
Randolph was made Dean the whole Engineering Department. This office 
filled until his connection with the institution was terminated his 
resignation. 

“Professor Randolph brought the institution wide knowledge men 
the professions and the business world. was instrumental making 
this institution known the various engineering and business activities. 
was who brought into actual connection with the engineering societies. 
also possessed, large degree, and emphasized with the students, the 
human element engineering. The fact that Professor Randolph was highly 
esteemed and valued these various men and organizations was brought 
attention Dean the institution. professor, was very popular 
with his classes, and have often noticed, have others his associates, 
that, when the old men returned here, was almost invariably Professor 
Randolph they asked for first, showing the affection and esteem which 
they held him. 

“Professor Randolph’s activities were, however, sense, limited 
the classroom. was largely responsible for putting the 
secure footing the and for maintaining there. was generous 
almost fault and extremely liberal his contributions the 

“He was Elder the Presbyterian Church this town, which 
retained his membership until his death. was very much interested all 
the interests and activities the church and for long period years taught 
Bible Class the Presbyterian Sunday School and also Normal 

“To him also, more than any other one man, entirely 
him, may say, was due the fact that what now the Norfolk 
and Western Railroad connecting Blacksburg with line the 
Norfolk and Western Christiansburg, was built and operated. 

“As man, was what may termed ‘big man’—a man big heart and 
big ideas. was intimately associated with him for years and can 
truly say that never saw anything Professor Randolph’s actions that 
smacked the least pettiness. was faithful friend, genial companion, 
earnest Christian, useful citizen, and his influence any community 
which lived could not but helpful and elevating.” 


Professor Randolph found from his duties the Virginia Polytechnic 
perform great deal important consulting work. also 
wrote number papers and discussions for the Society and for the other 
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engineering societies which was member, among which were the 
American Society Mechanical Engineers, the International Association for 
Testing Materials, the American Institute Electrical Engineers, and the 
Tau Beta Fraternity. 

During the World War, served the Research Section the 
Shipping Board, Emergency Fleet Corporation, and the latter part his 
life was spent looking after his special interests, among which was the 
Brush Mountain Coal Company which was President. 

was married October 15th, 1890, Cumberland, Md., Fanny 
Robbins, who, with three sons and one daughter, survives him. 

Professor Randolph was elected Member the American Society 
Civil Engineers January 2d, 1890. 


SAMUEL CLARENCE THOMPSON, Am. Soc. E.* 


Diep 1920. 


Samuel Clarence Thompson, the son Samuel Newman Thompson and 
Mary Ann (Washburn) Thompson, was born Roxbury, Mass., April 4th, 
1851. The family moved from Roxbury Southboro, Mass., while Mr. Thomp- 
son was his early boyhood. won scholarship the Massachusetts 
Agricultural College and was graduated therefrom 1872. 

1875, Mr. Thompson was engaged Assistant Engineer the new 
Water Supply Commission the City Boston, and 1879 was appointed 
Acting Chief Engineer the construction the South Florida Railroad. 
Later, 1881, was made Assistant City Engineer Lowell, Mass., and, 
this capacity, had charge the laying the large supply main from the 
high-service reservoir Centralville, under the Merrimac River, Belvedere. 
Subsequently, was charge rebuilding the bridge across the Merrimac 
River. 

Mr. Thompson came New York City 1883 and entered the service 
the municipality the Department Parks, the Borough the Bronx, 
which, that time, was known the 23d and 24th Wards. continued his 
connection with the City New York the Department Highways, 
through its changes name and jurisdiction, until his death February 
28th, 1920. 

Mr. Thompson was the service the city for years and, until his 
last illness, lost only days from his work during that time. was 
charge the Bureau Highways the Office the Borough Presi- 
dent the Bronx for many years, and there are numerous monuments 
the Borough his ability and energy Engineer. was also 
charge the regulating, grading, and paving the streets the 
West Bronx, the construction the Grand Boulevard and Concourse, and 
all its connecting transverse roads. 
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May 5th, 1875, was married Miss Alice Louise Fairchild 
Natick, Mass., who, with daughter, Mrs. Elsie Thompson Shepard, sur- 
vives him. 

Mr. Thompson was Charter Member and Past-President the Munic- 
ipal Engineers the City New York. was also member the 
National Geographic Society and the League American Sportsmen, Knight 
Honor, member the Royal Arcanum and the Loyal Association 
the Royal Arcanum, Roome Lodge No. 746, and M., Chancellor 
the Supreme Court the Phi Sigma Kappa, and member the Phi 
Kappa Phi. 

His loss was deeply felt the Engineering Corps the Office the 
President the Borough the Bronx and all his associates and friends. 

Mr. Thompson was elected Member the American Society Civil 
Engineers February 6th, 1889, and served Director from 1909 1911. 


ROBERT ATTWELL WAY, Am. Soe. E.* 


Diep 6TH, 1901. 


Robert Attwell Way was born January 29th, 1854. 1871, entered 
the Royal Indian Engineering College Cooper’s Hill, Egham, Surrey, 
England, from which was appointed Assistant Engineer the Public 
Works Department the Government India. 

proceeded India 1873 and was assigned the Rajputana Malwa 
Railway. 1879, was transferred, Executive Engineer, Kathiawar 
and was placed charge the survey and construction the Gondal Branch 
the Bhavnagar Gondal Railway, for which received the recognition 
the Government Bombay. 

1887, Mr. Way’s services were lent the Bengal Nagpur Railway 
Superintending Engineer, and, 1889, was appointed Engineer-in-Chief 
the construction the Delhi-Umballa-Kalka Railway which completed 
1892. then returned the service the Government and for the next 
few years was employed for lines connect Assam and Burma. 

April, 1896, was selected the Board Directors the Assam- 
Bengal Railway their Agent and Chief Engineer succession Mr. John 
Walker Buyers. April, 1901, after five years service with the Company, 
died Chittagong, India, after short illness. 

The difficulties and privations his work India sowed the seeds disease 
which killed Mr. Way the prime life. was kindly and cheerful 
disposition and his ability Engineer was considerable. fact, was 
regarded one the coming men connection with railway development 
India. 

acknowledging the news his death, the Board Directors the 
Assam-Bengal Railway, wrote follows: 


“Mr. Way was appointed the Agency and Chief Engineership April, 
1896, and was thus connected with the railway for period five critical 
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years, covering the completion the Chittagong Section and its organization 
open-line basis, well the execution the greater part the con- 
struction work the Northern Sections the work exceptionally 
arduous character, and sufficient itself tax the full the skill and 
energy those responsible for it. 

“During this period, Mr. Way not only sustained both Engineer and 
Manager the high reputation with which entered the service the Com- 
pany but, the opinion the Board, greatly added it. 

“The Directors feel that they have lost Officer who, his ability and 
devotion. his work, commanded their entire confidence, and they deplore his 
death great misfortune the Company.” 


Mr. Way was elected Member the American Society Civil Engineers 
June 7th, 1893. 
EDGAR TRUE WHEELER, Am. Soe. E.* 


Diep Marcu 2p, 1922. 


Edgar True Wheeler was born San Francisco, Calif., November 
1870. was the son Samuel Wheeler, prominent San Francisco 
engineer who originated the first system that city. Edgar True 
Wheeler received his first schooling San Francisco and, later, moved 
with his parents the vicinity Westminster, Calif. Subsequently, 
moved San Diego, Calif., where became actively engaged the Engineer- 


ing Profession, having been attached the City Engineer’s Office from 1886 

1889 and 1890, was engaged location work the Cuyamaca Rail- 
road San Diego County, which now the San Diego and Arizona Railroad, 
when was appointed make the preliminary survey for the Bear Valley 
Irrigation Company and the Arrowhead Reservoir Company. 

1891, Mr. Wheeler joined the Engineering Department the Seattle, 
Lake Shore and Eastern Railroad and was engaged bridge construction. 
The lure Southern California made itself felt, however, and, 1892, 
Was again appointed Engineer for the Arrowhead Reservoir Company, 
charge the topographical and irrigation surveys. 

1893, entered the Engineering Department the City Los Angeles, 
and was Assistant charge the Outfall Sewer. the completion this 
work, became associated with James Taylor, Am. E., 
general engineering, until 1894, when re-entered the City Engineering 
Department Los Angeles. remained with this Department until 1896, 
when Assistant Engineer Construction for the Pasadena and 
Pacifie Railway. 

From 1896 1900, Mr. Wheeler was Assistant Engineer Bridges and 
Tunnels, which the City Los Angeles was building that time. During the 
construction the Third Street Tunnel, met with accident, and, while 
recuperating, left for Mexico and joined the Engineering Staff the Mexican- 
Railroad. 1901, with his injury still troubling him, went 
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Michigan, where became Principal Assistant charge the construction 
all coal docks and bridges the Copper Range Railroad. The cold weather 
again sent him Southern California, where joined the Engineering 
the Railway, charge all bridge construction and design- 
ing. During 1905 and 1906 was engaged private practice, but still had 
charge all bridge designs for the Pacific Electric Railway. 

Mr. Wheeler then entered the firm the Mercereau Bridge and Construc- 
tion Company, General Contractors, specializing bridges, wharves, and con- 
crete structures, Vice-President and Engineer, charge all estimates, 
designs, and construction. 

1911, organized the Edgar Wheeler Company, corporation 
engaged general engineering and contracting business, which was 
President. 

During the World War, left the corporation active member, and 
entered the Government service Superinténdent Construction Rock- 
well Aviation Field. entered the Army Service, Captain 
Engineers, and was stationed with the 125th Engineers. 

April, 1920, Mr. Wheeler was associated with the late Homer Hamlin, 
Am. Soe. E., former City Engineer Los Angeles, with whom was 
very intimate, making survey the Colorado River, for possible dam sites 
and also obtain additional data the Boulder Canyon Project. This trip 
was made rowboats, and was spoken Mr. Wheeler, being the best 
vacation had ever had. 

January, 1921, again revived the charter the Edgar Wheeler 
Company which had been inactive the war and managed until his 
death. February 25th, 1922, was taken ill with influenza, which, few 
days later, developed into pneumonia, and caused his death March 2d, 1922, 
after illness five days. 

Mr. Wheeler had made extensive plans for the future and was very 
regarding the growth Los Angeles, well the prosperity 
the coming year; was great booster, having been pioneer Southern 
California. Due his splendid personality, had host friends and 
acquaintances. engineer, had developed wonderful judgment, and 
his death the Engineering Profession has lost valuable member. 

Mr. Wheeler was member the American Society Military 
and the Los Angeles Section the Society which passed the following 
resolution his death: 

“Whereas, His infinite wisdom has pleased the Almighty Providence 
take from our beloved fellow-member Edgar True Wheeler, and, 

“Whereas, The Los Angeles Section, American Society Civil Engineers, 
desires express its sympathy his bereaved widow and children and 
with them their grief, and 

“Whereas, His removal from among will prove irreparable loss the 
world and his friends whom has been throughout his professional life 
assiduously devoted, and 

“Whereas, desire express our deep appreciation his upright and 


manly character citizen and engineer. was thorough, careful, reliable, 
honorable, and conscientious, and one who was never swerved from the path 
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rectitude fear favor. straightforward citizen, noble example 
for the young all classes and, particularly, the members his chosen 
profession. 

“Therefore, Resolved, That these resolutions spread upon the 
minutes this Society and copy sent his family our expression 
sympathy and condolence their affliction. 

cherish the memory his noble character, his lofty patriotism, and 
the wisdom his counsel. that loved him so, followed him and honored 
him and made him our pattern live and try’.” 


Mr. Wheeler was elected Member the American Society Civil 
Engineers December 7th, 1904. 


SEBASTIAN WIMMER, Am. Soe. E.* 


Diep 30TH, 1921 


Sebastian Wimmer, the son George and Theresia (Hahn) Wimmer, was 
born Thalmassing, near Ratisbon, Bavaria, Germany, January 5th, 1831. 
His father was hotel proprietor Thalmassing, but removed Munich 
1833, where the son was graduated from the Technical and Schools. 
also took engineering course the latter 1850-51. 

June 2d, 1851, Mr. Wimmer, with his uncle, the late Archabbot Boni- 
face Wimmer, O.S.B., arrived New York City. went from there 
Pittsburgh, Pa., where was graduated from the Iron City College, having 
taken course bookkeeping and business methods. 

began the practice his profession the United States with the engi- 
neering firm Hastings and Preisser, Pittsburgh, Pa., with which the 
writer’s father, the late Sigismund Low, was also associated. Messrs. Wimmer 
and Low were intimate friends, whose acquaintance lasted many years. 

From Pittsburgh, Mr. Wimmer went New Orleans, La., where re- 
mained for six months, returning Pittsburgh, 1853. then secured from 
the late Milnor Roberts, Past-President, Am. Soc. E., Chief Engineer 
the Allegheny Valley Railroad, appointment Assistant Engineer 
charge the Division between Pittsburgh and Kittaning, distance 
was engaged this work until October, 1856, when went 
Minnesota. Soon after locating St. Paul, was appointed Assistant Engi- 
neer the Faribault Division the Minneapolis and Cedar Valley Railroad 
(now the Chicago, Milwaukee, and St. Paul Railroad), after locating the line 
from Minneapolis Mendota, via Fort Snelling. 

From Minnesota, Mr. Wimmer returned Pittsburgh, where left his 
family, and again went New Orleans with the idea locating there, but, 
account his health, was forced give his plans. Returning 
Pittsburgh, accepted the position bookkeeper St. Vincent’s Abbey, West- 
moreland County, Pennsylvania, where was instrumental having tele- 


graph office and post-office established and where served the first Post- 
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1861-63, under Thomas Seabrook, made the survey for the Allegheny 
Valley Railroad from Garland Oil City, and northward from Titus- 
ville. June, 1863, was transferred St. Marys, Pa., take charge 
the Edward Miller and Milton Courtwright Contract, complete the Phila- 
delphia and Erie Railroad from Whetham, west Lock Haven, Warren, 
Pa., distance miles. 

This work having been completed early 1865, Mr. Wimmer went New 
York City, where, March 6th, 1865, met Gen. Talcott, relative 
Capt. Andrew Chief Engineer the Imperial Mexican Railway, 
and secured appointment this railway, which, the time, was under 
construction between Vera Cruz and the City Mexico, 264 miles, exclusive 
the Puebla Branch. 

Mr. Wimmer was assigned the heavy construction work what known 
the Maltrata Incline, the heavy grade line between Orizaba and Boca del 
Monte. sailed from New York City March 29th, 1865, arriving Vera 
Cruz April 13th. that time, the railway was operation far west 
Paso del Macho (Mule Pass), miles. Leaving Vera Cruz April 16th, 
1865, Mr. Wimmer reached the railroad terminus after three hours’ journey. 
The trip from Paso del Macho Orizaba, miles, was made stage coach, 
and Mr. Wimmer arrived the latter place the morning 
Orizaba, then city 22000 inhabitants, was the headquarters both the 
engineers and the contractors. 

Capt. Talcott arrived from City Mexico April 25th, 1865, com- 

pany with Mr. William Lloyd, London, England, who was Chief Engineer 
for the Contractors, Smith, Knight and Company, and April 26th, the 
party, with Mr. Wimmer, traveled horseback Maltrata. The next day 
they rode Boca del Monte (mouth the mountain), the head the grade, 
returning Maltrata the same evening. Mr. Wimmer had been placed 
charge Sections 1-7 (seven miles), comprising the work the 
upper end the Maltrata Incline, superseding Mr. Fred Simon, English 
engineer. 
Emperor Maximilian, tour inspection the railroad, arrived 
Maltrata April 29th, 1865, and was entertained dinner the chief con- 
tractors, Smith, Knight, and Company. During this dinner, was apprised 
the assassination President Lincoln, and, with number the engineers, 
left immediately for Orizaba. 

Sunday, April 30th, Mr. Wimmer attended church with the Emperor, 
and, later, left for Maltrata, take charge his assignment. His first head- 
quarters, Boca del Monte, were shanty which housed from mules 
and also served powder magazine. July 20th, 1865, moved new 
quarters, the site Wimmer Bridge Section and his first work was the 
taking the regular monthly estimate. The center line had been run, but 
had make frequent changes the alignment, introducing curves 
350-ft. radius, order reduce the work. One these points was 
mer Bridge, another the Twin Barrancas, where located tunnel through 
projecting spur, order reduce two large embankments which would have 
required “millions” cubic yards material. Mexico, the wet season 
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June, July, August, and September, and during this period enormous 
slides gave much trouble. 

Routine work kept Mr. Wimmer busily employed, the monotony being 
varied frequent inspections the engineers the Railroad Company, 
well those the Chief Contractors. Other incidents scares, 
the murders sub-contractors soldiers the Liberal Government, earth- 
quakes, ete. The Empress Carlotta also visited Orizaba December 25th, 
1865, entertainment being given her honor. 

Owing financial difficulties, the railway work was considerably curtailed 
the spring 1866, and Mr. Wimmer procured absence visit 
the United States, arriving New York City June 13th. returned 
Mexico September and proceeded once Maltrata. October 23d, 
was ordered the City Mexico compile estimate the amount 
work done the contractor between Paso del Macho and Boca del Monte, 
59.5 miles. This work two months, and January 3d, 1867, Mr. 
Wimmer returned Maltrata take his routine duties. Military opera- 
tions between the contending forces Emperor Maximilian and the Mexi- 
cans were progress this time and virtually compelled the abandonment 
railroad construction. 

Having received orders proceed London, England, the interest and 
pay the Chief Contractor, Mr. George Crawley, Mr. Wimmer, the 
company many the engineers, contractors, and their families, left Orizaba 
April 30th, 1867, for Paso del Macho, which place was reached after many 
delays. Mr. Wimmer had with him such maps, profiles, documents, and papers, 
relating the work, were essential for the computation quantities and 
the determination the moneys due the contractor. 

May 1867, the party left Paso del Macho, open flat ear. 
Owing the ascending grade Cameron, eight miles, they had hire Indians 
push the car the summit, and from there they dashed down grade east- 
ward great speed, the brake the car would not work properly. They 
passed through Soledad and the next grade, where, fortunately, they were 
able control the speed, Tejeria, miles out Vera Cruz, where the 
railroad trestle over the barranca had been burned. From Tejeria, they tele- 
graphed Gen. Benavides, Casa Mata, the outskirts Vera Cruz, who 
sent them car which they reached Casa Mata. 

Mr. Crawley and others called Gen. Benavides, present instructions 
from Gen. Porfirio Diaz (at the time besieging the City Mexico) allow the 
party leave Mexico for England. The members the party were then taken 
Medellin, and May they left Medellin Indian canoes for Boca del 
Rio, miles down the river, arriving there safely. Owing some mistake 
Gen. Benavidas, Mr. Wimmer’s name and that Mr. John Weiden- 
borner were omitted from the list those permitted leave Mexico, and 
they were not allowed board the steamer, the Jason, with the party, although 
Mr. Wimmer had United States passport signed the Secretary State. 

hearing their plight (they were without money, except for ounce 
gold which Mr. Wimmer happened have his pocket, clothes, etc.), Mr. 
Crawley got communication with Gen. Benavides, and, finally, boat flying 
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the American flag appeared Boca del Rio, and their great joy, was per- 
mitted take Messrs. Wimmer and Weidenborner board. They were then 
put aboard the Jason, but, afterward, Mr. Wimmer and Mr. Weidenborner left 
the Jason for the Steamer, Virginia, which sailed for Havana, 
reaching that city May 10th, 1867. Mr. Wimmer left Havana shortly 
afterward for New Orleans, and went from there Philadelphia, Pa., arriving 
that city May 25th, 1867. 

June 26th, 1867, Mr. Wimmer left New York City for London, Eng- 
land, compile the final estimate and adjust the accounts Mr. Crawley, the 
General Contractor for the Imperial Mexican Railway. This work was com- 
pleted August 9th, 1867, after which Mr. Wimmer visited the Paris Exposi- 
tion and relatives Bavaria, Germany, and returned the United States 
November. While the Paris Exposition, received telegram from 
the London Railway Office, requesting him and Mr. Thomas Braniff return 
Mexico. But declined the offer. Mr. Wimmer’s name indelibly asso- 
ciated with the Imperial Mexican Railway having one the bridges 
(Puente Wimmer) the Maltrata Incline named for him. 

his return the United States, Mr. Wimmer received offer from the 
late George Roberts, First Vice-President the Pennsylvania Railroad, 
position line built that Company from Driftwood Dubois, 
Pa. (low grade), which accepted. 

From 1868 1874, Mr. Wimmer was charge the construction the 
Bennetts Branch Extension the Philadelphia and Erie Railroad, afterward 
known the Low Grade Division the Allegheny Valley Railroad, with head- 
quarters St. Marys, Pa. Frank Ashmead, Am. E., who was 
connected with this work 1871-72-73, writes: 


“Mr. Wimmer was pretty constantly the field, and week passed 
that did not ride horseback from St. Marys Caledonia and the further 
twenty miles Summit Tunnel, that with that and the further ride 
horseback one another our party through the twenty miles the 
St. Marys office, had ample opportunity become well acquainted with 
what can candidly say was one the noblest characters have ever met 
long business life. This refers his personal goodness disposition. 
think everybody liked Mr. Wimmer. for his technical training and com- 
plete fitness lead constructive work, such that upon which were 
engaged that time, think all bowed his superior knowledge, although 


believe number younger recruits had been trained technical col- 


1874, Mr. Wimmer was elected represent Elk County the Penn- 
sylvania State Legislature, and served for two terms, during which was 
Chairman the Railroad Committee, Secretary the Committee Counties 
and Townships, and member the Centennial Committee. 1876, Mr. 
Wimmer was Presidential Elector for Tilden and Hendricks. 

From 1877 1879, was engaged Chief Engineer the Pittsburgh 
and Lake Railroad, line built the so-called Economite Society, be- 
tween Pittsburgh, and Youngstown, Ohio. Samuel Rea, Hon. Am. 
Soe. E., now President the Pennsylvania System, served this work 
under Mr. Wimmer. 
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From 1879 1882, was the Chief Engineer the New York and North- 
ern Railroad, extending from High Bridge Brewsters, Y., with office 
New York City. the summer 1882 (August and September), Mr. 
Wimmer went Mexico representative New York Syndicate 
examine the Mexican Central Railway then building. From late 1882 
1884, served Chief Engineer charge construction the Erie and 
Wyoming Valley Railroad, from Hawley Avoca, Pa. Returning New 
York City, built the Yonkers Rapid Transit Railway, reported line 
between Turner (Newburgh Junction), the Erie Railroad, and Danbury, 
Conn. also lines Elk and Clearfield Counties, Pennsylvania, 
for the Pittsburgh, Shawmut, and Northern Railroad. 

1904, Mr. Wimmer was appointed Associate Chief Engineer the 
Wabash Railway, comprising the Pittsburgh, Carnegie, and Western Railway, 
from Pittsburgh the Ohio River, and the Pittsburgh, Toledo, and Western 
Railway, from the Ohio river the connection the Wheeling and Toledo 
Railway, Harrison County, Ohio. This was one the most difficult pieces 
railroad construction the United States, having seventeen tunnels, vary- 
ing length from 200 ft., and many iron bridges, including two 
exceptionally long ones over the Monongahela and Ohio Rivers. This work 
will ever stand monument his integrity engineer. 

1907, Mr. Wimmer left St. Marys, where had maintained his resi- 
dence since 1863, and went Albany, Minn., where resided his farm 
until about 1919. then returned St. Vincent’s Abbey, Beatty, Pa., 
which had been founded his uncle and which had been the first Arch- 
abbot, spend his remaining years. His death occurred there November 
30th, 1921, after weeks patient suffering. 

February 12th, 1857, Mr. Wimmer was married Miss Lavinia Blakely, 
Pittsburgh, Pa. this union three sons were born, Dr. Sebastian 
Wimmer, Ernest Wimmer, attorney, and William Wimmer. The latter 
two, with the wife and mother, preceded Wimmer the grave. The sur- 
viving son, Dr. Wimmer, special representative for the Standard Oil 
Company. 

Mr. Wimmer was one those men whom the world sees too few, and 
those who came contact with him know his real great worth. 

Mr. Wimmer was elected Member the American Society Civil Engi- 
neers March 2d, 1881, and the time his death was the oldest member 
the 


GEORGE ROBERT DAVIS, Assoc. Am. Soc. E.* 


31st, 1922. 


George Robert Davis was born Riverside, Calif., October 17th, 1877. 
the age 20, joined the United States Geological Survey the 
capacity Elsinore, Calif. 1912, was promoted 
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the position Topographic Engineer charge the Division 
the Survey, which includes the States Washington, Oregon, California, 
Utah, Arizona, and the Territory Hawaii, position which held until 
his death, San Francisco, Calif., March 31st, 1922. 

survived his wife, Mrs. Adelena Marie Fontaine Davis, and 
daughter. 

During the years his service with the Government, Mr. Davis surveyed 
much unexplored territory the Western States and was recognized 
expert Topographic Engineer. Included his work surveying 
was the mapping the Mount Whitney, Mount Goddard, Bakersfield, and 
McKittrick Quadrangles, California, well mapping the Yosemite 
National Park, and King’s River Canyon, Mt. Rainier National 
Park, Washington, the Territory Hawaii, and many other areas. Mr. 
Davis has thus indetibly imprinted his lifework some thirty Government 
maps portraying the highest type mapping. his death, Geo- 
graphic Science has sustained distinct loss. 

Mr. Davis was Fellow the American Geographical Society, member 
the National Society, the Sierra Club San Francisco, 
the City Club Washington, the Sutter Club California, and Ever- 
green Lodge, and M., Riverside, Calif. 1915, was Govern- 
ment delegate the International Engineering Congress San Francisco 
and, 1920, delegate the Congress Honolulu, 
Hawaii. 

Mr. Davis was elected Associate Member American Society 
Civil Engineers April 3d, 1907. 


CLIFFORD MARSHALL KING, Assoc. Am. Soe. E.* 


Diep 2p, 1922.. 


Clifford Marshall King, the son Judge and Mrs. Edmund King, 
was born Sandusky, Ohio, December 17th, 1879. 

received his elementary education the Sandusky schools and 
Oberlin Academy. September, 1897, entered Adelbert College, Western 
Reserve University, Cleveland, Ohio. April, 1898, enlisted the 
Army and served Battalion Sergeant Major the Second Battalion, 6th 
Regiment, Ohio Volunteer Infantry, until 1898, when was 
honorably discharged order President McKinley. Mr. King received 
his Degree from Western Reserve 1901, and the same year, entered 
Cornell University, from which was graduated with the degree Civil 
Alpha Delta Phi Fraternity. 

After his graduation and until 1907, Mr. King was Assistant Engineer 
the United States Reclamation Service and Deschutes Irrigation and Power 
Company. From January, 1908, until the latter part 1912, served 
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City Engineer Sandusky, Ohio. After completing his terms City 
Engineer, and the time his taking office County Engineer 
Erie County, Ohio, January, 1915, devoted his time the general 
practice Civil Engineering his own office Sandusky. 

Mr. King served County Engineer for two years and then entered the 
Army Captain the Engineer Corps. After receiving his honor- 
able discharge from the Army 1919, entered the employ the City 
Cleveland Assistant Engineer charge design the Sub-Division 
Sewage Disposal, which position remained until his death January 
2d, 1922. Just prior his death, had made arrangements become asso- 
ciated private engineering practice with George Gascoigne, Am. 
Soe. position similar that which held with the City 
Cleveland. 


survived his widow, Edith Davis King, his parents, and one 
sister. 

Mr. King was ardent patriot and 1895 began his military training 
with enlistment Company 16th Regiment, Ohio National Guard. 
1898, stated, was the Federal Service during the Spanish-American 
War and when the United States entered the World War, Mr. King was 
among the first offer his services. was commissioned Captain the 
Engineer Reserve Corps August 27th, 1917, and soon after entered the 
Engineer Officers’ Training Camp. After receiving his commission, 
served Assistant the Division Engineer, 88th Division, and was 
detailed Instructor Field Fortifications the Third Officers’ Training 
Camp Camp Dodge, Iowa. Soon afterward was assigned the 528th 
Engineers and was Commander Company from April, 1918, March, 
1919, when was promoted Commander the Battalion which office 
held until the time its demobilization Camp Gordon, July, 1919. 
served France from July, 1918, June, 1919. 

Mr. King thoroughly enjoyed his military experiences and had such 
complete grasp the details the various movements France that after 
his return was most instructive and entertaining listen his explana- 
tions the accomplishments the Field Armies. 

Civil Engineer, Mr. King has left work and around Sandusky, 
which will stand his for many years come. This applies particu- 
larly the Cedar Point Chaussée and various highways and bridges which 
specialized. 

his professional service, was conscientious and painstaking the last 
degree. His ability apply himself problem showed power con- 
centration possessed few. was untiring worker and would never 
rest until the task hand was completed. 

Although quiet and reserved nature, Mr. King nevertheless had keen 
sense humor. His politeness and chivalry were noted every one who 
had oceasion meet him socially. those who knew him intimately, 
had personal charm that made him not only highly respected but greatly 
beloved well. His passing leaves gap the ranks his many friends 
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who knew him all man sterling character and 
high ideals. 

always kept abreast the times and identified himself with various 
societies. was member the American Association 
Engineers, the Ohio Engineering Society and the American Society 
Military Engineers. addition the professional societies, was mem- 
ber the City Club Cleveland and also various Masonic bodies, all 
which had attained high degree eminence. 

Mr. King was elected Junior the American Society Civil Engineers 
March 6th, 1906, and Associate Member July 1st, 1909. 


EMERET CLAUDE NEUDECKER, Am. Soe. E.* 


1921. 


Emeret Claude Neudecker, the son Frank and Lavina (Powers) Neu- 
decker, was born Madison, Y., June 8th, 1885. His early education 
was obtained Oriskany Falls Union, New York, and Colgate Academy, 
from which was graduated June, 1906. received his technical educa- 
tion the Clarkson College Technology, from which was graduated 
the Class 1911. 

From July, 1911, February, 1918, Mr. Neudecker was with the New 
York State Engineer Albany, Starting Chainman, was pro- 
moted through the grades Rodman, Leveler, Timekeeper, Transitman, In- 
spector, and Junior Engineer, and April 1st, 1917, reached the grade 
Junior Assistant Engineer. 

From March 1st December 22d, 1918, was employed Chief Party 
for the Mellon-Stuart Company, his work consisting giving grades and 
locations for the construction permanent hospital unit Edgewood 
Arsenal, Edgewood, Md. 

From December 22d, 1918, March 22d, 1920, Mr. Neudecker was with 
the Shipbuilding Realty Corporation, Newport News, Va., Chief 
Party. such, his work consisted giving grades and locations for all 
main sewers, sewage disposal plant, storm drains, walks, curbs, and gutters 
for the Hilton Village Housing Project. Later, assisted making the 
final record maps this work. 

Mr. Neudecker began his work for the Iowa Highway Commission 
June 1920, Instrumentman surveys. continued with the Com- 
mission various work, until his death June 8th, 1921. December 
9th, 1920, was transferred District Headquarters Storm Lake, Iowa, 
where was engaged preparing plans for road construction for the State. 
April 1st, 1921, was transferred Humboldt, Iowa, Resident Engineer 
grading and paving, and was located Humboldt the time 
his death. 
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July 15th, 1918, Mr. Neudecker was married Sarah E., daughter 
Willard Bruce and Lephe Sprague, Canton, Y., who died 
May, 1918. daughter, Sarah Frances, survives him. 

Mr. Neudecker was man the conservative type. was one the 
few men who actually have more ability than they themselves realize. While 
recognition which was given the important assignment Humboldt. 
numbered among his friends all his associates the highway work, and 
his sudden death was shock his friends Iowa and his relatives New 
York State. 


Mr. Neudecker was elected Associate Member the American Society 
Civil Engineers April 19th, 


ABRAHAM JOHN RUTH, Assoc. Am. E.* 


3p, 1921. 


Abraham John Ruth, the son Daniel and Anna Ruth, was born 
St. Clair County, Illinois, April 6th, 1874. was educated the 
University Kansas, from which was graduated 1901, with the degree 

During his summer vacation 1900, Mr. Ruth served Topographer 
railway survey Arkansas. After his graduation, June, 1901, entered 
the employ the American Bridge Company, Trenton, J., Draftsman 
the detailing steelwork, but resigned April, 1902, accept 
position Draftsman the Bridge and Building Department the Chicago, 
Milwaukee, and St. Paul Railway Company, Chicago, this capacity, 
was engaged the design and detailing steel and masonry work, having 
had charge for one year masonry design for the Department. 

August, 1904, Mr. Ruth went the Coast, and entered the 
service the Southern Pacific Company, having been engaged main- 
tenance-of-way and office work the Los Angeles Division. 

July, 1905, was appointed Assistant Engineer and Chief Draftsman 
the Railway Department the Cananea (Mexico) Consolidated Copper 
Company, and was engaged the design bridges, structures, machines, 
and also assisted superintending their construction. February, 
1911, was also given charge the Mechanical Drafting Room the 
Company, and from June, 1912, served Chief 
charge construction work. 1913, Mr. Ruth entered the 
service the Arizona Copper Company, with which Company remained 
for several years. was also engaged the automobile business for 
number years. 

January 1921, went Tampico, Tamps., Mexico, the employ 
the Huasteca Petroleum Company, with which Company served until 
his death November 3d, 1921. 


*Memoir prepared from information furnished Willis, Assoc. Am. Soc. 
E., and file Society Headquarters. 
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was married December 25th, 1902, Emma Eymann, with 
three daughters and one son, survives him. also survived his father, 
eight brothers, and three sisters. 

Mr. Ruth was elected Associate Member the American Society 
Civil Engineers March 4th, 1913. had also been member the 
Western Society Engineers. 


EDMUND ABIEL THORNTON, Assoc. Am. E.* 
Diep January 9TH, 1922. 


Edmund Abiel Thornton, the only son Thomas and the late Flora 
(Thorne) Thornton, was born Stoneham, Mass., September 13th, 1883. 
While still boy the Grammar School, the long and serious illness his 
father, brought him early responsibility and served develop the strong 
traits industry and perseverance that persisted his character during the 
remainder his life. these earlier school days, ranked high scholar, 
and, unusual degree, sought apply the knowledge gained from his 
studies the problems his daily life. was graduated from the Stone- 
ham High School 1903 Valedictorian his class. 

After his graduation from High School, Mr. Thornton passed the entrance 
examinations for the Massachusetts Institute Technology, winning scholar- 
ship. selected the course Civil Engineering and close application 
his studies won him other scholarships which, together with field work 
his profession during summer vacations, enabled him pay his expenses 
through the four years required for the completion the course. was 
graduated 1907 with the degree Bachelor Science. 

July, 1907, Mr. Thornton entered the employ the Randolph Lines 
(Southern Pacific Mexico), Assistant the Office Engineer Tucson, 
Ariz. remained this position until April, 1909, when resigned 
enter the employ the Ray Consolidated Copper Company Ray, Ariz., 
Draftsman. 

When had been for about one year with the Ray Consolidated Copper 
Company, was appointed Engineer development work No. Mine, 
which now the principal producing unit the Company. While holding 
this position, Mr. Thornton made many important surveys, and detailed the 
timbering and track work for all the main haulage drifts the mine. The 
exceptional accuracy and keen perception which displayed attacking the 
many difficult problems that came him for during this period, 
could not fail win the appreciation his superiors, and, January, 1914, 
was placed charge all the surface engineering the mines well 
maintenance way the Ray and Gila Valley Railroad. 

During 1914 and 1915, planned and carried out numerous important 
surface improvements which the expanding plant and the rapidly growing 
community made necessary. was, also, during this period, that made 
preliminary surveys and studies for the flood control and diversion Mineral 
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Creek, and the result these studies was effective solution what had 
previously been serious problem both the mines and the railroad. 

May 1916, Mr. Thornton was appointed the position Chief 
Engineer and this well-deserved promotion gave him broader scope which 
demonstrate his unusual ability. that time, the Ray Consolidated Copper 
Company, well all the copper mines, was production the 
utmost order meet the demand for copper created the 
World War. With the entrance the United States into the conflict, came 
the necessity still further increase production the time when the 
draft was taking away from the working force, many the trained men who 
could not easily spared. That the Ray Consolidated Copper Company was 
able meet this emergency successfully, was due, small measure, the 
efficient manner which Mr. Thornton directed the work his Department. 
His fitness for still higher position was recognized and, February 
1918, was appointed Assistant Superintendent Mines, which position 
still held when his career was brought untimely end January 
9th, 1922. 

During the last year his life, Mr. Thornton suffered from illness which 
bore with great fortitude and which, with characteristic bravery, con- 
cealed even from his most intimate associates. Without doubt, persistent 
application his work this time had much with hastening 
July, 1921, returned his old home Stoneham, Mass., the hope 
that long rest under skillful medical treatment would restore him health, 
but, unfortunately, this object was not realized. was typical the man 
that, the last day his life, spent much his time study. 

1911, Mr. Thornton was married Miss Louise Parkhurst, who, 
with son, William Randolph Thornton, and his father and sister, survives him. 

engineer, Mr. Thornton was man exceptional ability, and 
close student all that pertained his profession. was far-seeing, yet 
practical. everything attempted, showed himself possessed 
energy and power will which could not fail ultimate achievement. 

man among men, was modest and unassuming, but, whenever 
occasion required, was fearless, straightforward fighter for the cause 
justice and right. Clean-minded and honorable all things, devoted his 
family, loyal his friends and employers, was loved and respected all 
who knew him. 

Mr. Thornton was elected Associate Member the American Society 
Civil Engineers November 4th, 1914. 
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EXPERIMENTS WITH MODELS THE 
GILBOA DAM AND SPILLWAY 


This paper presents the results experiments made with models de- 
termine the carrying capacity projected spillway channel and satisfactory 
section stepped, overfall dam. There also discussion the applica- 
tion the principles homology the models question. 


GENERAL 


The Gilboa Dam, located Gilboa, Schoharie County, Y., forms the 
Schoharie Reservoir which being constructed the Board Water Supply 
New York City part the Catskill System. masonry section, 
approximately ft. long, and earth dike, about ft. long, constitute 
the dam. The down-stream side the masonry sections formed 
large steps, generally about ft. high.. The masonry part the dam has 
maximum height 160 ft., and is: believed that this the highest overfall 
dam this section This part the dam will built 
Cyclopean masonry, faced with native gray sandstone. 


papers are issued before the date set for presentation and discussion. Cor- 
respondence invited from those who cannot present the meeting, and may sent 
mail the Secretary. Discussion this paper will closed with the December 
Proceedings and when finally closed, the paper, with discussion full, will published 

Div. Engr., New York Board Water Supply, Allaben, 


Asst. Engr., Reservoir Dept., Board Water Supply, New York City,. 
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OUTLINE 
& 


This paper has been divided into three general headings: 

brief history the work done and the results obtained. 

2.—A description the experiments the channel and the section 
the dam. 

study the differences the results obtained with models 
various scales. 


History 


The first model the Gilboa Dam and was built determine 
whether the channel, designed and shown the contract drawings under 
which the work was ample carry assumed maximum flow. 
The model, built scale 1:50, indicated that the design was adequate, 
but also showed that the steps the overfall section did not break the 
falling water had been intended. Various modifications the section 
were made, until one was found (Section 16), that seemed meet all re- 
quirements. 

Before accepting this section, was thought advisable experiment 
model larger scale, minute discrepancies made considerable difference 
the flow. The new model which consisted only part the overfall 
section, was built scale 1:20. Observation and careful measurement 
showed dissimilarity behavior these two models, and, therefore, 
larger model, 1:8, was constructed and tested. The results 
these tests proved that, far this section was concerned, the behavior 
equivalent heads over models different scale was not identical. This con- 
clusion was further checked conducting series experiments over flat- 
crested weirs built three different scales. However, all the results bore 
certain degree similarity, was decided continue the search for 
suitable section, but model built 1:20. 

Blocks which later were modified vanes, were placed the upper steps 
reduce the velocity, and many changes were made the section, until 
form was obtained that met all requirements. This was then reproduced 
1:50 and 1:8. Measurements made over these three models still 
showed considerable discrepancy, but not much had been found the 
models without vanes. This section, shown Fig. has been adopted for the 
Gilboa Dam Elevation 


Fig. shows the location the models, details the dam, and the 
controlling features. Various types gauges were used measure the head. 
Those used for all the later experiments may seen Fig. which also 
shows models Section 100 scales 1:50, 1:20, and 1:8, respectively, all 
under proportionate head ft. 

The device used locate the outer and, some cases, the inner edge 
the jet has been called consists essentially two scales 
running guides that are normal each other. determine the amount 
vacuum various parts the flow, gauge was made, consisting 
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U-tube glass with one end open and the other end connected rubber 
tube piece brass tubing small diameter, which was inserted the 
water. This gauge was graduated read directly 0.01 lb. 

Flood Discharge and determine reasonable heads under which 
conduct these experiments, the probable maximum flow Schoharie Creek 
Gilboa must estimated. These data are given Table 


TABLE 
square feet per per ity. 
miles. second. square 
mile 

Conemaugh Johnstown, Pa........ 48.6 450 215 (5) 
Devil’s 143 185 900 1300 (9) 
Great 350 151.9 (10) 


Soc. E., found 844, Report the State Engineer the Barge Canal, 1901. 

(3), Water Supply and Irrigation Paper 97, 1903. 

(4), Supplement Report the Northern New Jersey Flood Commission, March 


4th, 1904. 
(5), Transactions, Am. Soc. E., Vol. 431. 
(8) and (9), Report Arthur Morgan, Soc. E., Chief Engineer, Miami 


(10), “American Civil Engineers’ Second Edition, 905 


(11), Based flood 1903 and gauge height and resulting cross-section the stream 
for the flood 1869. 


study Table made evident that flood 160 cu. ft. per sec. per 


mile might occur. Table computed from the formula,* 


which and ft., gives the head for various flows over 
the dam. 


TABLE 
Discharge, cubic feet Discharge, cubic feet per 
Head, feet. per second. second per square mile. 

495 

960 

130 

881 168 

206 

885 301 


110 


was thought best conduct experiments with heads ft., the 
maximum flood flow indeterminate and the vanes near the crest may 
cause retardation velocity. 


Water Supply Paper No. 200, Geological Survey. 
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1:20, 1:8, RESPECTIVELY. 


tS 
| 


7 
. 


Papers] EXPERIMENTS WITH MODELS GILBOA DAM 1509 


Spillway concrete model the entire dam and spillway, 
scale 1:50, was built and tested under head equivalent ft. over the 
full-scale dam. Assuming similarity action between the model and its 
prototype and that the head selected would represent maximum 
flood flow, seemed evident that the channel was not only ample, but 
that its width and depth might reduced. 

After obtaining satisfactory overfall section this small scale, another 
model the spillway and-dam, which the width the channel was modified, 
was constructed and tested. Fig. shows head ft. over this model (Sec- 
tion 16), under equivalent head ft. and flow 40000 sec-ft. Fig. 
shows the depths flow the channel due head ft. The contours 
represent depths which were approximately constant. general, the high and 
the low places along the wall and the channel, are approximately the same 
place for both 3-ft. and 6-ft. head. This may due the contraction 
the channel opposite the beginning each step. The water the same gen- 
eral depth throughout the channel for the same head. Thus, the 6-ft. head, 
the high water the upper end the channel ft. deep and the lower 
end, ft., which the greatest for this head. With 3-ft. head, the 
maximum depth the upper end 5.7 ft. and the lower end, 5.9 ft., and 
6.7 ft. the greatest depth. 

much this work was done during freezing weather, the spray would 
congeal above the water line and leave definite profile the maximum flow. 
This profile indicated the full lines both the retaining wall and the 
north wing wall and checks closely with that obtained measurement. 
Although the channel has never been tried with the accepted section the 
dam, believed that the results will better, the falling jet will 
closer the dam, thus increasing the available the channel. 

One might conclude from these experiments that the width the channel 
could reduced ft. and that the retaining wall could reduced from its 
the dimensions shown the contract drawing are contemplated, largely 
because the maximum possible flow indeterminate, and because the action 
the model will not identical with that its full-scale prototype. 

Overfall purpose the experiments with the overfall section 
has been develop profile, which fairly equal proportion the jet will 
impinge the tread each step, thus causing the jet broken and 
its velocity reduced. first, was thought that this might done 
changing the location, width, and height the steps. considerable number 
the combinations possible were built, which experiments were made. 
Those experiments that gave fair results and some that gave poor results 
measured. 

making these modifications, was found that reasoning was compara- 
tively useless, the problem was too complicated. Minor changes the 
section greatly influenced the path the jet and often the most unexpected 


manner, that became largely matter trying anything that did not 
seem too absurd. 
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Contours represent elevations of water in channel 
due to a head of 6 feet over the weir. 


The small circles:represent independent 
observations of the upper surface of 
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corroboration, the following quoted from discussion the late 
George Rafter, Am. E.*: 


“On this point the writer again calls attention what seems him ought 
understood everybody, namely, that very slight change the form 
the weir often produces relatively important changes the form the co- 
efficient curve. Reasoning from one coefficient curve another is, therefore, 
without the slightest significance.” 


Generally speaking, the results with the better all these sections showed 
that for low heads the break-up the jet would fairly good, but from 
ft. up, too much water would impinge one step, thus allowing the 
jet accumulate and leap one, two, three steps. 

nearly all the experimental sections, the tread slopes downward 
drains. Many who examined the model, suggested that this step sloped 
upward or, least, made level. Models both these types were constructed, 
and the one with the step sloping upward, the jet rose above the level 
the step and then curved downward, missing from three four steps. 
similar was produced with the level step, except that the jet was not 
projected far. 

Section and, slightly less degree, Section gave good results 
the 1:50 model, but were unsatisfactory when tested the larger scales. 
After many trials, was concluded that the desired results could not 
obtained with simple stepped section, but that some other means must 
used reduce the velocity and break the falling sheet water. 

The early experiments, along this line, consisted placing obstructions 
the form rectangular blocks 6.0 ft. long, 3.0 ft. wide, and 4.0 ft. high, 
various intervals along the tread the first step, the long side being parallel 
with the edge the step. This showed slight over sections 
without blocks. 

Blocks were then designed, the long edge 
which was angle 30° with the 
edge the step. The edges these blocks 
were cut, that part was normal and the 
remainder parallel the edge the step. 

These blocks were tried many arrange- 

ments. one these arrangements, the 

block was placed the down-stream edge 

the and particularly good results 

were obtained. arrangement, how- 

ever, would raise the flow line the reservoir higher than had been planned 
and, addition, the blocks would constant target for floating débris, 
ice, ete., and combination circumstances might readily imagined, 
which the openings between the blocks would become clogged, thus making 
them valueless for retarding velocity. isolated block series blocks 
would difficult hold place. 

overcome some these troubles, the block was again the 
first step, but was extended back the riser, thus forming series vanes. 


Transactions, Am. Soc. E., Vol. XLIV (1900), 391. 
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The first experiments with these vanes were discouraging, but after many 
trials, vane, shown Fig. was found, that gave better results than the 
blocks. 

was decided accept the crest, first step, and vanes and adjust the 
remainder the section them. The model this time consisted 
wooden top down the third step, and concrete steps below. using 
boards various widths and thicknesses, many modifications made, 
until one was found that seemed give better results than all the others. 
With this section basis, new model was constructed, which the risers 
and treads were adjustable, and experiments were conducted starting first 
with the basic and then with maximum and minimum section and deter- 
the three most satisfactory sections. Experiments with the three 
sections thus obtained were then re-run and compared, and the best one was 
accepted. This was modified later and improved lowering the second step 
in., and this section was adopted Elevation 1020. 

order that careful analysis might made the varying flows over 
these sections, tabular form was prepared which zero was used indicate 
that change has been made the section; that the been 
dropped ft., the riser has been placed ft. farther than the normal 
section; and +1, that the tread has been raised ft., the riser placed 
ft. farther out. analysis was also made the effect varying heads 
over the adjusted section, the use symbols represent whether the 
inner edge the flow hit heavily lightly the steps. This tabulation 
made simpler compare the flows over the varying heads and analyze 
their differences. 

The foregoing tests were conducted 1:20 model. verification, 
model was constructed the full height the dam 1:50, and 
another model, scale 1:8, down the fourth step. detailed descrip- 
tion the action over these models will given subsequently, but may 
noted here, that although was not identical, the discrepancy was not 
excessive. 

extending this section for the full length the dam, with all the vanes 
pointing one direction, water will piled against one end. thought 
that, with the higher flows, there will tendency for the water pile 
Step unless some means provided for admitting air behind the jet 
intervals. This might accomplished changing the direction the 
vanes intervals, shown Fig. Other considerations have led the 
decision making only one change the direction the 
change will made the west end the dam opposite the gorge. One 
hundred and eighty-six different experiments were recorded. This includes 
one hundred different sections. 

experiments were conducted, tests were made de- 
termine whether partial vacuum was present any the flows. The 
was found the whirl below the blocks between the vanes. 
the 1:8.model, series ten readings was taken each five different 
heads, the results which are shown Table 
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TABLE 


Maximum, Minimum Average ten readings. 


seemed the general impression that, the models without vanes, 
a-negative pressure might found under the jet from the crest the first 
step. Here, the water back the jet was noticeably higher elevation 
than that front it. Numerous tests, however, showed that the entrained 
air was atmospheric pressure. thought that the following explanation 
may account for this. When the water first passes over the follows 
down the riser. the head increased, the water leaves the riser and forms 
the curve extended. Now, both ends the jet are sealed, air-tight 
compartment left back the jet. this compartment enlarged 
inereases head, there tendency for partial vacuum form back 
the jet, but this counterbalanced the atmospheric pressure outside, 
forcing the water the compartment. Thus, the compartment 
enlarged, the water level behind the jet raised, but the atmospheric pressure 
not reduced. 


DISSIMILARITY ACTION FLows Over 
DIFFERENT SCALES 


Field dissimilarity, referred previously, will now 
discussed detail. Fig. shows the relativity the outer and inner edge 
jets for models Section 16, built three different scales and tested 
under heads and ft. may noted that: 

1—A similar divergence the outer edge the jet, due the scale 
the model, found for all three heads. 

2.—On the crest, the depth the water less for the 1:50 model than for 
the 1:20 model, and greatest for the 1:8 model. 

Step the depth greatest for the 1:50 model. 

Steps and the outer edge the jet, for the 1:20 
model, midway between the outer edges the jets for 1:8 and 1:50 models; 
this particularly true for the 6-ft. head. 

5.—The location the jet, its inner edge, varies with the 
the model. 


first, the discrepancy the behavior the 1:50 and 1:20 models was 
thought due the location the baffle; but nearly identical results were 
obtained after moving the shown Fig. Fig. gives definite proof 


1514 
0.11 0.07 
0.15 0.06 
0.28 0.18 
0.23 0.19 
8.7 0.20 0.14 


See note for See note for head. 


Outer edge of jet as exterpolated 
Exterpolated from 1:50 and 1:8 models 


for prototype,using results obtained : Exterpolated from 1:50 and.1:8 models 
with 1;20 and 1:8 scale models Wp —- 


Ft. Head Ft. Head Ft. Head 


1:60 scale. The inner edge of jet hits steps 1,2 and 6, 1:50 scale. The inner edge of jet hits all steps except step 3. 
completely misses steps 3, 4.and 5. 1:20 scale. The inner edge of jet hits steps 1 and 2, 


completely misses step 3: about 5% of flow hits step 4. 1:20 scale. The inner edge of jet hits steps 1 and 2, — completely misses steps 3 and 4; about 5 of flow hits step 5, 
about 204 hits step 5, entire flow hits step 6. completely misses steps 8 and 4; about 10%0f flow 50% hits step 6, entire flow hits step % | 
1:8 scale. The inner edge of jet hits steps 1 and 2, hits step 5, about 60 hits step 6. 1:8 scale. The inner edge of jet hits steps 1 and 2. 
completely misses steps 3 and 4; about 2Z%of flow 1:8 scale, The inner edge of jet hits steps 1 and 2, completely misses steps 3, 4 and 5. 
hits step 5. completely misses steps 3, 4,and 5. 


GILBOA DAM MODEL Legend 
FLOW OVER EXPERIMENTAL SECTIONS Outer surface jet, 1:50 model 


1:50 scale The inner edge of jet hits-all steps. 
1:20 scale. The inner edge of jet hits steps 1 and 2, 
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Ft. Head 


The sections shown are a 1:20 scale model of Section 16. 
The difference in identical flows is presumbly due to arrangement 
and location of baffles built to eliminate surge. 
The crosses represent points of actual measurement of Tests A 
and B; the circles represent the measurements of Test C. 
For Tests A and B, the baffle was parallel with, and 5 ft. upstream 
from, crest of model. : 
For Test the baffle was located foot the falls, 
upstream from, and approximately normal to. crest of model. 
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the consistency the jet under similar conditions and the accuracy 
the measurements. 

Fig. shows the measurements taken 
jets over the 1:50, 1:20, and 1:8 models the 
section, with proportionate head 
the 1:20 and 1:50 models, the outer 
edge the jet shown was determined hold- 
ing straight-edge level such position that 
the outer part the outside face the jet just 
touched the straight edge. This point was then 
projected the board forming the end the 
model. The circles Fig. represent these 
points. the 1:8 model, the points were 
located similar manner, except that 
was found more practical locate the point 
eye than the use straight-edge. 
part the jet hit the tread each step 
all models. 

was found measurements the field that the outer edge the jet 
the 1:20 model about midway between the jets the 1:50 and 1:8 models. 
From this, interpolation, was assumed that the outer edge the jet may 
approximately located for the full-scale This assumption checked 
theoretically the fact that the force the water, which projects 
the spray, increases the cube the scale ratio. Other forces, however, may 
materially change the location this line. comparison Fig. with 
Fig. will show, that the introduction vanes the upper part the 
section, diminishing the velocity, has considerably reduced the dissimilarity 
due seale. Figs. 10, 11, and give further proof 
showing the effect proportionate head ft. over the crest the accepted 
section models all three scales, the photographs being enlarged show 
the models the same size. 

The water passes over the vanes the 1:50 model (Fig. 12) with per- 
ceptible break-up. The surface the jet smooth that the grain the 
wood the vanes can readily seen through it. There some break-up 
the jet with the 1:20 model (Fig. 10), and certain quantity spray 
cast out, the water falls over the blocks. With the 1:8 model (Fig. 11), 
large proportion the jet broken into spray. 

order test further for this dissimilarity, three flat-crested weirs, 
with free overfall, were built scales 1:8, 1:20, and 1:50, with pro- 
portionate length ft. Sections these weirs are shown Fig. 
and the outer and inner surfaces the jet, the center the weir, under 
heads and ft. measured with the rectometer, and plotted 
proportionate scale, are shown Fig. These three jets, although follow- 
ing the same general line are consistently dissimilar. will noted 
comparing the jets over the models different scales for any head, that 
there consistent divergence their traces. This due the propor- 
tionately different effects viscosity, skin friction, and surface tension, owing 
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the scale the model. will also seen that this divergence greatest 
for the 3-ft. head and least for the 6-ft. head, because the proportionately 
different effects viscosity, etc., are greater low heads. 


Theory Models—In the Century Dictionary, the word, model, 
defined as: 


miniature the parts, proportions, and other details copied complete 
production. 


mechanical imitation copy object generally miniature 
designed show its formation; hence, exact reproduction; fac- 


simile.” 

the following discussion, model will considered exact 
geometrical similarity its prototype, with all linear dimensions the same 
seale ratio. 

The late William Torrance, Am. Soc. E.,* takes design 
static structures from models, and points out, that model water tank 
1:30 was proportionately thirty times stronger than its proto- 
type. Fig. shows similar computations for water tower, beam, and 
gravity dam, the principle being the same all cases, namely, that the unit 
strength varies inversely with the scale ratio. dynamic models, the principal 
causes dissimilarity action are: force, velocity, viscosity, and atmos- 
pressure. 

Groat, Am. Soc. presents the following formula for 
extraneous force ratio: For the proportionality force ratio between the 
model and its prototype, when the tests are conducted the same place 
the earth’s surface, the ratio the densities the two substances equals 
the ratio the cube the linear dimensions. the same substance used 
for both model and prototype, the extraneous forces are proportional the 
cube the scale ratio. 

This may illustrated the following numerical example: Visualize 
4-ft., solid, wooden cube, weighing per cu. ft., and model 
the same material seale 1:2. The large block will weigh 3584 lb. 
and the small block, 448 the larger block falls ft., its velocity 
will 35.87 ft. per sec. and the time required will 1.12 sec. The force, 
velocity masst 
ratio, the smaller block will fall ft. and its velocity will 25.36 ft. 
‘per sec., the time 0.789 sec., and the force ft-lb. per sec. Thus, the 
ratio for the model and its prototype will 1:8, the cube the scale 
ratio. 

the smaller block made cast iron weighing 448 lb. per cu. ft., 
and the scale ratio remains the same, the weights will vary 1:8, the 
cube the scale ratio, and both cubes will weigh the same. the smaller 
block falls ft., its force will the same the larger block falling 


Models Engineering Engineering News, December 18th, 1913, 
Transactions, Am. Soc. Vol. LXXXII (1918), pp. 1181 and 1190. 
“Civil Engineers’ Pocket Book’’, John Trautwine, 1904, 337. 


115 820 ft-lb., per sec. Using the same linear scale 
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ft. Thus, materials different densities are used, obtain equal 


force, the scale ratio for the model and its prototype will the cube root 
the densities. 


Water Tank 


(1) Compute stress per sq. in, lower 
Inside dimensions end post where enters the ground 


Posts (2) Compute same data for model built 
Weight Water scale 1:10 


Total 

Results 

Weight varies the cube the scale ratio Weight per sq. in, Ib. 


the unit strength the model ten 
times that its prototype. 


1000 Ib. Simple Beam 
width beam =10 in, d=depth beam =10 in, 
stress per sq. in. 
Weight varies the cube the scale ratio For model 


Dam (Stability) 


Full Scale Model 


Weight dam 687 500 Ib. Weight dam 687.5 Ib. 
Therefore stability against overturning the same the 
model and prototype 
Dam (Pressure Base) 
Length 
125 Ib, per cu.ft. Area base 


195.8 Ib. for 1:10 model, thus the unit pressure 
inversly proportional the scale ratio 


14. 


Mr. gives theoretical discussion the proportionality the 
velocity model and its prototype. Briefly, follows: 


the Chezy formula for the flow channels rivers, let 
this equation stand for the flow the model, and let the 


equation for flow the full-size prototype. Then, will show 


the relation between the two flows. the model and its surfaces are both 


Am. Soc. E., Vol. LXXXII (1918), 1173. 
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geometrically similar the prototype, then =1. Squaring and 


should proportional the square roots the hydraulic radii, and, therefore, 
the square roots any homologous linear the square root 
the scale ratio. can shown that this will apply equally well weir. 
Thus, model weir channel geometrically and mechanically similar 
its prototype, the velocity will vary the square root the scale ratio. 
Generally speaking, will found difficult the construction practical 
weirs make the ratio the two coefficients roughness equal unity and, 


consequently, will not exactly equal unity. 


The velocity the wind will vary the same manner other velocities, 
that is, the square root the scale ratio. 5-mile breeze the model, 
scale 1:50, will equivalent 35-mile wind the full-scale 
prototype. 

Mr. Groat* states: “This shows that cases pure stream-line flow cannot 
reproduced models unless the sizes the models are properly determined 

8 
the ratio, the ratio the kinematical coefficients viscosity cor- 
responding the coefficients viscosity different fluids used the model 
and the prototype, and equals the gravity ratio. 


“As examples the uses Equation (19), when may shown: 
(a)that model air propeller mercury 20° cent. should one-twenty- 
fifth full size for the prototype air 15° cent.; (b) that the ratio 
model water-wheel tested mercury should about 0.22 for 
the prototype water 15° cent, 


different fluid from that for the prototype when both observations are made 
the same place.” 

Thus, overfall dam give the same results its prototype, should 
have its model tested with some liquid other than water. 

Under ordinary conditions testing, the atmospheric pressure the same 
for both the model and its prototype; thus, the prototype the atmosphere 
will support column water 33.9 ft. high. the atmospheric pressure 
remains practically constant, will support the same height water 
model regardless the scale. Thus, model scale 1:50, the 
atmosphere would apparently support column water 1695 ft. high. Unless 
some means are taken reduce this pressure, proportionately the scale 
the model, hydraulic flows which there partial vacuum,.or 
negative pressure, the action the model will differ from that its prototype. 

Application the Theory Models the Models the Gilboa 
Probably the principal cause for the dissimilarity below the crest models 


Transactions, Am. Soc. E., Vol. LXXXII (1918), pp. 1186 and 1187. 
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various scales, the variation force due the scale the model. 
has already been shown that this varies the cube the scale ratio. Thus, 
the force exerted any part the jet falling the 1:8 scale model 
15.6 times greater than the force exerted the homologous part 
the jet falling the 1:20 model, 244.1 times greater than the 
1:50 model. This force largely expended breaking the jet and 
causing the particles the jet projected farther. 

believed that this explains the difference the action over the vanes, 
shown Figs. 10, 11, and 12. study these photographs will show, 
that, the 1:50 model (Fig. 12), the surface the jet passing over the 
vane and first step nearly smooth. The impact slight, the water 
passes over the edge the vane and falls the tread the first step, that 
there scarcely any noticeable break-up. 

the 1:20 (Fig. 10), where the fall the water exerts force 
15.6 times greater than the 1:50 model, considerable break-up noticeable 
the water falls over the vanes and crest and impinges the first step. 

the 1:8 scale (Fig. 11), the force exerted the falling water 15.6 
times greater than the 1:20 model, and 244.1 times greater than the 
1:50 model. this case, there marked break-up the jet flows 
over the first step. place the smoothness noticeable the 1:50 
model, even the 1:20 model. 

Some idea the break-up which will oceur the prototype, 
may obtained first comparing the 1:50 and 1:8 models, which the 
force ratio 1:244.1, and then attempting visualize the full-scale model 
which the force will 512 times the 1:8, 125 000 times the 1:50, model. 
dissimilarity models below Step probably best shown Fig. 
this diagram, the outer edge the jet has been plotted for pro- 
portionate head ft. will noted that, generally speaking, the dif- 
ference force has had the effect placing the outer edge the jet 
little farther away from the weir the scale increases. The experiments 
seem show, however, that, this model, the center the jet remains 
approximately the same location for all heads and that the break-up simply 
increased the area the jet. this connection, will noted that the 
area jet flowing over Step larger the 1:8 than the 1:20 
(See Fig. 9.) 

must noted, however, that below Step this conjecture, 
the 1:8 model did not extend below that point. thought that the outer 
edge the jet the full-scale model will proportionately farther out, 
other words, may exterpolated from the location the jets 
the three models. This assumed noting that the general location 
the outer edge the jet the :20 model midway between the and 
1:50 models. 
further check theory that the dissimilarity models 
stepped dams caused partly force, exercised 
the falling water, due the scale the ‘model, reference ‘is made the 
the flow over Section 
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Between Steps and the location the outer edge the jet varies 
with the scale the model, its distance from the dam being greatest for 
the 1:8 seale. Probably the principal cause for this that the energy 
the jet, impinges Step greatest for the 1:8 model, thus causing 
the jet below that point projected farther than the other models. 
From measurements taken the field, flows over the flat-crested weirs, 
was possible determine with considerable accuracy the area the jet 
the down-stream edge the crest, and with this area and the computed 
quantity, the velocity was calculated. Table shows the computed velocities, 
comparison with the theoretically proportionate velocities. The theoretically 
proportionate velocities were determined assuming the velocity for one 
standard, and computing the other multiplying 
the square root the scale ratio. 


TABLE 


Computed velocity, 


Assumin Assuming 
Model. 1:8 mode 1:20 model 1:50 model 
actual standard. standard. standard. 


will noted, that the proportionate velocities shown Table 
not differ greatly from the velocity assumed correct, but they differ 
sufficiently change the curve the jet that will not check the curve 
measured the field. 

already stated, therefore, the writers conclude that flows over 

broad-crested weirs, although giving results that approximate closely those 

over the prototype, not show identical similarity, owing the fact 
that the coefficient flow over broad-crested weir not always proportional 
the ratio head and width crest, due largely the 
skin friction and viscosity. 

computation, can shown that changing the geometrical 
slight degree, that is, using corrected flows may obtained 
which are identically similar for all models. Thus, instead 6-ft. pro- 
portionate head, (0.75-ft. head (actual scale), the 1:8 model), head 
0.69 actual scale substituted, quantity obtained that corresponds 
with the quantity computed for the full-scale model. For the 1:20 scale, 

the head will 0.255 ft. instead 0.30 ft. (both actual scales), and for the 
the 1:50 scale; 0.10 ft. instead 0.12 ft. These results have never been 
checked the field, but are thought fairly accurate the retardation 
velocity, due broad crest, increases with the scale the model. 
Owing, largely, the effect skin friction and viscosity, the jets, over 
model flat-crested weirs, not exactly check each other.. A-description 
these weirs and the tests them has already been given. remains 
prove theoretically. why the same line when plotted 
proportionate scale (Fig 13). these jets followed the same line, the 
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velocities would proportion the square root the scale ratio, and the 
would equal unity. (See page 1518.) 


The following paragraph quoted from paper Richard Lyman, 
Assoc. Am. Soc. E., entitled, “Measurement the Flow of- Streams 
Approved Forms Weirs with New Formulas and Diagrams,”* which 
graph shown giving heads and corresponding discharges over broad- 
crested 

“Tt should noted that, for comparatively low heads, all these broad- 
crested weirs give practically the same result for the same head. partic- 
ular head point, however, for each width crest, the quantity discharge 
begins suddenly increase much faster, proportion the head, than 
has done before, and the line representing its discharge breaks away from 
and extends across the diagram [Plate XXIV] slanting direction the 
line, BB, which represents the discharge over weirs with sharp crests.” 


study this statement and the graph will lead one believe that the 
models broad-crested weirs, different scales, will not check. they 
were identically similar, the lines representing width crest would straight 
and not broken. the action model precisely similar its prototype, 
then, the formula for discharge over broad-crested weirs, 


which depends width should constant for the model and 
its prototype, regardless the scale the model, the model the 
width and head would the the prototype. tablet compiled 
Gardner Williams, Am. Soc. E., from the Cornell experiments 
flow water over weirs, will prove that this not true. example: 


With the head ft., and width crest 1.65 ft., the coefficient 0.925. 


Multiplying both head and width crest the coefficient 0.807. 

further check, the flow over weir ft. long, ft. wide the 
crest, with head ft., with end contractions, was computed, using the 
formula, 


for the models, the following formula was used, 


with the exception that for the 1:8 model correction was applied for broad 
crest. These computed flows were then compared with proportionate flows 
obtained the formula, 
The results these computations are shown Table 


Transactions, Am. Soc. E., Vol. LXXVII 1199, and Plate XXIV, 1205 
“Waterworks Handbook”, Messrs. Flinn, Weston, and Bogert, Table 196, 601. 
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TABLE 


with Comparison with with 


equal 
oes not 


unity, mechanical and geometrical cannot obtained simulta- 
neously, owing, all probability, the proportionately different effect skin 
friction and viscosity. determining the proper quantity for this. tabulation, 
seems use that quantity, the computed jet which plotted closest 
the actual jet measured the field. 

For each flow, the quantities were computed each the following 
formulas: Bazin, Fteley and Stearns, Francis, and Geological 
Using the velocity derivéd from these formulas, paths the jet were plotted 
applying the jet formula, 


1 2 


and compared with the curves that had been determined the field locating 
the inner edge the jet. The accepted quantity for each flow was that one 
the jet which was nearest the jet located the field. Similar computa- 
tion sheets were made for the 1:20 and 1:50 models. 

For comparison, the theoretical parabola, derived from the formula: 

was plotted. This line was considerably under the inner edge the jet 
measured, and, therefore, does not represent great velocity. 

The main causes, therefore, for the dissimilarity action over these 
models are: Difference force; difference coefficients flow over 
broad-crested weir, due skin friction and viscosity; and difference due 
atmospheric pressure, when parts the flow are not open free circulation 
air. 

Effect Dissimilarity Models Experiments with Flow 
the final experiments with the flow the channel, Section the dam, 
the 1:50 was used. experiments were made with models 
any other scale, nor have experiments been made using the accepted section 
the dam, Section 100. thought that the revised section will tend 
bring the water the floor the channel with lower velocity than Section 
However, the force exerted the falling sheet water will 125 000 
times greater than that model the scale 1:50. With the present 


limited knowledge, would inadvisable predict just what the action 
the channel will be. 


Encyclopedia Britannica, Vol. 14, 51. 
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GENERAL CoNCLUSIONS 


From observations, measurements made the field, careful study photo- 
graphs, and study the theory models, the writers conclude: 

the flow over large scale dam will similar certain degree, 
but not identical with the flow over its models. 

Mr. Groat has pointed out, may possible build 
diminutive structure, not necessarily model the true sense the word, 
which “must reproduce, even detail, the performances their prototypes”. 
but that, many cases, the practical difficulties encountered may make the 
construction and test these models impractical. For instance, order 
obtain proportionate test for the force the falling water the steps 
the Gilboa Dam, would necessary build model scale 1:2.38 
and test with mercury 60° Fahr. 

with full recognition the fact that there dissimilarity, the 
model, built large enough scale, still remains the most efficient method 
determining the most satisfactory section for overfall dam. 
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This Society not responsible for any statement made opinion expressed 
its publications, 


ENGINEERING GEOLOGY 
THE CATSKILL WATER SUPPLY 


This paper deals with the geological features involved the location, design, 
and construction the Catskill Water Supply System the City New 
York. 

The purpose discuss the intimate relation applied geology and cer- 
tain phases engineering work, present illustrations the method used 
the engineers solving, through the correct use geological information, 
some the problems involved, and show the relations these engineering 
problems the natural features and conditions the country which the 
work located. 


GENERAL CONDITIONS 


planning the construction water-works system comprising aque- 
duct more than 100 miles long, together with several dams and other struc- 
tures, the choice location, design structures, and details construction 
were greatly influenced the form, relief, and underground condition the 
country traversed. Seldom large public enterprise this kind, has 
much trouble been taken discover and work out the important relations 
topographic form and underground structure, and apply the results 


papers are issued before the date set for presentation and discussion. Cor- 
respondence invited from those who cannot present the meeting, and may sent 
mail the Secretary. Discussion this paper will closed with the December 
and when finally closed, the paper, with discussion full, will published 

ransactions, 


Prof. Geology, Columbia Univ., New York City. 
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these studies the problems location, design, construction, and operation 
the completed system. Indeed, was necessary success that all the con- 
ditions known detail. The selection proper dam sites, with foundations 
sound enough support the enormous weight the. dams and impervious 
enough prevent leakage, demanded careful investigation and study all 
the intricacies the physical condition and behavior the ground. The 
expedient conveying water tunnels driven deep bed-rock, under great 
hydrostatic pressure, was adopted only after sufficient information was avail- 
able give confidence the general stability local geological conditions. 

The importance these conditions controlling the location the 
aqueduct well illustrated the choice the crossing the Hudson River, 
the final selection which involved change the position the entire 
aqueduct line west the river. Fig. map the Catskill Water Supply 
System. The principal types construction included the project are 
follows: 

(a) Three high masonry dams; 

(b) Several miles earth dikes with core-walls; and 

(c) aqueduct, made the following parts: 


Cut-and-cover aqueduct 51.0 miles 
Grade tunnel (including Shandaken Tunnel)... 


the construction pressure and grade tunnels, sixty-seven working 
shafts, from 150 1100 ft. depth, were sunk. 


GEOLOGICAL INVESTIGATIONS 


The development the Catskill Water Supply System has been influenced 
geological factors greater extent than usual most engineering 
enterprises. This due part the great distance the water must car- 
ried reach New York City, the topographic and structural complexities and 
peculiarities the intervening country, and the general plan operation 
chosen for this particular system. the type design the 
Catskill Aqueduct and the peculiar relief the country, was evident early 
the work that many grade tunnels would required pierce the mountain 
ridges standing above hydraulic grade along any possible route. was also 
found that would more economical, and would result more successful 
and permanent public work, the valleys and river courses which lie much 
below hydraulic grade, were crossed pressure tunnels constructed the 

The earliest studies indicated certain places where thorough exploration 
would needed. One such place was the trough inner valley the 
Hudson River, which presented unusual problem the question 
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bed-rock. collect and state the broad facts relating this and many 
other situations, the services Professor Crosby, the Massachusetts 
Institute Technology, and Professor Kemp, Columbia University, 
were obtained Consulting Geologists. studies undertaken the 
geologists covered wide range, bearing the origin the rocks, the proc- 
esses which modified preserved them, the influence climatic changes, 
the effect former elevation and depression the earth’s crust, the inter- 
pretation surface features, and many other factors which tend modify, 
preserve, destroy the rocks. 

projects this kind important for the engineer submit the 
geologist certain rather definite questions relating the engineering require- 
ments. not practicable investigate wholly unrelated matters the 
early stages the work. the beginning, the geologist’s advice was sought 
directing the exploratory work supplement the data already secured 
the boring work developed. the course the investigations and studies 
for the engineering design and location the Catskill System, information 
was secured relating the suitability materials construction, comparison 
was made factors affecting the cost excavation, facts relating the water- 
bearing quality the rocks and soils penetrated, and the influence the 
rock the structures contemplated. One question studied was whether the 
tunnels far below the surface might damaged earthquake shock, are 
otherwise unstable, and whether there are special sources trouble weak- 
ness the rock, such acid-bearing waters with their own peculiar destruc- 
tive influence. The range information ultimately required covered such 
special features comprehensive regional study pre-glacial topography 
and drainage, and the distribution the glacial drift basis for indicating 
the location and probable depth the buried gorges pre-glacial streams, 
the contour the bed-rock surface, discussion the condition the 
several formations met, their behavior under excavation, underground 
water circulation, the occurrence zones weakness indicating the probable 
extent tunnel roof support required, the location folds, faults, and other 
rock features; with consideration their effects the construction opera- 
tions and permanence the work. 

General engineering questions involving geological facts 
and interpretation which arose connection with the Catskill Aqueduct 
project may grouped to: 

A.—Topographic 
B.—Over-burden, glacial drift; 
and character the rock; and 
matters. 


Under Item the following questions were studied: 


the available contour maps, where are the most promising 
sites for the particular structures under consideration, for example, the main 
dams for storage reservoirs 

2.—Do the surface features whether the relief controlled the 
glacial drift erosion bed-rock? 
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3.—Considering the larger topographic features, such the main valleys 
and their origin, there any likelihood finding deep buried gorges requiring 
extensive exploration 


Under Item the following questions arise: 


the thickness and distribution the over-burden, drift, 
the area 

2.—Is there unusually deep cover any particular place, pre-glacial 
gorge uncertain depth? 

3.—What the character the over-burden? residuary soil, stream 
deposit, glacial drift? impervious very porous? Will firm 
cave excavation? Are extensive exploratory borings test-pits required 


Under Item some the questions are: 


the probable rock-floor contour What the rock 
formation kind rock forming the floor, its quality, and structural char- 

2.—Is there danger weathering, disintegrating, swelling the rock 
tunnel excavation open cuts? there likely considerable depth 
decayed weathered rock top the ledge proper? 

3.—Is the rock massive bedded? sedimentary, what the structural 
attitude? faulted and folded? the rock formation particular 
location depth questionable, there possibility finding more satis- 


factory conditions either shift line new location, change 
depth 


Under Item the following questions may arise: 


should the exploratory work located and the borings placed, 
and what depth? 

the proposed project feasible from geological standpoint, are 
the natural difficulties insurmountable? 

3.—Are there any special precautions taken certain points during 
construction? What special points must covered the contracts? 

the locality capable producing suitable stone for use con- 

5.—Is there any likelihood the disturbance local conditions the 
work construction, such, for example, change water level, interference 
with water supply, weakening foundations? Are the geological 
conditions such expect claims for either temporary permanent damages 
due construction 


The most economical method exploration far can be.stated 
general terms base first thorough geological study, check and 
interpret all data gathered, and modify, necessary, any additional explor- 
atory work accordance with the results already secured. working 
hypothesis essential. The engineers found helpful obtain the advice 
geologist the interpretation the exploratory borings were 
made, that the next hole could located the spot most likely to. give 
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further results the light the existing knowledge. this method, much 
time was saved and the borings were made give useful information. The 
methods securing underground data included, addition surveys and 
mapping, the use (1) test-pits, shafts, and trenches; (2) tunneling; (3) 
borings various kinds; (4) pumping and pressure tests drill holes; (5) 
laboratory tests, and microscopic examination; and (6) chemical 


GEOLOGY THE REGION TRAVERSED THE CATSKILL AQUEDUCT 


The relief features and geologic structure the country traversed the 
Catskill Aqueduct more complex than generally the case such limited 
area. This region has been affected mountain foldings and 
dynamic disturbances least three times. The area extends from the undis- 
turbed interior plateau type country (as represented the Catskill Moun- 
tains), across the entire belt Appalachian folds (as represented the Middle 
Hudson Valley New York), and the still earlier deformation belt 
(as represented the older sedimentary rocks, especially the Hudson River 
slates north the Highlands), the mountainous belt very ancient geological 
formations (as represented the Highlands with the Piedmont belt 
talline rocks), the Coastal Plain, including the newer formations along the 
present seashore. complex region long and involved history. 
Fig. shows the geologic column, representing the succession and variety 
rocks encountered the Catskill Water Supply development. Plate XXI 
shows block diagram the physiographic features, together with the under- 
ground geologic structure the Lower Hudson region and the course the 
Catskill Aqueduct. 

Beginning with the areas the water-sheds, the chief types 
country are follows: 

The Catskill Plateau, characterized elevated upland little disturbed, 
rather flat-lying sediments, dipping gently westward, made mostly fine- 
grained sandstones and still finer shales. 

South the Catskill area the Appalachian Province forming belt 
running northeast-southwest, paralleling the eastern edge the Continent. 
This belt has shared the folding and other movements which have been 
responsible for the structural complexity the strata and have controlled the 
relief habit the present surface. part this belt, now somewhat lower 
and apparently less ridged than the remainder, forms what known the Great 
Valley. The compressive mountain-building forces which produced the 
Appalachian Belt, acted general northwesterly direction and produced folds 
remarkable continuity, accompanied series great faults running 
parallel with the main ridges and valleys, generally northeast and southwest. 
The whole province crossed the Catskill Aqueduct. 

Still farther south the country changes again, and one finds there the 
ancient Archean land mass, represented to-day the gneisses and granites 
the Highlands. belt, all the rocks are crystalline, They belong 
extremely old series, possibly the oldest known the eastern part the United 
States. Doubtless, originally many them were sediments similar those 
the districts farther north, already described but, subsequently, they 
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BERKEY AND SANBORN 
ENGINEERING BLOCK DIAGRAM 
CATSKILL WATER SUPPLY. SHOWING THE PHYSIOGRAPHIC FEATURES 
TOGETHER WITH THE UNDERGROUND 


GEOLOGIC STRUCTURE THE 
LOWER HUDSON REGION 
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GEOLOGIC 
COLUMN 


NAME FORMATION 


Oneonta Sandstones and Shales 
Ashokan Flags 


Hamilton Flags 


Marcellus Shale 


Onondaga Limestone 
Esopus Shale 
Helderberg Limestones 


Binnewater 
High Falls Shal 


Shawangunk Grit 
Unconformity 


Hudson River Shales, 
slates and graywackes 


Wappinger Limestone 


Pouquag Quartzite 
Unconformity 


Manhattan Schist 
Inwood Limestone 
Fordham Gneiss 
Yonkers Gneiss 
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Catskill Conglomerate 


AGE LOCALITY 


HICKNESS 
FEET 


Catskill 
Mountains 
Rondout 
Valley 
Silurian 
Shawangunk 
Mountains 
Hudson 
Ordovician and 
Wallkill 
Valleys 
Cambro-ordovician Hudson 
Valley 
Pre Cambrian 
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and Hudson, 
Metamorphic Westchester 
New York 


1535 


= 
| 
3 
4 
SS 
a 
; hie 
ay 
/. 
Bie 
+I. 
i 
bi 
i 


1536 ENGINEERING GEOLOGY, CATSKILL WATER SUPPLY [Papers. 


were affected metamorphism and invaded igneous intrusions many 
kinds, especially granites, and thus became not only much modified from 
their original condition, but also much disturbed and distorted. their pres- 
ent condition, they form the most complex belt with which this work has 
had 

Although the Highlands proper narrow belt not more than miles 
wide, the same kinds rocks large degree extend continuously the east 
side the Hudson River New York City. For miles, the aqueduct 
has been located through and over these complex rocks. The southerly part 
this unit has more moderate relief than the Highlands proper, and its surface 
gradually becomes lower and lower, passing beneath sea level the vicinity 
Long Island New York Bay, only the Highlands Belt being 
mountainous. 

The last the distinctly different districts follows the immediate border 
the Atlantic between Long Island Sound and the sea, including also part 
Staten Island. the northerly extension the great coastal belt which, 
farther southward, becomes much wider and much more prominent physical 
unit. This belt characterized simple sedimentary strata clay, sand, and 
gravel which lie almost flat, but really dip gently toward and beneath the sea. 
They are the simplest the formations with which this work has been con- 
cerned, but are prime importance, especially connection with the water 
sources Long Island. These great provinces differ strikingly physical 


structure, and age. Each complex, structurally group 


physical units formations distinguishable among themselves, and each pre- 
sents its own peculiarities behavior and geological significance. 

Geologic oldest all the rocks are certain parts the 
tallines the Highlands. These rocks are doubtless old sediments formed the 
sea and running water. They were great series which was folded into moun- 
tain ranges ancient times. Subsequently, they were invaded immense 
floods igneous material, which literally swallowed large parts the solid 
foundations that time and formed huge igneous masses now appearing 
granites and other massive rocks. Rocks intermediate composition were 
formed, doubtless mixture the two original types—the sediments and 
the invading igneous material. This well shown the profile, 
Plate from the Catskill Mountains New York City along the aque- 
duct line. 

These changes took place great depth. The superficial formations 
that time have been carried away erosion. Only the roots this ancient 
mountain range are now exposed, and they are the crystalline rocks the 
Highlands. How much erosion took place one can say, but after ages 
erosion, long indeed that the rivers that time and the sea had cut away 
all the superficial material and had exposed the already cooled and 
crystallized igneous masses, the sediments that now form the other rocks 
began accumulate. The land area lay along the Atlantic border and 
extended undetermined distance into the present Atlantic Ocean. The sea 
lay the west and were deposited the sediments carried down from this 
land area, first the sandstone, limestone, shale the present Hudson Val- 
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ley, and after several thousand feet these sediments had accumulated new 
mountain folding and another period erosion took place. 

deposition began again, formed the great series sediments 
that now lie above the Hudson River shale series. The Shawangunk conglom- 
erate was the first, and were accumulated, one after another, the shales, 
limestones, and sandstones that now constitute the rocks the Rondout 
Valley and the Catskill Mountains. Then came the Appalachian mountain- 
making period, the last great folding movement affect this region. Since 
that time, conditions have been completely reversed. The region the west 
became continental area and the re-adjusted drainage from this new con- 
tinental area carried the sediments subsequent time toward the east into 
the Atlantic. long period erosion followed, and, with the shifting 
levels, the Atlantic gradually encroached from the east, covering part 
the old land area that originally furnished most the earlier sediments. 

this long period erosion and unchanged sea level, there was oppor- 
tunity for the streams the new Continent wear the whole region down 
almost plain. The development this “almost-plain” took place the 
Cretaceous period, and, therefore, referred the “Cretaceous peneplain.” 
During part this time and, subsequently, sediments have been accumulating 
the Atlantic Coast. These are simple beds that are not much distorted. 
The Cretaceous peneplain still persists somewhat fragmentary form, 
because much subsequent erosion. From high elevation can plainly 
seen distant landscape, as, for example, the level sky-line the Hudson 
Highlands, the Shawangunks, and parts the Catskills, and more definitely 
the remarkably uniform seaward slope the crystalline rocks south 
the Highlands passing under Long Island out beneath the sea. Its existence 
shown the boring profiles across Long Island depths 1000 ft. and 
more below sea level, where the soft Cretaceous beds the Coastal Plain lie 
the old erosion floor that time. 

the Continent from 1000 2000 ft., during the 
Tertiary period, gave the steeper slope toward the sea, with greatly 
increased velocity and cutting power, that the old Cretaceous surface was 
deeply dissected the streams cutting new valleys along the more easily 
eroded rocks. the course time, new base level erosion was reached 
places where the rocks were comparatively soft, such limestones and 
slates. This new peneplain, however, was never finished. The region was 
elevated again before the erosion was completed, and new trenches began 
cut the streams. Traces this Tertiary peneplain are readily seen, 
however, the rather even stretches ground, 300 500 ft. above sea 
level, the broad valleys the Hudson and its The importance 
the questions previously discussed relates closely the problems the loca- 
tion the Catskill Aqueduct, the depths old buried stream valleys 
and their effect the location tunnels. The Tertiary peneplain was 
feature great significance determining the course and hydraulic grade 
the aqueduct. The 15-mile section aqueduct from the 
Wallkill the Hudson River made possible its present grade the 
existence this old peneplain. The subsequent continental elevation that 


; 
4 
4 
4 
‘ 
Jo 
4 
f 
4 


1538 ENGINEERING GEOLOGY, CATSKILL WATER SUPPLY 


ended the development the Tertiary peneplain and caused the renewal 
trenching, finally started the Glacial epoch, and entirely new set conditions 
were thus established, which led changes far-reaching importance. This 
elevation probably ultimately amounting several thousand feet, first simply 
increased the cutting power the streams and resulted renewed trenching 
the valleys, with the development rather narrow deep gorges, extending 
far below the general Tertiary base level. These gorges still remain beneath 
the glacial drift cover, some them extending several hundred feet below 
sea level. 

The Glacial ice invasion that followed, covered the entire 
region, including the Catskills and the Highlands, the ice occupying even thie 
highest summits and spreading southward Long Island. There, the ice 
melted, forming the Terminal Moraine the length the 
Island and crosses the Narrows Staten Island, thus marking the southern 
limit the great continental ice sheet. the height its activity, 
moved southward, the planing action the smoothed the tops 
hills and ridges, ploughed deeper some the softer material the valleys, 
and scraped against all exposed northerly slopes. the same time, 
particularly the ice finally thawed, the deeper canyons and valleys were 
buried with glacial drift, thus modifying greatly the surface contour the 
country and tending these processes erosion and deposition, smooth 
the more rugged earlier topography. One the results this action 
the buried channels and drift-filled gorges. The present streams scarcely 
anywhere flow their original channels, nor even the old valley bottoms. 
this account was necessary repeatedly determine, boring, the 
location and the depth these old pre-glacial channels. 

The damming valleys glacial ice and drift created lakes and gave 
opportunity for the development silt deposits them. Subsequent partial 
complete removal such barriers and final drainage these temporary 
reservoirs are factors important bearing this region. The Ashokan 
Reservoir occupies, part, one these glacial lake basins. The material 
left behind the ice sheet mixture mineral and rock matter derived 
from the removal, transportation, and deposition former residuary soils 
and partly disintegrated rock gathered the glacier moved slowly over 
the surface the Some mixture pebbles, boulders, 
sand, and clay, which was not assorted the action water. This the 
so-called “glacial till”, also known “hardpan”, when consolidated. Other 
parts the drift were worked over the water from the thawing ice and 
thus were more less assorted that the materials became separated 
deposits sand, gravel, and silt clay. These deposits constitute the 
“modified drift” deposits, which, unlike the till, loose and 
unconsolidated. 

would comparatively.simple matter classify these glacial materials 
and judge their behavior they were distinct, continuous, and uniform 
from top bottom the average rock stratum. they are much 
more likely variable every respect and the different types these 
materials grade one into another most confusing manner.. They exhibit 
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important differences their capacity for holding water. Thus, the character 
the drift important factor the choice location for dams 
and dikes. fact, they were controlling factors the location the 
Ashokan Dam. 

Ancient study the possible crossings the aqueduct 
under the Hudson and its tributary streams, the old courses the pre-glacial 
channels and particularly their depths, were vital factors the design and 
location the pressure tunnels. 

this district there only one main drainage channel, the Hudson River, 
which all the other streams are tributary. These tributaries have attained 
their present courses the general northeast-southwest strike the rock 
formations, the different members which are strongly contrasted their 
resistance erosion. thus happens that whereas all the tributaries the 
east side the Hudson are direct, those the west side are retrograde, 
that is, flow somewhat opposite the direction flow the master stream 
and join obtuse angle. The Wallkill River remarkable example 
this. rises within miles New York Bay, and flows northeasterly, 
following the formational direction for miles, getting farther and farther 
away and finally reaching the Hudson nearly miles from the sea. 
account the glacial drift cover, many these stream valleys are heavily 
filled and the present stream courses diverge greatly from these former lines. 
Still, the old courses were greatest importance the problems the 
aqueduct. Thus, happens that working knowledge the origin and 
habit the pre-glacial drainage has been greater practical service than 
the simple statement its features would lead one expect. 


The selection the Catskill Mountains source the new water supply 
New York City was made because this area was found the one 
which, reason its large, sparsely inhabited, and well-wooded mountain 
slopes, certain yield adequate quantity water exceptional softness 
and purity. The site chosen for the main storage reservoir, 100 miles from 
New York City, the southern edge the Catskill area, 
such elevation that the water from can flow gravity through the 
aqueduct and distribution systems, thus eliminating the cost pumping. 
Because the steep mountain slopes, the water runs rapidly down the rocky 
stream beds, encountering its way almost swampy ground stagnant 
ponds. Even almost all the water that sinks into the soil and enters bed- 
rock returns clear and pure the regular drainage courses the lower levels 
the immediate district, because the beds lie nearly flat and have many 
interbedded tight shale members obstruct the downward course the water. 

The gathering ground the Catskills lies entirely region sand- 
stones and shales, without much admixture limy fossil remains and 
limestone beds. Such rocks are very resistant solution and, for this reason, 
the water which flows over and percolates through them, dissolves little 
mineral salts that water unusually soft and pure supplied. 
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The sedimentary beds consist alternate layers hard sandstone and 
soft shale, with wide variations quality and thickness individual 
beds. many places, the sandstone the quality known bluestone, 
and has been extensively quarried. Generally, the strata dip the west 
small angle, and there marked deformation. broader view, the 
region may regarded deeply dissected plateau which the rocks 
different hardness, lying beds dipping gently westward, give form the 
back slope the uplands, whereas the edge the Catskills toward the 
Hudson Valley, presents pronounced eastward-facing scarp, rising abruptly 
several hundred feet above the valley floor. Erosion has been carried far 
that the most elevated remnants have mountainous aspect. Below these 
high peaks, the country more open and uniform, being part old 
base level, peneplain, judged the Cretaceous peneplain referred 
previously. Deep canyons and high cliffs are common, with piles broken 
rock their bases. Glaciation has modified the original rugged features, 
especially the minor details some extent, and glacial deposits have changed 
the drainage many the valleys, that the present streams not 
follow the courses the old pre-glacial channels. 

The dark sandstones, locally known bluestone, with the associated shales, 
are simple sedimentary formations great lateral extent and_ thickness. 
They were laid delta deposits, the sedimentary material varying from 
coarse sand and even small pebbles the finest silt, The shifting depositing 
currents and changes the supply materials resulted complex struc- 
tural relation the beds with frequent variations the grade the rock. 

This variability the quality the rock within short distances 
striking feature this formation, and was important the selection 
quarries for construction materials. The variation the grade the rock 
also has important bearing questions value, was illustrated 
several large claims for damages where lands were condemned and taken 
the City for the Ashokan The bluestone, shown Fig. rather 
fine-grained, dense, and impervious sandstone, very resistant weathering. 
Blocks the bluestone were used the Cyclopean masonry the Olive 
Bridge Dam, and the Gilboa Dam and Spillway will faced with this 
material, which durable the best granite. Bluestone commonly 
used New York City for curbs and sidewalk flags. 


Tue AsHOKAN 


The main storage reservoir the Catskill System has available capacity 
gal. The principal structures which form this reservoir 
are the Olive Bridge Dam, built masonry, across Esopus Creek, the earth 
dikes which close the gaps between the hills forming the sides the reservoir, 
the dividing dike and weir, which separates the reservoir into two basins, 
and the waste weir. 

The west basin the Ashokan Reservoir the Catskills, shown 
Fig. The level top the old plateau, deeply dissected well 
the stratified rocks dip the west (left) low angle. The flow- 
line elevation the reservoir 600 ft. above tide and the maximum elevations 
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the mountains this view are about 3500 ft. Slide Mountain 4200 
ft. elevation. 

Its setting follows: The continental ice sheet, following the 
trend the Appalachian Valley, moved southwesterly direction, shown 
glacial scratches. Local glaciers originating the Catskills may have 
moved down through some the main valleys such the Esopus, but their 
effects are not very pronounced, and the general ice movement was transverse 
this part the valley. The character the glacial deposits shows that 
the ice must have stood the vicinity Olive Bridge for long time 
the closing stages, forming extensive dam, while the melting ice produced 
glacial lake the valley stream from this dam, where silt and mud 
were deposited the form stratified sand and clay. 

Heavy till deposits still form effective dam Olive Bridge, but the 
waters the lake escaped along the western edge the valley and cut 
through the drift, finally reaching bed-rock and cutting new gorge it. 
the same time, the stream farther the valley carried off great quantities 
the soft and easily removed lake deposits originally laid down the 
glacial lake, thereby further emphasizing the basin-like form the reservoir 
site. 

Geologic Conditions Affecting influence geologic factors 
the selection dam sites always considerable. dam project seldom 
too thoroughly studied site too carefully explored. Frequently, 
taken for granted that conditions are acceptable, which subsequent development 
prove dangerous. explorations, also, may made, which 
intelligent judgment would show were unnecessary. 

Studies the dam sites the Catskill Project included investigation 
the following subjects: 


the geology the region certain that important 
geologic influences were overlooked. 

2.—Detailed topography over the site and adjacent areas. 

3.—Bed-rock contour. 
4.—Character material overlying the rock floor, particularly regard 

porosity and behavior under construction disturbance. 

5.—Character bed-rock. Kind and quality rock. Condition the 
rock with respect solution decay disintegration. Structural 
features, such joints, bedding planes, faults, crush zones. 
Porosity the rock and nature the water circulation, whether 
through the body the rock only along the bedding planes 

joints, 

6.—Exploration underground conditions borings other means, with 
directions their location and order. Interpretation boring 
data with tests the ground through the borings themselves. 

7.—Related questions. sources material for construction, and 
comparison quality and cost, with other available materials. 
Need treatment foundation grouting otherwise. Prob- 
ability. earth movements such magnitude injure the 
structures. claims for damages. 
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the selection site for the Ashokan Reservoir several locations were 
investigated. The number practicable sites was finally reduced two, 
the “Olive Bridge” and the “Tongore” sites. 

The Olive Bridge Site—The nature the drift the trenches, shafts, 
and surface exposures the vicinity indicated that the drift the Olive 
Bridge site had been, one stage the glacial history the locality, 
natural dam and that water had been successfully held above elevation 
530 ft., and perhaps more. The lowest materials contact with the bed- 
rock are heavy stony till, laminated till, and stony laminated clays, all good 
impervious material making tight contact with the rock, and although 
deep pre-glacial gorge lies underneath, one side the valley, filled 
with this tight drift and there question whatever about its water- 
tightness, 

Sands and laminated clays are extensively developed immediately 
stream from the site. These looser materials grade into the heavy till material 
the site proper and approach close that occasional pervious streaks 
extend well into the westerly edge the site. They not any point 
extend continuously through this ground, however, and, consequently, the 
present barrier, stands, practically impervious. account 
the poorer quality the drift stream, the dam site was located far 
down stream engineering considerations permitted. 

The Tongore Alternative the Tongore site, the bed-rock floor 
the buried gorge least 100 ft. deeper than Olive Bridge. the 
deeper parts, below the 400-ft. elevation, the deposits indicated the 
wash borings, are interpreted fairly continuous succession stony drift, 
stratified sands and gravels, and laminated sands and clays belonging 
two three different early stages accumulation. this material, the 
heavy upper till was laid down. These overlying deposits are, whole, 
essentially impervious, but the lower 150 ft. will allow ready movement 
water, especially laterally. This seems indicated also the rather 
persistent occurrence springs and soft wet places along the creek bank 
about this level, both above and below the site. 

Because the higher bed-rock the Olive Bridge site, the more uniform 
and impervious quality drift deposits, the more massive cross-section the 
barrier drift the north side the site, and the glacial geology connected 
with the development these features, that site was considered the preferable 
location for the dam Esopus After the site was selected, the rock 
beneath the proposed dam was explored detail numerous core borings, 
and the holes were tested for the purpose locating the position and permea- 
bility. seams the rock. The bearing power and permanence the blue- 
stones and shales beneath the heavy masonry structure and the possibility 
creep the softer shale members were also investigated. 


DEVELOPMENT 


complete the Catskill Water Supply System, the Schoharie water-shed 
being developed the construction the Gilboa Dam which will form 
the Schoharie Reservoir. From this reservoir, the water diverted 
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through the Shandaken Tunnel, now under construction, and will flow down 
the channel Esopus into the Ashokan Reservoir. Schoharie Creek 
lies the north side the divide from Esopus Creek, the higher region 
the Catskill Mountains. The Esopus flows out the Catskills through 
the southerly gateway toward Kingston, Y., and the Hudson River, and the 
Schoharie flows north the Mohawk River, near Amsterdam, 
The water-shed, 314 sq. miles area, similar character that the 
Esopus, chiefly steep mountain slopes covered with forest growth. The 
underlying rock consists sandstones and shales through which the 18-mile 
Shandaken Tunnel driven. 

Several sites were investigated for the location dam Schoharie 
Creek, The controlling geological features the selection such site 
were the relation deeply buried inner gorge cut down into bed-rock 
the interglacial stream and the quality and structure the glacial drift 
deposits above the rock. 

The Devasego Falls Alternative all the sites examined, that 
Devasego Falls first appeared the most promising from the standpoint 
economy, account the favorable topography. this location, 
ridge glacial drift extends into the main valley from the west and seems 
have formed part dam across Schoharie Creek late glacial time, caus- 
ing lake form the up-stream side the south. The modern stream has 
trenched through this drift ridge, but this point lodged far the 
east side the valley, where soon cut into the rock the valley side and 
still cutting this narrow post-glacial gorge with its inevitable water 
fall. This known Devasego Falls. 

the stream cut deeper and deeper through the drift obstruction, 
drained the lake and has since carried out most the loose fine sediment 
which formerly partly filled the basin. This easy erosion, together with the 
usual tendency meander where the stream was free, has widened the valley 
above Devasego considerably, whereas the stream the proposed dam site 
had become lodged rock cut one side and the valley bottom was left 
still heavily obstructed with drift. was proposed first take advantage 
this natural barrier glacial drift, which crosses and closes the 
valley, and form reservoir building short dam close the gap made 
the modern stream. the depth water the reservoir thus formed 
would have been nearly 100 ft., the main question was determine the 
degree porosity the material the rather narrow drift ridge which 
would have retain the water. The ridge essentially “kame 
formed the edge the ice during melting stage. The material is, 
part, transported and assorted and must have been laid down water flowing 
from the mass melting ice, and, residual till probably frozen 
originally blocks ice, left thaw their present position. The whole 
capped impervious clay, remnant the later lake deposit. Formerly, 
the clay was undoubtedly much more extensive, constituting the topmost 
beds formed the standing waters, but the stream has nearly 
away, except top this protected ridge. 
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was anticipated that the mixed materials deposited both water and 
ice would part porous and part impervious. This condition was 
found examination the dry samples taken frequent intervals the 
borings. Furthermore, the sandy, porous material and the dense, impervious 
parts the ridge were found lie regular relation each other. 
first, was hoped that these materials different qualities might 
interlocked and limited lateral extent that strata porous material 
would extend continuously through the ridge. was observed, however, 
during the drilling operations that the behavior the ground-water was 
unusual. The water-table was very low and did not maintain even the 
general elevation Schoharie Creek the up-stream side the ridge. 
There was also tendency lose water below the water-table freely 
above it. the imperviousness the ground was vital factor, was 
decided investigate further the porosity the material and the under- 
ground circulation pumping tests. For this purpose, the casings were 
left many the holes. Water was pumped into one hole continuously for 
period and the rise the water was noted the other holes. Prior 
testing, the casings were all lifted from the rock floor the first pervious 
layer, indicated the original records each hole, and the casing 
was raised the space was plugged with clay. This prevented water from 
escaping down and into the rock which was badly fissured. Water was 
then pumped into centrally located hole, and the position the water- 
table the other holes was ascertained soundings. 

The geological sections previously developed the borings had indicated 
certain pervious zones, and the results from the pumping tests confirmed 
the existence these zones and, addition, made possible trace them 
more less successfully either their limits or, least, establish their 
continuity. general, broad and extensive pervious zone, 1000 ft. wide, 
1200 ft. long, and ft. thick, the top which about Elevation 1100, 
was found extend northwesterly direction, reaching through the ridge 
the under strata the Beaverkill. result this investigation, and 
for the additional reason that investigations the alternative site Gilboa 
have shown decidedly better conditions there, the Devasego site was definitely 
abandoned. 

The Gilboa Dam.—After investigating several favorable locations 
Schoharie Creek, was decided locate the dam Gilboa, Y., and 
create storage reservoir the valley that stream. line borings 
across the valley showed that bed-rock the east side the river thinly 
covered with glacial drift and slopes gently the west, and that the west 
side the valley filled with compact glacial till which fills the pre-glacial 
bed-rock gorge with impervious material. Although here, also, there 
much deeper old rock gorge beneath the drift the west side the valley, 
the natural obstruction now filling it, represented the clay and till, 
effective barrier that advantage can taken constructing the dam. 

Gilboa (Fig. 5), just Olive Bridge Esopus Creek, the present 
stream flows new rock channel the side the valley, made since the 
ice the glacial period withdrew, and the old channel buried under 
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great load compact material. This the ideal location for dam 
glaciated regions, but seldom that better conditions, even this kind, 
are found than those presented Gilboa. meet the conditions, the dam 
Gilboa will consist masonry section Cyclopean concrete founded 
the present stream and the east end, and will join the till barrier 
the west bank means substantial earth dam with core-wall deeply 
seated the compact earth. the form the valley deep and narrow 
trench, the masonry section the dam will constructed over-fall 
spillway. The down-stream face will made large steps faced with 
natural stone. The face the Ashokan Dam formed concrete blocks. 
The durable bluestone bed-rock the gently sloping east bank will stripped 
form the over-flow channel, and the water will thus flow down the dip 
slope the beds, parallel with the face the dam, discharging into the gorge. 

the several quarries investigated, there are beds, ft. thick, suitable 
for supplying blocks for the facing the dam. general way, all 
them are more quartzose than the average bluestone and some, therefore, 
are more nearly related quartzites than the simpler bluestones such 
were used for the blocks the Cyclopean masonry the Olive Bridge Dam. 
There are constituents that readily decay develop stain are likely 
exhibit weakness. The mineral composition stable the constituents 
the best types rocks. 

The rock has roughly granular structure and undoubtedly was very 
granular accumulation when was deposited. examination, how- 
ever, discloses that many the original grains are fragments rock rather 
than fragments simple minerals, and therefore are complex their own 
structural make-up and mineralogy, each fragment containing quartz, sericite, 
and sometimes chlorite. This fact makes the rock look more complex than the 
usual sandstone, but all the fragments are durable, firm materials and 
detrimental quality introduced the fact their complex structure. 
would difficult find better rock for exposed structures than the bluestones 
the Catskills. granite resists weathering better, and some varie- 
ties granite, because their different structure, are not durable. 


LooaTION THE CATSKILL AQUEDUCT 


the early investigations water supply for New York City, sources 
east the Hudson River, well the ground-waters Long Island, were 
considered. these studies were extended, became evident that the streams 
the Catskill Mountains were the best available sources. storage reservoir 
site great promise was shown exist Ashokan, and rather early the 
studies became evident that the aqueduct must start from the Ashokan 
Basin. The problem was one conveying large quantity water from 
the Esopus water-shed New York City. was also necessary develop 
considerable storage basin near the city, the line the aqueduct, and, 
for this, the Kensico Reservoir site was selected. 

The region traversed the aqueduct may, for convenience, divided into 
the following districts: 
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(1) The elevated easterly margin the Catskill Plateau, extending from 
the Ashokan Reservoir the Rondout Valley; 

(2) part the Great Appalachian Valley, extending from the Rondout- 
Esopus border the Catskill Mountains the Highlands the Hudson; 

(3) The mountainous Hudson Highlands; 

(4) The Piedmont region Westchester County, south the Highlands, 
extending Long Island Sound; and 

(5) Part the Coastal Plain, represented Long Island. 


Each these types country presented problems peculiar its own 
structure and history, that great variety factors involved. The type 
structure selected and economy required that much the aqueduct 
possible should constructed the hydraulic grade, but where the country 
rises above the grade, was clear that such heights must 
penetrated tunnels grade, whereas valleys depressions could 
pressure tunnels considerable depth sound rock. 

Geologic Features Affecting Location.—The factors entering into 
the loeation the aqueduct take into account such large features the 
structural basis and origin the topography with its variety relief forms, 
modifications drainage, and changes topography due glaciation, the 
general structural trend the formations, with their attendant folds, faults, 
joints, cleavage, and the general physical condition the rocks the region. 
All these geological factors contribute understanding the present 
and former topography and the general rock condition and behavior the 
ground. They affect, therefore, the general problem location. For example, 
the Tertiary peneplain its gradual descent from the inland country toward 
the sea practically fixes the hydraulic grade across the broad tracts bordering 
the Hudson River. like manner, the trend formational structure 
direct control the courses the valleys and ridges, and thus, also, 
governs the choice possible courses the aqueduct might follow. 

The first aqueduct route investigated began the east end 
Ashokan Reservoir near West Hurley, Shortly after this line was sur- 
veyed, detailed studies showed that change the outtake the reservoir 
from the location studied near West Hurley the east end point near the 
Olive Bridge Dam had certain advantages the operation the aqueduct. 
addition, the shifting the line farther west made available certain 
topographic features favorable its location. Investigations borings 
the Hudson River near New Hamburg, Y., early established the fact that 
the rock gorge there very deep. Furthermore, the New Hamburg route, 
the Hudson Valley from the vicinity Marlboro, Y., 
the Highlands near Fishkill Village, would have required pressure tunnel 
about miles long,. penetrating the limestone beneath the river. The 
uncertainties behavior the limestone under such conditions early 
led suspicion ‘all lines along which these dubious formations were 
prominent. addition, several faults would have crossed such 
tunnel, and was believed that some them might prove troublesome 
either construction maintenance. Consequently, attention was called 
the possible advantages crossing the stream between Storm King and 
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Anthony’s Nose where the old rocks the Highlands assured 
much firmer medium for tunnel and the avoidance most the uncer- 
tainties and known difficulties the New Hamburg route. 

Choice the Storm King work exploration was finally 
concentrated Storm King the northern margin the Highlands, where 
the river was narrow, the rock sound, and the conditions generally favorable 
for deep shafts. Preliminary the adoption this location, four lines 
were investigated, namely, the Storm King, the Little Stony Point, the West 
Point, and the Anthony’s Nose line. 

The objection the Anthony’s Nose line was that large part the route 
through the Highlands would tunnel, with several deep shafts, places 
far back the hills difficult reach, with long pressure tunnel beneath 
the river itself. the West Point line, although the river only 2100 ft. 
wide, the distance between hydraulic grade points 1.6 miles. Furthermore, 
wide crush zone and belt ancient limestones are believed lie beneath the 
river, which was judged less favorable for tunneling than more substan- 
tial rock. The Little Stony Point line had the disadvantage requiring some 
cut-and-cover the west side the river, glacial drift, along exceedingly 
steep mountain side, where land slides soft material might endanger the 
stability the aqueduct. the route finally chosen Storm King, the 
river 2900 ft. wide, with excellent rock both shores. Favorable and 
accessible shaft sites near the edge the river were important advantage 
this location, and the “cut-and-cover” country the east side the 
river through Breakneck Valley made for additional economy. ‘The deter- 
mination the depth bed-rock under the river was critical problem 
any route, that depth would control the depth the pressure tunnel. 
thus became practical concentrate work definite point that this 
investigation could made. Boring operations for this purpose, the gorge 
the Hudson, were carried for about two years. This location 
subsequently more detail. 

After the Hudson River crossing was once established, the route the 
south became fairly well fixed, the first objective being Kensico Reservoir 
and the second one, Hill View. The controlling features were the topography 
the region and the economy the project: sufficiently objectionable 

were found warrant great changes course after was once 
laid out. South Hill View, however, within New York City proper, many 
alternatives were presented, which required detailed study and exploration. 
This part, which known the City Tunnel, discussed subsequently 
more detail. 


From the main head-works the Ashokan Reservoir Brown’s Station, 
Y., the aqueduct follows the post-glacial valley the Beaverkill, along 
cut-and-cover structure far the gorge Esopus Creek 
cuts right angles the course the aqueduct. the north side 
gorge, boring was made determine the depth the bluestone ledge, 

which outcrops the stream bed and across the valley the creek south. 
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was expected that this valley would crossed pressure tunnel 
deep the rock, but the borings the north bank showed that the bed- 
rock was deep and sloped downward the north beneath the drift hills into 
the buried gorge the pre-glacial Esopus, the plan for tunnel was abandoned, 
the down-take shaft would earth prohibitive depth. steel pipe 
siphon, therefore, was adopted instead tunnel rock, for the crossing 
the Esopus trench. 

inspection the topographic map, particularly Elevation 500, 
shows that the south side the Esopus Valley, for distance several 
miles south Ashokan Dam, much smoother and less broken tributary 
gullies than the north side. This difference due largely the effect 
glacial action smoothing the south bank the southwestward movement 
the ice during the main ice advance, whereas the roughness the north 
bank due the gullying action the glacial discharging from 
the northeast into the Esopus gorge the retreat melting stage the 
ice. Because this greater smoothness contour, the south side the 
valley was chosen for the location the aqueduct. The only considerable 
depression this line for several miles the gully Tongore Creek near 
Davis Corners, Y., where pronounced trench cut the glacial till 
waters discharging from the drift-filled valley the southwest. was crossed, 
the case Esopus Creek, short steel pipe siphon. 

the “Atwood Cliffs”, still farther south, the aqueduct was carried along 
the face the precipitous escarpment for 900 ft. with deep cut the 
rock. the much jointed, horizontally bedded shales and bluestones 
the Hamilton, which form the bed-rock this section the line, was 
found that the explosives used shattered the rock badly that the trench 
broke wider than had been expected, thus increasing the work 
particularly where the surface material was affected considerably weathering. 

Tunnel was driven through the bold hill the point leaving the 
Esopus Valley, thus making short-cut course the much more smooth 
along the edge the Hamilton escarpment which forms the westerly 
margin Rondout Valley. For the cut-and-cover portion south Peak 
Tunnel, hard, well compacted, glacial till was encountered, which was suc- 
cessfully excavated the narrow base and steep slopes prescribed, effecting 
material saving over the wider trench the horizontally bedded and 
weathered rock Atwood, the southeasterly end this 
stretch cut-and-cover construction, the Rondout Valley reached, and 
pressure tunnel bed-rock was adopted for this crossing. 


GENERAL CONSIDERATIONS RELATING PRESSURE TUNNELS 


all the types aqueduct, the pressure tunnel was, perhaps, given the 
most study, there was precedent for tunnels operating under such 
high heads. Pressure tunnels had been used some extent, but none 
them was subjected unbalanced head much greater than 100 ft., whereas 
the Rondout Pressure Tunnel the unbalanced head about 400 ft. and 
the ground-water head the Hudson Pressure Tunnel 1100 ft. when the 
tunnel empty. The pressure tunnels are designed with vertical waterway 
shafts and tunnel deep the rock carry the water from one side the 
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valley the other. The strength and water-tightness the rock mainly 
depended retain the water without undue loss. The tunnel excavation, 
which circular form, lined with concrete, serve not only 
support the rock and provide high coefficient flow, but also 
obstruct the escape water from the tunnel. This last function the 
concrete aided grout, which was forced under high pressure into all 
openings between the concrete and the rock and also into all water-bearing 
joints and porous openings the rock itself, within reach the operation. 
The concrete lining, therefore, supplemented the grout filling all adjacent 
spaces depended make reasonably water-tight conduit. The 
advantages this type construction may enumerated as: 

(1) Great permanence; 

(2) Very low maintenance cost; 

(3) Cheaper original cost than any other equally efficient conduit; and 

(4) Convenience operation. 

The last two considerations may illustrated the miles pressure 
New York City where sixteen lines large diameter steel pipe 
would have been required carry and distribute supply equivalent the 
single pressure tunnel. 

Permanence matter that has been most carefully considered. the 
case other pressure tunnels where relatively low pressures have been used, 
the rocks are stable and little folding and faulting. the 
country traversed the Catskill Aqueduct, serious local movements have 
disturbed the strata, but the rocks are generally such insoluble and 
permanent character that there little fear their deterioration. This sound 
character the rock decidedly favorable condition. appears also that 
the lower New York region now comparatively stable compared with 
most the Rocky Mountain Coast regions. One must recognize 
that movement might occur here, for that matter anywhere else; but few 
known regions have little evidence recent disturbance this, although 
earlier period such movements were common and extensive. Some 
the most important effects these earlier disturbances may now seen 
the faults and crush zones encountered many places. such points, the 
rock much weaker than usual and also less stable during and after 
construction, and, furthermore, believed that new movement should 
affect the region, would likely follow some these old weaknesses. 
Therefore, the line with the known faults the most desirable, not 
only because the wish avoid bad ground, but also because possible 
further shifting. 

order prevent bursting the tunnel subjected high pressures, 
which would result leakage and loss water, essential that the 
rock strong enough meet the severe demand made it. Therefore, 
proper understanding the condition the rock became prime im- 
portance. Zones disturbance, decay the rock, and zones weakness 
induced deformation were carefully considered. was deemed 
very important place the tunnel adequate depth beneath the surface 
sound rock order escape the influence superficial weaknesses. There- 
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fore, all cases, cover not less than 150 ft. sound rock was provided, 
except for comparatively light heads. 

The circular shape was adopted for pressure tunnels and permanent shafts, 
the external pressure which they may, places, subject when 
the tunnel under construction out service. The pressure from ground- 
water depends the relative porosity the rock and the concrete. Thus, 
with tight lining and porous rock, the lining would receive nearly the 
full ground-water head; whereas, with tight rock and equally impervious 
lining, the lining would get little pressure. was thought that porous 
seamy rock would made tight grouting and that the rock itself 
would constitute the main reliance against inward outward leakage. The 
lining the tunnel was made such thickness withstand the static 
ground-water head and the grouting pressure, and the grouting all openings 
back the concrete lining was depended cut off outward leakage. 
This provision very important, water can escape wherever can enter 
tunnel and much greater quantities, because the unbalanced heads producing 
outward flow from the full aqueduct under pressure are much greater. Ground- 
water pressures 200 475 per sq. in. have been measured means 
gauges applied grout pipes the tunnels. 


TUNNEL 


The comparatively low Rondout Valley crossed pressure tunnel 
long, which was driven from eight working shafts about 500 ft. 
below the general floor the valley. The tunnel has inside diameter 
ft., and the concrete lining averages in. thickness. The excavation 
averaged about cu. yd. per lin. ft. 

Summary the Rondout main problem presented the 
study the tunnel location related the proper depth the tunnel the 
rock, which, turn, was influenced the and depth the pre- 
glacial drift-filled gorges, and the attitude the several rock formations 
penetrated, especially the location, thickness, and inclination the Shawan- 
gunk grit with reference its intersection the tunnel. General studies 
and explorations, made determine the choice tentative lines crossing 
the valley number places between Hurley and High Falls, showed that 
the geological formations the location chosen were less disturbed fold- 
ing and faulting than any other part the entire valley, and other con- 
siderations made the High Falls location the most desirable. comparison 
the cost rock tunnels with the cost pipe lines and other structures, 
showed the tunnels the cheapest, even with shafts more than 1000 
ft. deep and allowance for special construction-in case unusually bad ground 
should encountered. 

Earlier exploratory borings the valley Hurley revealed the rock 
the bottom the same ancient valley depth ft. below sea level, and 
showed that overlaid layer sand about 220 ft. thickness. This 
valley, following the Hamilton escarpment along the easterly margin the 
Catskills, bottomed the Onondaga limestone. The line was finally 
moved several miles farther south, beyond the reach the Esopus proper, 
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where much heavier drift cover badly obscures the topography the rock 
floor. From study the outcrops, applying the recognized principles 
erosion effects dipping strata, was expected that the borings the 
crossing High Falls would discover gorge corresponding position 
along the westerly margin the valley the border the Hamilton flag 
formation. This was indeed the case. addition, another gorge was dis- 
closed the borings near the middle the valley, deeply buried, and 
masked deposits glacial drift that its existence not the 
present relief. 

The first general geological cross-section the valley, however, based 
surface indications, was fairly close approximation the structure finally 
developed much more detail the borings. Two buried pre-glacial stream 
gorges, and the fact that the rock places was broken faulting and was 
porous, controlled the depth the tunnel. Near the east end the tunnel, 
also, fold involving the very hard Shawangunk grit made desirable 
place the tunnel deep that would pass beneath the grit and lie entirely 
the more easily excavated Hudson River shale below. 

The complexity this valley due chiefly the number and 
variety rock formations, including many beds limestone, shale, and 
grit, and their folded and faulted condition. these strata different 
resistances erosion, topography consistent with the detail the structure 
has been developed. Where the more indestructible beds, such the Shawan- 
gunk grit occur, there are ridges, and where the less resistant beds form 
floor, erosion has cut deeper and there are valleys. The relief features the 
rock floor, chiefly erosion channels, represent the work streams due the 
uplift preceding the Ice Age. minor features, however, are much 
obscured the drift. these later channels, especially their great depth, 
that became critical factors determining the depth the tunnel. The 
following formations are penetrated the Rondout Tunnel, the Hamilton 
flags being the top the west side the valley, and the Hudson 
shales, the lowest the series, being the east side the valley: 


Thickness, 
feet. 
Hamilton flags and Marcellus 700 
Oriskany sandstone (not separately developed).......... 
Port Ewen shaly limestone, including 
New Scotland shaly limestone........... 100 
Manlius limestone, including the Cobleskill, and the 
Rosendale and Rondout cement 
High Falls shale, including thin. limestone 
Hudson River: slates, thickness: probably more 
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Factors Affecting the Tunnel tunnel profile was fixed the 
following 


(1) pass beneath the ‘buried Gorge, the west side 
the valley, with sufficient rock cover; 

(2) pass safely under the buried Rondout Gorge, near Station 500, 
the center the valley; 

(3) avoid, far possible, the Shawangunk grit, the Coxing- 
kill the east side the 

(4) pass through the porous Binnewater sandstone 

distance possible; 

(5) drive up-hill high angle through the heaviest 
members for the purpose draining the water away from the 

(6) avoid driving up-hill grades more than where lower 
grades are possible; and 

(7) have the entire tunnel drain toward the sump the drainage 
shaft near Rondout Creek. 


These requirements were met placing the half the 
Elevation 100 the vicinity the most porous strata. 15% 
incline through the wet ground connects with the southerly half which was 
put Elevation 250 keep the tunnel below the Shawangunk grit 
and the Hudson River shales. 

Question Solubility question the possible 
bility the limestones was considered with great care. Certain caverns, due 
the solution these limestones, can seen the surface, and others were 
the borings, and seemed not improbable that many solution 
channels may have been formed earlier times considerable depth both 
the Onondaga and the Helderberg limestones. Fig. view the Rondout 
Siphon Tunnel, which shows the solution effects bedding planes Helder- 
berg limestone, causing wild breakage “mud seams”, requiring ft. 
the roof. 

these limestones, which have proven soluble exposed 
ordinary water circulation, should yield the same way the 
tunnel waters, not only would the concrete lining subject disintegration, 
but the supporting rock immediately outside them might be, part, 
removed and the escape channels enlarged, seriously increasing the loss 
water from the tunnel. These considerations led the tunnel being placed 
below the zone most affected surface-water circulation, avoiding far 
possible the most susceptible strata. led also the rejection limestone 
aggregate the concrete lining. 

Factors Affecting Construction—Under the subject design, the general 
condition the rocks this region and their structural relations have been 
The hard soft character, porous fractured condition, and 
resultant permeability, the chemical changes which they have stib- 
jected, all have bearing the methods tunnel driving and the design 
tunnel adopted. the mostly hard; durable, and sound, 
the earth movements to. which they have been subjected have resulted the 
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formation folds, joints, occasional faults, and crush zones. Such condi- 
tions may result unfavorably causing an.unsafe roof places, requiring 
the use temporary wooden timber even permanent steel roof 
support. other cases, small folds intersecting fracture planes produce 
blocky and caving ground. the soluble limestones, the circulation under- 
ground water tends dissolve parts the beds and produce openings 
the enlargement joint planes, with the result that the rock weakened 
and, places, cavernous. Conditions such these required enlargement 
the excavation unsound rock, reduced the speed excavation and the 
placing concrete, and, few places, introduced added cost for steel 
timber roof support. 

Since the lining has been placed, opportunity has been given 
observe the effect ground-water the concrete. The concrete shows 
tendency deteriorate and tests the aqueduct service have shown the 
pressure tunnels tight against outward leakage. 

The Rondout Pressure Tunnel affords good illustration the influence 
underground conditions the progress tunnel work. Fig. progress 
diagram the Rondout Tunnel and illustrates the influence adverse 
geological conditions the progress the work. Where the rock was fairly 
uniform quality, the shales and limestones, rapid and consistent 
progress was made excavating, the average progress these rocks being 
350 ft. per month. Because the hardness the rock, the progress 
driving through the Shawangunk grit was much slower, averaging 160 ft. 
per month. The longest delay the construction this tunnel was 
Shaft and the tunnel between Shafts and The difficulties there 
were due the large inflow water the Binnewater sandstone and High 
Falls shale. Shaft was flooded several times and the sinking was 
delayed about year account the troubles caused water. account 
the sinking this shaft has been given paper* John Hogan, 

The large mud seams and broken cavernous ground encountered excavat- 
ing the tunnel south Shaft necessitated special methods driving and 
lining. Special provisions were made there for reinforcing the tunnel with 
steel These extra precautions and the provisions made for curing the 
natural weaknesses caused much additional delay. Hydrogen sulphide gas 
the Binnewater sandstone and High Falls shale made difficult for men 
work, their eyes were affected the gas, and remedy this trouble, ventila- 
tion blowers was provided. The acid water and gas also attacked the switch- 
board equipment the electric pumps, making special protection necessary. 

Fig. view the Rondout Pressure Tunnel, which shows the wet 
ground encountered the High Falls shale and the Binnewater sandstone 
where these rocks were penetrated the tunnel the overthrust fault near 
Shaft 

Although the water-bearing beds the incline gave much trouble, most 
the water entered stretch only 175 ft. long, half way the incline 


“Sinking Wet Shaft”, Transactions, Am. Soc. E., Vol. 398. 
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Fic. SIPHON TUNNEL, SHOWING SOLUTION EFFECTS BEDDING 
PLANES HELDERBERG LIMESTONB. 
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Fic. PRESSURE TUNNEL, SHOWING WET GROUND FALLs 
SHALE AND BINNEWATER 
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Shaft PROGRESS SHAFT EXCAVATION MONTHS 
AFTER BEGINNING WORK 
Completed excavation shown solid 


black thus 


Elevation feet 


SHAFT EXCAVATION MONTHS 
AFTER BEGINNING WORK 


PROGRESS SHAFT EXCAVATION MONTHS 
BEGINNING WORK 


PROGRESS SHAFT EXCAVATION MONTHS 


AFTER BEGINNING WORK 


PROGRESS SHAFT EXCAVATION MONTHS 
AFTER BEGINNING WORK 
Stretch on incline between Shafts 3 and 4 
completed 4 months later 


DIAGRAMS SHOWING EXCAVATION 
RONDOUT PRESSURE TUNNEL 


Theslow progress in sinking Shaft 4, and in excavating the 
Tunnel between Shafts and was due The 
quantity of water encountered. (2) the effects of Gas and 
(3)the Crushed and Broken Ground Penetrated the 
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the High Falls shale, where these beds were much distorted along strong 
thrust fault which seemed furnish the way escape for all the overlying 
porous beds. prevent outward leakage from the tunnel which subject 
this point head about 700 ft., the concrete lining was made ft. thick. 
This lining was placed inside steel shell protect the concrete during placing 
and setting. Dry packing placed outside the steel was grouted and the sur- 
rounding porous rock was impregnated with grout under high pressure. The 
water entering the tunnel just before closing all leakage this stretch 
amounted 1000 gal. per min. Ground-water was drawn down Elevation 
55, and after all pumping was stopped, took days restore Eleva- 
tion 65, rise 120 ft., representing volume the tributary underground 
reservoir 64000 cu. ft. per vertical foot. the earlier stages construc- 
tion, the inflow was much heavier, reaching maximum about 1900 gal. 
per min. 

Although 250 000 yd. solid rock was excavated driving this tunnel, 
none was suitable for concrete aggregate except the grit. Two quarries were 
opened the Shawangunk grit outcrops situated east Rondout Creek, mak- 
ing long hauls necessary transporting the crushed stone the several shafts. 
The rock excavated from the tunnel was examined the geologists, who 
investigated the permanence the stone used the concrete lining the 
deep tunnels and the gossible solution disintegration the material com- 
posing the concrete. conclusions are summed follows: 

The pressure tunnels are necessarily the weakest links the whole Catskill 
System. They present not only special difficulties construction, but they 
will continuously subjected greater strain reason pressures, and 
greater attack from the solvent action water than other parts the aqueduct 
line. the work permanent even reasonably durable, every con- 
sideration affecting the matter public enterprise importance the 
side caution the use materials. This applies with most force the 
pressure tunnels. Not only injudicious use stone uncertain doubt- 
ful resisting quality, but, view the fact that others safe character are 
available, such action would open severe criticism. The additional 
expense involved the use the better material would amount such 
small proportion the whole cost lose much its seeming importance. 

The weak shales were condemned because their low strength and marked 
tendency dry out and crumble exposure the air. The limestones, 
although strong and hard enough, were considered too susceptible solu- 
tion. all the formations the Rondout Valley the Shawangunk grit, 
because its hardness, strength, and insolubility, was regarded the best 
the local rock available for concrete material. The cost drilling this very 
hard rock was high, because the wear the drills. The rock strongly 
bound, and came out the quarry large masses, jagged and difficult 
handle. The wear the manganese steel crusher parts exposed the cutting 
action the hard quartzites was great, and renewals were frequent. 

Failure the Rock Under the First Hydrostatic the tunnel 
had been completed, and the construction shafts sealed with concrete plugs, 
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the tunnel and end shafts were filled with water and subjected the working 
pressure. Under this test the concrete lining was ruptured for several hundred 
feet between Shafts and making repairs necessary. 

The tunnel lining had been cracked where the cavernous ground the 
Helderberg limestones had been encountered, and also the incline the 
Binnewater sandstone. The limestones particular had been weakened 
solution along joints and bedding planes. These caverns and mud seams are 
not isolated, but are doubtless connected and irregular, following the pattern 
the original joints. Evidently, the pressure the tunnel had overcome the 
resistance the surrounding rock, which was not everywhere solid and con- 
tinuous, but effect had become, some places, series blocks separated 
soft and yielding clay. was necessary, therefore, repair the damage 
and make the tunnel water-tight. Steel shells had been used originally cer- 
tain points well recognized rock weakness, and none these places was 
there any movement damage. Accordingly, was decided repair about 
700 ft. the cracked tunnel similar manner. This was done three 
stretches reinforcing the lining with steel shell about in. thick, made 
rings composed channels with their flanges riveted together. 
The cracks the rock caused the movement the ground were then grouted 
under high pressure, prevent the escape water. This repair was successful 
and further difficulty has developed. When the tunnel was designed, the 
possibility such failures was recognized, but was thought better dis- 
cover points weakness test, and strengthen those parts that required 
it, than reinforce all the tunnel about which there might some 
question. 


VALLEY 


From Shaft the terminus the Rondout Pressure Tunnel the western 
slope the Shawangunk Mountain, the aqueduct pierces the mountain about 
Elevation 450 tunnel which driven the easily excavated Hudson River 
shale beneath the cap hard grit covering the north end the mountain 
This tunnel emerges below Bonticou Crag the east slope favor- 
able point for portal. tunnel through this mountain any other location 
would have been much longer, would have encountered the resistant grit 
bed, either case greatly increasing the difficulty driving and the cost. 

Freer Cut.—On the eastern slope the Shawangunk Mountain (Fig. 9), 
where the rock ledges are sparsely covered glacial drift, the aqueduct fol- 
lows the contour southward grade for distance miles. Here, the 
excavation encountered the shales the Hudson River series which were 
excavated rapidly and cheaply blasting and steam shovels, except the deep 
Freer where difficulty was encountered through stretch 2000 ft. 
The strike the rock formation here nearly parallel with the center 
line the aqueduct and the dip about 40° the direction the 
general eastward slope the mountain. (Fig. view the cut-and- 
cover aqueduct Freer Cut, the Hudson River shale, which shows wide 
breakage due the dip bedding planes the west (right) side (1:1 slope). 
Note the steep slope (6:1) the cut the opposite side). 
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Trouble was had from the beginning the west side the Freer 
the sliding the rock its bedding planes. the cut increased 
depth, the shale slid down great masses into the cut, burying the track and 
steam shovel. The right east side was self-sustaining, because the dip 
the beds that side was away from the excavation. The greatest single slide 
amounted about 000 cu. yd. rock. Because the great widening the 
the west side these slides, was necessary re-locate the aqueduct 
structure after the excavation had been progress for some months, moving 
the center line the east keep the excavation within the property lines 
the city. The contractor’s railroad for the stone supply from the quarry 
Bonticou was also affected, and was rebuilt for distance several thousand 
feet. The conditions Freer Cut increased the excavation from estimate 
000 cu. yd. 155 000 cu. yd. actual, besides requiring substantial modi- 
fication the design the concrete structure, order avoid possible 
damage. 

Geology the Wallkill Valley Wallkill River striking example 
retrograde stream. flows northeasterly from its source New 
Jersey total distance about miles direct line, the southward- 
flowing Hudson which joins obtuse angle. This fact alone sufficient 
indicate that its present channel composite, and that part the 
drainage reversed comparatively recent geologic time. 
reversal the drainage means that the modern river some point flowing 
across former divide water-parting; and the approximate location this 
divide, not too far from the normal course the aqueduct, prac- 
tical importance, would furnish crossing with the highest possible 
rock floor and the least gorge development. The determination the latitude 
the buried divide and the location and depth the pre-glacial gorge were 
given special study. 

North the New Jersey boundary, the geological structure the Wallkill 
Valley simple that the Rondout Valley complex, because from 
this section the Great Valley, erosion has removed the entire series 
Silurian and Devonian strata down the Hudson River slate and sandstone. 
the northwest, the Hudson River slate rises the steep slope Shawan- 
gunk Mountain capped the heavy protecting bed Shawangunk 
Much the floor the Wallkill Valley referable the Tertiary base 
level; but north New Paltz, Y., the immediate inner valley the Wall- 
kill, wide, close the base Shawangunk Mountain sunk 
below this level. this inner valley, the Tertiary peneplain holds the relation 
broad uneven terrace stretching between and Marlboro Mountain 
the east. The Hudson River beds are, throughout, strongly folded and 
characterized marked cleavage structure dipping the east. Throughout 
the area the Hudson River formation, there less agreement between the 
topography and the geological structure than with the other strata, but 
this series, wherever marked hardness. exist, this fact 
the topography. 
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Fic. PRESSURE TUNNEL EMERGING BELOW BONTECOU CRAG, EASTERN SLOPE 
SHAWANGUNK MOUNTAIN. 
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WALLKILL PRESSURE TUNNEL, SHOWING STRUCTURE HUDSON 
River SHALE. CONCRETE ARCH BACKGROUND. 
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the drift largely boulder clay for about miles, the vicinity Walden, 
N.Y. The favorable character the Hudson River shales for aqueduct tunnel 
construction was always recognized, because the sound unweathered con- 
dition these sandy mudstones. Although folded and faulted considerably, 
they are largely self-healing and tight, even along zones strong movement. 
Almost the only purpose the borings was determine the position the 
bed-rock floor and the depth and position the buried pre-glacial channel 
the Wallkill. The first and most northerly line borings was made 
Springtown, Y., where the old buried bed-rock gorge was found near the 
Wallkill Valley Railroad Bridge and was shown depth 270 ft., 

extending ft. below sea level. Southward, the elevation bed-rock the old 
stream bed rises rapidly until, Libertyville, the bed-rock floor was Eleva- 
tion 67, rise 147 ft. miles, average about ft. per mile. 

Design and Construction Wallkill Pressure Tunnel.—The design 
this tunnel was simplified the fact that the rock penetrated was 
entirely Hudson River shale almost uniform character. was not neces- 
sary consider, the case the Rondout Tunnel, the rates excava- 
tion progress expected, and the difficulties encountered various 
broken and porous formations. The principal consideration establishing 
the depth below the bed-rock surface was provide adequate rock cover 
along the entire length the tunnel. 

The probable depth which the rock might decomposed and the general 
strength the rock lies the ground were also regarded prime 
importanee. This kind rock not deeply affected weathering, and 
although the ground-water level was doubtless much lower 
times, there evidence that the rock was materially weakened except 
superficially. The ice removed nearly all the loose and decomposed rock 
that time, leaving the surface generally fresh and polished. This shale 
formation may regarded generally rigid enough sustain itself and 
yet yielding make many open seams improbable 
the depth the pressure tunnel. The great body gravel and sand filling 
the main part the buried gorge indicative large water storage 
and suggests caution. Even so, cover 150 ft. slate would seem afford 
ample protection the tunnel, because this deepest point the rock likely 
exceptionally fresh and sound. 

The tunnel was accordingly designed with pump shaft the rock, with 
minimum depth earth, just east the buried gorge, for convenience 
discharging the drainage into the Wallkill River when emptying the aqueduct. 
The tunnel grade beneath the lowest point the bed-rock the pre-glacial 
gorge was covered 150 ft. bed-rock. The drainage shaft for the 
Wallkill Tunnel was placed near the ‘Wallkill River and the spacing the 
five other shafts was balanced accord with the drainage 
shaft. Although six shafts were sunk for this 44-mile tunnel, eight them 
were found necessary for the more complex conditions the Rondout 
Tunnel, which was about the same length. 

The general uniform quality and attitude the thin beds the Hudson 
River shale, together with the absence open joints porous beds carrying 
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heavy flows water, made for comparatively rapid progress and low expense 
the constuction the Wallkill Tunnel. The contract price per linear 
foot the Wallkill Pressure Tunnel, including shafts, was $146.31, compared 
with $248.46 per ft. the Rondout Pressure Tunnel. This difference 
price was due mainly the difference the geologic structure the two 
valleys. Fig. view the Wallkill Pressure Tunnel, showing the pre- 
vailing structure the Hudson River shale and its habit breakage the 
tunnel excavation. Concrete arch forms may seen the background. 

The only hard rock encountered was for distance several hundred 
feet near the south end the tunnel. was very hard quartzitic sand- 
stone, and required from hours drill the heading against 
hours the shale. The water encountered during the excavation this 
tunnel amounted 500 gal. per min. entering through joints, with great 
flows any one place. was noticed that the inflow remained about constant 
for the entire siphon during the working period. This was supposed 
due the great depth the tunnel below ground-water level, that 
point was the water-table depressed the tunnel level, and also because 
there was slow circulation and abnormal conditions. 

the Hudson River shale from the tunnel was not considered satisfac- 
tory aggregate for concrete, the specifications excluded its use, and the con- 
tractor opened quarry the Shawangunk grit Bonticou Crag, the 
north end the line, the nearest source concrete stone. This quarry 
proved expensive source was situated high the steep 
slopes, making access difficult; there was level bottom for loading cars; 
the steep down-hill dip the grit strata made difficult operate drills; 
and the hard and abrasive quality the quartzite caused rapid wear 
drills and crushers. The sand for the concrete was secured from the Rosen- 
dale sand plain near the Wallkill Valley Railroad track, haul miles. 
Sand deposits near the line the tunnel were explored, and although the 
material was generally coarser than the fine water-washed Rosendale deposit, 
contained enough fine material make necessary remove the silt 
washing. 

Hydrostatic Test—When this tunnel was first filled with water the 
hydraulic grade, the outward leakage was about 1100 gal. per min. This 
leakage rapidly diminished and, after several years, became low 
gal. per min. for the miles tunnel, the reduction being due probably 
the closing the fine seams the slate. When the first test was made, 
the water came the surface several places, particularly from drill holes 
which penetrated the tunnel level. These holes formed active springs 
between Shafts and and softened the drift for considerable areas, but 
they finally ceased flow. 


AQUEDUCT THE WALLKILL VALLEY 


The Tertiary peneplain the easterly side the Wallkill Valley 
open gently rolling country, the average elevation which adapted for the 
construction the aqueduct open cut for distance miles, extending 
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from the uptake shaft Wallkill Pressure Tunnel the northwest margin 
Moodna Valley which also crossed deep pressure tunnel. Through 
this upland, which forms base-leveled divide, the deposits left 
the glaciers presented favorable and easily excavated materials for the 
aqueduct trench. these miles, there were only two deep and heavy cuts, 
although the line remarkably direct. Such condition due the per- 
fection the base leveling planation Tertiary time, that is, the wearing 
down the country plane, due the long continued and unchanging 
level with reference the sea. 

Throughout the stretch, the prevailing material overlying the Hudson 
River shale compact, glacial till, frequently requiring the use explosives, 
except for miles the northerly end, between Ireland Corners and New 
Hurley, Y., where the east side the valley covered with kame deposits, 
evidently laid down while the center the valley was occupied mass 
ice. For miles the aqueduct trench was excavated this washed gravelly 
drift, far south New Hurley, where the line swings the eastward, 
leaving the soft deposits and continuing south for many miles hard 
glacial till. This difference quality materials affected the type con- 
struction, the compact drift proving the more economical cost construc- 
tion. For example, the north end the loose, water-deposited ground, 
aqueduct with wide base was required, and the payment lines for exca- 
vation were fixed slope 1:1; whereas, the solid ice-compacted till 
the south, the structure was built with narrower base and the trench 
was excavated side slopes 6:1. The cost per foot the completed 
aqueduct the modified loose drift was $58.78, whereas the adjacent 
compact glacial till, the cost was $48.06 per ft. 


Moopna 


Before was decided cross the Hudson River somewhere within the 
Highlands, there had been Moodna problem. crossing the open 
valley region such that originally proposed farther north New Hamburg, 
would have avoided the whole Moodna section. soon, however, 
the crossing the Hudson became fixed much farther south, the line 
the aqueduct was thereby established, approaching the Highlands the 
west side the river, and the crossing the Moodna Valley assumed con- 
siderable importance. The Moodna comparatively small stream entering 
the Hudson just north the Highlands, with its lower course lying across 
the most direct aqueduct line. The nature this tributary, together with 
the character the material through which flows, suggests considerable 
drift filling. 

the time this problem came considered, was known that the 
Hudson itself was very deep, several hundred feet least. seemed 
reasonable, therefore, expect that tributary such this would have 
cut down somewhat similar grade. was also appreciated from the 
studies the Wallkill Valley, that the pre-glacial Moodna had probably been 
larger stream draining some the present upper Wallkill territory. 
the ancient Moodna must have been more important stream than 
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the present one and probably somewhat different course. All this argued 
for valley gorge much greater prominence than the present surface 
channel, but what its forms and profile was, one could tell. The alterna- 
tive Hudson River crossings the Highlands involved corresponding changes 
the the Moodna Tunnel, the lines farther south allowing the 
Moodna crossing located farther stream. The Storm King Crossing, 
however, which was finally adopted, gave preference line across the 
Moodna its farthest down-stream position and permitted comparatively 
little chance for shifting. 

was planned first reach the Highlands margin with pressure 
tunnel and connect with the Hudson River Tunnel cut-and-cover 
aqueduct grade along the northerly face Storm King Ridge. was 
finally decided, however, construct the Moodna Pressure Tunnel 
more direct line and continue suitable depth the entire distance 
the Hudson River. This plan made desirable locate the tunnel far 
the north, down stream, the Moodna, natural conditions would permit, 
and explorations were conducted determine the facts detail. The early 
borings were rather widely spaced, but they soon disclosed that the deeper 
valley floor was abnormally flat for distance least mile and was 
covered with 300 ft. very bouldery drift. Such profile raised much 
speculation, the opinion prevailing that considerably greater irregularity 
probably existed than the borings had yet revealed. 

was known this time that the gorge the Hudson was from 
500 600 ft. deep, and, the floor the Moodna Gorge, only two miles 
distant, was shown the borings only ft. lower than the present 
water level the Hudson, the argument was felt strong favor 
deeper inner notch somewhere the Moodna Valley floor. The borings 
showed that there could notch wider than 200 ft. the floor, and 
was decided that very deep canyon need not considered. surprising 
find flat valley bottom this elevation, view the fact that the 
Hudson Gorge least 700 ft. deeper only short distance away. The 
stream ought have cut deeper notch within this bottom. probable 
that least two causes unite develop this abnormally flat form. Glacial 
scouring doubtless aided, and, probably, also the lay more 
nearly parallel the line borings than that the present Moodna. 
the whole, however, Moodna profile appears the most abnormal 
any the aqueduct line. 

was necessary determine the character the rock the valley 
floor, addition the depth the gorge, but this itself did not require 
extensive series borings. was easily found that the chief forma- 
tion was the Hudson River shales and sandstones and that although 
beneath them and above the basal gneisses, there must 1000 
and 500 600 ft. quartzite, only very short stretches 
tunnel’ would penetrate either formation. quartzite was encountered 
tlie tunnel excavation and only about 200 ft. limestone. places where 
these formations would normally expected, they have been cut out the 
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tunnel line faulting. Only one stretch ground exhibited change 
formations any unusual structural relation. was discovered one 
the earlier borings that crystalline rock like that the Highlands occurred 
the floor the Moodna, under the deep cover drift, but the adjacent 
borings showed only Hudson River sandstones and slates. Normally, the 
quartzite and limestone should lie between, but such occurrences were dis- 
covered. 

When the tunnel was driven, was found that the stretch crystalline 
less than 200 ft. wide, that was bounded both sides fault 
crush zones which the rock was weak that required timbering, and 
that the formation immediately contact both sides Hudson River 
shale. Undoubtedly, this crystalline strip remnant left stranded after 
two periods faulting, and reasonably certain that does not extend 
from the granite basement, but instead completely cut off below 
these two faults. Doubtless, would possible, somewhat greater depth, 
pass beneath such block this and not encounter the granite. 

The Great Thrust the margin the Highlands where the 
tunnel line passes from the Hudson River slates and associated rocks the 
Highlands granites and gneisses, the transition sharp. short distance north 
the line, limestone may seen along the contact within few feet the 
granite. short distance south the line, the limestone does not appear, but 
slate lies near the granite contact. North the line, mile more, slate and 
granite can seen contact with crush zone strongly developed and with 
the rock lying above the slate, the contact plane 
angle approximately 45° toward the Highlands beneath the granite. This 
represents overthrust. fault, the granite having been pushed over the 
slate 45° plane. 

Borings placed develop this structural condition indi- 
cated the same fault the tunnel line and with about the same angle 
dip. When the tunnel was constructed, the fault was encountered indi- 
eated. that depth, however, about 200 ft. limestone intensely and 
and deformed that process that its bedding could nowhere 
determined, was encountered. the west side the limestone, the 
Hudson River formation continued and beyond the fault the east only 
granite was found. The rock was badly crushed and slickensided and sheared 
the vicinity the granite, and similar crush zone was developed the 
contact between the Hudson River slates and the limestone 200 ft. farther 
west. Except the two more pronounced crush zones referred to, the ground 
the tunnel was good and sound for construction purposes and required 
special unusual attention. The great fault this point which probably 
represents displacement 2000 3000 ft. and perhaps more, crossed 
the aqueduct without any structural difficulty. The cost construction 
per linear foot this tunnel was the lowest any pressure tunnel the 
aqueduct. evident from the success the pressure tests and later 
operation that the depth the tunnel adequate and that danger exists, 
due structural weakness the rock erosion notches, sufficient con- 
Sequence interfere with the success operation and permanence. 
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Tue River 


great number factors were involved fixing the location for crossing 
the Hudson River, some which involve advantages aqueduct location 
through the intervening country between the Catskills and the Highlands 
and others which apply equal measure its southerly extension toward 
the city. The vital and decisive factor, however, selecting the exact loca- 
tion concerned the geological conditions the crossing itself. 

The possible places for crossing may divided into two groups. One 
known the “New Hamburg group” included all the crossings considered 
the territory north the Highlands where somewhat metamorphosed and 
badly deformed sedimentary rocks the Cambro-Ordovician Age, including 
shales, slates, limestones, and quartzites, constitute the formations through 
which the tunnel would have pass. The other known the “Highlands 
group” represented the possible crossings within the limits the Highlands. 
This Highlands region characterized crystalline rocks, including chiefly 
granites and gneisses considerable variety, more less disturbed defor- 
mation, but, general, comparatively sound. The New Hamburg group was 
explored sufficiently determine that there would long pressure 
where limestone would encountered under conditions encouraging struc- 
tural weakness. This ground north the Highlands known badly 
disturbed faulting, and these conditions could not avoided: 
good general principle avoid such objectionable weaknesses can done, 
ground more favorable quality. this account, large 
part, the Highlands group crossings came into additional prominence. They 
avoid the weakened and deformed sedimentary series, except far they 
would encountered crossing the Moodna Valley. 

The different possible lines within the Highlands were further studied for 
individual differences. the locations were studied detail, was 
found that the most southerly lines, especially the West Point line and any 
possible line farther south, would cross large fault and crush zone under 
the Hudson River. was also certain that all the southerly lines would 
cross much more varied rock types, and was considered desirable 
avoid this complication. the Storm King line the extreme 
northerly margin the Highlands was finally adopted the best location. 
was the opinion the geologists that the whole section could constructed 
this point through granite single type from one side the river 
the other without crossing any major structural weakness; whereas, 
was recognized the outset that the depth the river gorge was not 
known: and perhaps would difficult determine. This was also true all 
other points. was recognized that this particular location, reason 
glacial action, might unusually deep. This seems fairly certain 
since the final explorations were made, but the argument favor the 
Storm King crossing was not offset any these considerations, 
the great advantage locating this critical section the aqueduct 
place where the major uncertainties rock quality and structural weakness 
were reduced minimum. 
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Preliminary explorations were made all the lines before the final choice 
the Storm King location. Subsequently, extensive explorations were con- 
ducted the Storm King line. Borings were put down the river under 
extremely difficult conditions and extraordinary depth. Fig. 
geologic cross-section under the Hudson River, and shows the deep pre- 
glacial drift-filled gorge the granite, the deep shaft and pressure tunnel 


the Catskill Aqueduct, and the inclined diamond drill holes for exploring 


the rock before the question the depth the tunnel was decided. 
depth 768 ft. below the surface the water was reached the middle 
the river the deepest boring, which even that depth did not reach the 
rock floor. each side the center, borings penetrated 500 ft. before 
reaching rock. this stage was believed that the results obtained had 
demonstrated the.feasibility the crossing, but sufficient data had not been 
secured determine the depth and detail design that construction could 
proceed. was determined, therefore, sink both sides the 
river and from them explore the underground conditions inclined drill 
holes under the river. The first pair holes, one from each side, was 
projected reach beneath the center the river depth about 
1400 ft. Sound granite was obtained from the cores for the entire depth. 
After these holes were completed, second pair was projected cross beneath 
the river depth about 950 These holes likewise penetrated sound 
granite. the basis this information, the tunnel was placed depth 
1100 ft. below river level, and was constructed without special difficulty. 

The Hudson River Pressure Tunnel located the north edge the 
granitic Highland area. The large building, Fig. 13, near river level marks 
the East Shaft, 1100 ft. deep. The buried gorge nearly 800 ft. deep 
rock. The top the hills marks the Cretaceous peneplain base level, 
whereas the inner rock terrace, which may noted about 100 ft. above water 
level, the Tertiary peneplain. 

was first planned have the aqueduct approach the Hudson River 
section hydraulic grade connecting with the tunnel under the river 
down-take shaft. Later studies the Moodna crossing, however, led the 
adoption continuous pressure tunnel connecting the Moodna, Hudson, 
and Breakneck Tunnels. Thus, the tunnels constituted one system different 
levels. the connecting angles between these pressure tunnels, structural 
weaknesses later developed the solid rock when full pressure was applied, 
and repairs were required. 

faulting any consequence was discovered excavating the tunnel. 
Two three slips were noted near the east end, but the original judgment 
that the river could crossed this point without penetrating any great 
structural weakness such crush zone fault line was substantiated. 
certain zones, however, the rock under unrelieved strain, still preserved 
from the deformations earlier geologic time. the deeper workings, this 
strained rock certain places had tendency scale off with violent explo- 
sions. Sometimes this scaling happened suddenly, breaking from the wall where 
previously the rock appeared sound. This scaling, which was known the 
workmen “popping rock”, was encountered several places and also 
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other tunnels the aqueduct, but nowhere did give much concern 


the Hudson crossing. This condition the rock believed have developed 


the weakness the Hudson River end the Moodna Tunnel after full pres- 
sure was established, making repairs necessary. 

one stage the construction unusually heavy flow water from 
the joints penetrated the tunnel near the east shaft required large 
emergency pumping plant; the small equipment that had served successfully 
sinking the east shaft was inadequate for the sudden flow water just 
after turning the heading under the river. Fear water had been expressed 
the consideration the tunnel project beneath the Hudson, and this 
sudden appearance heavy flow was thought ominous. However, 
after the joint had been closed grouting, further trouble was experienced. 
There was indication direct connection with the Hudson River water 
itself and the large pumping equipment was not needed, the tunnel, 
whole, being fairly dry. The quantity water for the 3000 ft. tunnel 
did not exceed 110 gal. per min. any time after passing the inrush the 
ground-waters stored the joint system. 

Moodna Repair—When the Moodna-Hudson-Breakneck Siphon was sub- 
jected hydrostatic tests, leakage developed. Subsequent examination showed 
that the lining the Moodna Tunnel had ruptured its junction with the 
down-take shaft the Hudson River Tunnel and that water escaped the 
surface through joints the rock. were, also, some cracks the 
lining Breakneck Tunnel the river shaft. 

Special study was given the probable cause this unexpected weak- 
ness where the rock had originally appeared sound and without water. 
The conclusion was reached that the rupture developed where the tunnel 
crossed one the zones which the rock under strain. penetrated 
little greater depth, would have produced “popping rock”, such has 
been encountered the deeper portions the tunnel beneath the Hudson. 
Perhaps was not unstable enough the shallow depth break without some 
additional help. This additional impetus appears have been given the 
bursting pressure supplied the water-filled tunnel, when the rock was sub- 
jected the operating pressure. This unstable ground then yielded and the 
tunnel lining was ruptured, thus allowing the escape water into the 
joints connecting with the surface. the Moodna side, therefore, where 
this disturbed zone was apparently several hundred feet width, was 
decided make repairs abandoning about the Moodna Tunnel 
adjacent the Hudson Tunnel and constructing connecting step 400 ft. 
deeper. under similar conditions was elsewhere corrected 
caulking the cracks and grouting. 

Nature the Hudson its great depth, the Hudson 
Gorge has been favorite topic for geologists and engineers. well 
known that the Hudson very ancient river and that one time the Con- 
tinent stood higher than does present. Under such conditions, the 
river cut its gorge, which can followed soundings nearly 100, miles out 
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Knowledge these conditions, together with the fact that hitherto 
explorations had determined the exact depth the gorge anywhere along its 


-course below Albany, Y., gave especial uncertainty the problem when the 


work first began. explorations have tended show that although the 
Hudson River very deep, more than 300 ft. New York City, yet there 
are certain abnormal features the gorge the Storm King crossing 
that invite comment and require some additional explanation. The Hudson 
Gorge Storm King too deep and too wide wholly consistent with 
the cross-sections other points. its deepest part, below 300 ft., 
wider than New York City, and known greater depth. this 
fact, however, greater width below the 300-ft. level, even though the rock 
more substantial, that leads the conclusion that the gorge has been 
“over-deepened” and enlarged the glacial ice the entrance the High- 
lands. This one the clearest cases the region glacial over-deepening 
and enlargement. Probably nowhere else along its course the Hudson 
deep. The ice seems have crowded into this notch between Storm King 
and Breakneck Mountains, gouging out the rock considerably deeper than 
had been cut the river itself. appears, therefore, that the Storm King 
crossing may have required somewhat deeper tunnel than would have been 
necessary some other location, but had other advantages quite offsetting 
this factor, and was these that the choice was based. 


FEATURES THE HIGHLANDS 


The aqueduct through the Highlands comprises succession grade 
tunnels, cut-and-cover aqueduct, and steel pipe siphons. variety geo- 
logical conditions was encountered, which were chiefly scientific interest, 
but which had some bearing the original questions location and design. 

one place Foundry Brook Valley, crush zone was encountered, 
which, first, caused some concern, because the drill recovered only what 
appeared sand, but which proved later crushed and decayed 
material. zone also carried much water, and one the borings that 
penetrated furnished Artesian flow, which later was made the basis 
special claim for enhancement the value the land taken the 
city. Another section unusual character and local importance was 
Garrison Tunnel, where long stretch residual decayed rock was encoun- 
tered the north end. was assumed the original survey that the rock 
which was variety gneiss, would comparatively sound. excavating 
the tunnel, however, patch pre-glacial residuary decay material was found 
tke north end beneath the drift, which the glacier had failed remove. 
This gave trouble when excavated. fault zone the middle the 
tunnel showed similar disintegrated material, but did not cause much trouble. 

Sprout Brook Valley was thoroughly explored, but account the 
depth required for tunnel, steel pipe siphon was adopted more 
economical, although tunnel feasible far geological conditions are 
concerned. 

Fig. view the steel pipe siphon across Sprout Brook Valley. The 
valley eroded narrow band crystalline limestone with granite hills 
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glacial drift. The opposite hill penetrated the aqueduct Hill 
Tunnel) for mile. 

Peekskill Valley, the formations previously encountered the north 
side the Highlands were found closely folded, and affected weather- 
ing and decay considerable depth. After exploration sufficient map the 
occurrence, attitude, and condition these formations, the steel pipe siphon 
was adopted the method both for avoiding deep pressure tunnel and 
some the uncertainties behavior these rocks. Similar problems were 
encountered numerous places where either small grade tunnels short 
pressure tunnels were constructed. 


Dam 


Valhalla, Y., short distance north White Plains, within about 
miles the city, was decided locate storage reservoir. This 
the site the old Kensico Reservoir that was already part the New 
York City System, storing the waters the Bronx However, order 
serve its purpose the Catskill Project with storage 
three months’ supply, had greatly enlarged, and the problems 
this work were those incident the greater importance the high dam 
necessary for the increased storage. 

Kensico, the valley comparatively narrow and deep, and its sides 
are rocky, although the bottom filled with drift. was known from the 
outcrops the vicinity that the rock formation the west side the 
valley, this point Manhattan schist, that the east side granite gneiss 
considerable variety belonging the so-called Fordham gneiss series, and 
that the Inwood limestone formation must lie the bottom the valley. 
was evident, therefore, dam would stretch across the three im- 
portant formations the region, fact which, itself, would present 
particular disadvantages unless unusual weaknesses, especially those relating 
fault movements, should found. Fig. view the foundation 
the Kensico Dam. narrow V-shaped gorge, contact Fordham 
gneiss (left) and Inwood limestone (right). The excavation more than 100 
ft. below the ground surface. 

Explorations showed that the limestone, which was exposed the bottom 
the valley (Fig. 15), 400 ft. thick and that, whole, was 
poorer condition than the other formations. Perhaps, better condition 
than the schist, because the latter much more broken. 

The chief problems settled detailed exploratory work were: 

amount drift cover and its character, especially its water- 
bearing quality affecting construction. 

Second.—The extent and distribution weak zones any broken con- 
dition the rock. 

extent weathering disintegration and decay. 

perviousness the rock itself. 
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All these questions were determined within reasonable limits 
consistent with the earlier general estimate conditions. After all the 
exploratory borings had been made and the facts bearing these points had 
been summarized, became evident that the more northerly lines had the 
soundest rock. was placed, therefore, some distance north the 
site the existing old dam. account the discovery considerable 
rock decay, especially the junction between the gneiss and the limestone, 
and considerable jointing the rock itself, particularly 
the Manhattan schist, design was adopted that provided for stripping and 
considerable excavation the surface rock and deep cut-off trench. 

almost equal importance the question location and the quality 
foundation the problem materials for construction. The dam required 
approximately 1000 000 cu. yd. structural material and the decision use 
stone facing, suitable quality could found near enough utilize 
economically, emphasized the problem local supply. The basal gneiss series 
the east side the reservoir carries large quantity igneous intrusive 
rock essentially granitic composition. This rock, the Yonkers gneiss, 
strikingly granular habit most exposures disintegrates sand 
under certain kinds exposure. blocks this stone used 
the oldest buildings the region are well preserved, and the stone shows 
high strength and satisfactory resistance the ordinary disintegration 
tests. Even the somewhat weathered material, considered means 
its best condition, shows surprisingly good results under the tests. The color 
the stone and its structural markings are considered very attractive. 
other masonry structure the Catskill work has been more successful 
the standpoint the material used. 

The East View Concrete. Disintegration—From Kensico Reservoir, the 
aqueduct turns toward the city with cut-and-cover and short pressure and 
tunnel sections with comparatively little incident beyond the occasional un- 
certainties regarding the quality the rock the encountering excep- 
tional decay and disintegration. Elmsford Tunnel north, long: stretch 
of. excessive decay introduced the usual difficulties construction. The 
only unusual feature, however, sufficiently 
in. many other places, warrant special attention, was the East View 
Tunnel, about midway between East View and Kensico Reservoir. After 
this tunnel was completed and had stood for some time, was discovered 
that, along considerable stretch roof and side-wall, the concrete lining 
was badly disintegrated. Patches were discovered that had completely softened 
and, few places, parts fell from the roof. was found, however, that 
the trouble was not general, suggesting that there was some particular cause 
connected with the ground itself, rather than any fault construction. 

‘The aggregate used the concrete this tunnel included great deal 
limestone. the time construction, the suitability limestone 
gate was questioned, because this tunnel was put under comparatively 
little pressure and there was thought particular from the sur- 
rounding conditions. investigation the condition the concrete, 
was found that many these limestone fragments had been completely 
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stroyed. The experiments this tunnel further emphasized the unsuitability 
limestone for concrete aggregate under miscellaneous uncertain condi- 
tions, especially there any probability acid waters coming contact 
with the concrete. 

investigation showed that the waters trickling into the tunnel the 
part affected were charged with sulphates destructive chemical 
action. Examination rock that had been thrown out from the tunnel and 
from the borings made this part the ground showed large quantities 
iron sulphide constituent. Blocks that had been the surface 
since construction were badly oxidized and showed abundant development 
sulphate iron which had been accompanied the production free 
acid. spoil bank this kind material had been thrown out 
the surface almost directly over the most seriously affected part the 
tunnel. From these facts was concluded that the real cause the trouble 
lay the oxidization the sulphide content the rock, and the opening 
underground escape for the downward circulating water which therefore 
could leach these soluble matters out the rock dump and reach the tunnel 
immediately below with the result continuous destructive attack the 
tunnel lining. Study the methods overcoming the trouble emphasized 
the difficulty removing the cause. was finally decided reinforce the 
weakened part lining with different material. Accordingly, brick lining 
was put and all voids were filled with cement grout for distance about 
2000 ft. 


Tue City 


The aqueduct reaches Hill View just outside the northern boundary 
New York City Elevation 295. this point, equalizing reservoir with 
capacity 900 000 000 gal. located, which distributes directly the city. 
After exhaustive study alternative methods deep pressure tunnel was 
adopted extend from Hill View southward through the city Brooklyn, 
This was become the trunk line from which water could taken many 
points. finally worked out, the water was also carried Staten Island 
and the Borough Queens means steel pipe extensions, The adoption 


tunnel plan emphasized the matter natural ground conditions and 


made imperative conduct extensive investigations. manner 
which these were co-ordinated with the other engineering studies forms 
instructive illustration the manner which the Catskill Aqueduct project 
was handled. 

thorough preliminary engineering and geological study was made before 
any steps toward were taken. Taking into account chiefly the 
engineering works already place New York City and the known difficulties 
due city development, three trial lines were laid out the engineers between 
the starting point and objective Brooklyn. this stage, the geologists 
were asked make the surface conditions along these three lines 
and the adjacent ground considerable distance each side. was 
then necessary decide whether shift any one the lines would 
materially these conditions. After careful study was found that 
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reasonably clear choice line could made, but that certain unfavorable 
features could avoided shifting somewhat from its original course. 
The choice was based ground conditions, without sufficient knowledge 
other factors certain that this new course would practicable from 
engineering standpoint. Therefore, went for the second the 
Engineering Staff for consideration, with the result that minor modifica- 
tions were suggested for re-study. These modifications were found gen- 
erally consistent with the geological conditions, and, thus, with very little 
additional modification, the course that the aqueduct should take through 
the city was tentatively established. 

These preliminary studies were sufficiently detailed determine the 
points uncertainty that would require active exploration, the nature these 
uncertainties condition, the purpose these additional investigations, and 
something the amount exploratory work required. All the exploratory 
work was done borings, but conditions were discovered, after the course 
was fixed that required material shift the line. 

conducting these the following general 
questions were kept actively the foreground: 

the character the rock along the projected conduit 
the proposed depth? 

2.—Is the depth proposed appropriate one for pressure tunnel this 
character 

3.—Does the character the rock vary sufficiently affect the cost 
the safety the tunnel, and would anything gained either respect 
change of.position change depth? 

principles are most fundamental weighing the and 
judging these points? 

5.—What are the most questionable points the proposed tunnel and 
where exploratory work necessary determine the local conditions fully 
enough satisfy the needs this project? 
borings other field investigations should made determine 
the facts about the uncertainties along the line.and make certain the 
practicability the pressure tunnel 


Geological Formations New York City.—The variety rock types within 
the city limits somewhat greater than along the remainder the aqueduct, 
ing the nature all the local problems. Originally, these three formations 
above the other great thickness, but they. are now folded 
together closely that the parts exposed after long erosion stand almost 
edge. this account the formations appear the surface long strips with 
general northeast trend. The bottom and the top formations are more 
sistant erosion and weathering than the one between them. result, 
the major topography Manhattan and all the regions lying north 
the East River and Long Island -Sound have parallel ridge 
topography consistent with Narrow valleys the depressions 
lying this’ structural are underlain most cases the 
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softer rock (limestone) and the ridges are either one the other the two 
resistant members. These formations are: (1) the Manhattan schist the 

top the series; (2) Inwood limestone, the intermediate member; and (3) 

the Fordham gneiss, the basal member. 

Originally, these formations were sediments varying from sandstones and 
limestones simple mud shales. Now, after long metamorphism, these are 
gneisses, marbles, dolomites, and schists, each type presenting many varia- 
tions.in and quality. The Manhattan schist, the youngest 
member, essentially mica schist. usually comparatively coarse and 
flaky structure and inclined crumpled and somewhat bunchy. 
impregnated with igneous material which gives the rock bunchy appear- 
ance introduces stringers dikes pegmatite. Rock this formation, 
because made very durable minerals and has structural habit 
that makes it. work massive form with reasonable satisfaction, has 

The Inwood limestone coarsely limestone, 
depth, the rock sound, but the surface crumbles readily under weather- 
ing influence and comparatively easily eroded. Therefore, these belts 
limestone are the lines depression the local topography. the general 
principle that limestones all grades are less stable where solution 
possible than rocks made crystalline silicates, was considered that long 
stretches the Inwood limestone should avoided possible. 

The Fordham gneiss black and white banded rock, made chiefly 
schistose and granitic bands. some places much granite occurs this 
formation, such the “Yonkers gneiss”. the Brooklyn side, another 
posed durable material, but account its strongly banded structural 
habit, tends break into slabs, thus introducing behavior somewhat more 
troublesome than that Manhattan schist. 

Principles Judgment.—At least one other structural feature must 
considered. This crush zone fault zone along which movement has 
taken place and along which rock broken weakened enough encourage 
deeper decay and alteration than other places. the surface, these 
weakness lines are depressions. Relying such knowledge 
the importance these conditions was appreciated the inception 
the following principles were accepted suitable guides, 
both the matter choice location and exploration: 

tact between two formations, this likely zone weakness under- 
ground. 

Second.—Nearly all fault lines and crush zones are also special 
weakness, and this account desirable avoid them the 
Principle 

behavior the Inwood limestone more uncertain 


possible. 
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simple igneous units such the Yonkers gneissoid granite 

and the Ravenswood granodiorite are probably more uniform and consistent 
their behavior under tunneling than any other formations, because their 
simple character. For somewhat similar reasons the Fordham 
gneiss and the Manhattan schist may considered comparatively satisfactory 
formations, although neither them uniform structure the other 
two. 
the lines contact between the several rock formations 
and along crush zones, superficial decay and disintegration much deeper 
than other places. These places are practically the only points which 
construction difficulties are likely encountered. They are also the 
chief points where the inflow water and falling rock may expected 
greater than usual. 

deepest erosion, marking pre-glacial stream channels, 
expected also along the lines contact and along the crush zones. The 
depths that these stream channels may reach cannot determined without 
exploration. The positions the most important spots, however, are indi- 
cated with reasonable accuracy that exploratory work can confined 
definite places. 

overlying glacial drift variable, but, for the most part, 
very porous and water-bearing, especially where heavy cover expected. 
This condition factor importance considering methods con- 
struction. 


Tunnel Location.—Basing judgment the advantages and disadvantages 
the trial lines the principles just stated, reasonably clear that 
one the three original alternative lines had decided advantages over the 
others the proportion better grade rock and avoidance question- 
able zones. One the lines had unnecessarily long stretch the lime- 
stone formation. second had considerable length across part New York 
City where the underground formations are wholly obscured drift. the 
whole, the advantage seemed lie with the trial line that was located 
farthest the west, running from Hill View southward past Jerome Park 
Reservoir, crossing the Harlem River and running almost the entire length 
Manhattan Island before crossing Brooklyn. 

this connection, all the exploratory data available the city were 
re-studied and new geologic map was made that part the city within 
reach the project. This map showed considerable differences from 
the standard geologic map Folio the Geological Survey, some 
the points being regarded very radical changes. guide location 
studies the contact lines between the several rock formations were re-drawn 
accurately possible, and special attention was given lines structural 
weakness and depressions the rock floor marking pre-glacial drainage. 
The course the City Tunnel was based these studies. Although this gen- 
eral location was made before additional exploratory work was undertaken, 
new conditions were discovered sufficient importance require material 
modification. The question depth, however, was not settled until the 
exploratory data from the borings were available. 
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Questionable detailed studies the ground along the course 
adopted for the City Tunnel, became certain that, for the greater part 
the distance nearly miles, the geological conditions were fully deter- 
mined and satisfactory that exploratory work would necessary. 
Ordinary geological interpretation also reasonably established that long 
stretches ground, even where direct observations the bed-rock were not 
frequent, would not present conditions sufficient uncertainty warrant 
extensive investigation. four points, however, was realized that not 
only were the actual conditions unknown, but the evidence indicated greater 
probability weakness than other places. was also expected that 
places the rock floor would deeply eroded and show structural weaknesses. 
These spots would probably control the depth the tunnel and determine 
the difficulties construction. was advised, therefore, that these points 
should thoroughly explored. These four places were: 
vicinity the Mosholu Parkway; 
Harlem River crossing; 
125th Street cross-town depression and its extension south- 
ward Central Park; and 
lower East Side from the Bowery across the East River 
Brooklyn. 


Certain surface conditions suggested the probability cross-zone 
weakness Mosholu Parkway. This was not expected much im- 
portance the others, because the very substantial Yonkers gneiss type 
rock. Explorations, however, showed satisfactory conditions this point 
the dépth adopted. 

the Harlem River, the tunnel would cross from Fordham gneiss through 
the Inwood limestone the Manhattan schist. This was known 
line depression and weakness, and, although the geologic structure 
general was well established, the exact conditions had determined 
the basis which the depth the tunnel could fixed. Explorations 
were conducted, therefore, sufficient detail determine the exact boun- 
daries the formations and their condition, particularly the contacts. 

The 125th Street cross-town depression prominent feature, and 
was appreciated the beginning that structural weakness such 
crush fault-line zone. Explorations this point extended from 125th 
Street southward and showed the correctness this interpretation. The 
earliest borings indicated not only that crush zone conditions existed, but 
that the rock floor was eroded Elevation The 125th Street depression 
one the deepest erosion lines within the limits the city, and much 
more pronounced than the course the East River. Exploratory work, car- 
ried southward the vicinity Morningside Park, far 110th Street, 
indicated somewhat less prominent weakness extending parallel the con- 
taet the formations with comparatively deep erosion also along that line. 
was partly avoid the worst conditions this zone that the tunnel 
was turned eastward 106th Street instead 110th Street. Explorations 
enabled accurate map the boundaries the formations made and 
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the major structural features were determined. was these findings that 
determined the course the aqueduct and its depth. 
The lower East Side the East River Section also required extensive 


study, partly because the greater extent unknown questionable ground, 


the entire lack outcrops, and the dearth earlier exploratory data. Nearly 
all the distance between the Bowery and the Brooklyn side the East River 
required detailed exploration. had always been assumed that the East 
River follows zone of. considerable weakness change formations. 
The revised map threw considerable doubt this assumption and the. ex- 
plorations proved also that the bed-rock condition the East River south 
30th Street Brooklyn Bridge comparatively simple and sound. 
little farther the west, however, between Forsythe and Clinton Streets, 
lies belt ground which great complexity structure and very deep 
decay were discovered. 

This decay and disintegration were found extend extraordinarily deep. 
The rock floor reaches Elevation 200 and below Elevation 100 for nearly 
the whole distance. this section the rock floor, the deepest part more 
than 100 ft. deeper than the East River itself. Doubtless, the pre-glacial 
drainage was through this territory across the lower East Side instead along 
the the East River. The present course evidently con- 
trolled the accumulations obstructing glacial drift which filled the old 
channel more deeply than some the adjacent ground, that when post- 
glacial drainage was finally established, the new watercourses differed from the 
original 

Additional exploratory work was done certain other points the 
projected line check interpretations and basis for speci- 
fications. Three the four sections originally chosen for detailed investi- 
gation proved the critical and controlling ones determining the 
nature the most questionable conditions encountered deciding 
the depth the tunnel. others were even construc- 
tion, great significance. 

Depth comparatively sound conditions the 
northerly portion the line the Harlem River made possible con- 
struct the tunnel moderate depth, about Elevation 150, that. point. 
The controlling feature the next section, however, was the Harlem River, 
and showed weakened condition the rock Elevation 160, was 
decided place the tunnel through this portion about 350 ft. 
below tide level. Fig. geological profile the Harlem River Tunnel, 
the Catskill Aqueduct, showing the penetrated. 

the 125th Street depression, pre-glacial erosion extends depth 
200 ft. and the rock is. somewhat became necessary, therefore, 
place the tunnel still deeper. ‘It was finally located about Elevation 
the quality rock improved, and the floor was much shallower for 
many miles south, the design adopted allowed the tunnel rise incline 
Elevation 250, and this level was maintained far south the vicinity 
complex conditions.of the lower East Side, and the East River. The 
ground the Side, which showed pre-glacial erosion deeper than 
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Elevation 200 and weakened rock condition and decay Elevation 
600, was regarded questionable its behavior both for construction 
and permanence that was determined depress this section Elevation 
700 order reach firm rock. the Brooklyn side the East River, 
the tunnel grade was raised again Elevation 250 the terminal. 

Fig. shows the rock 700 ft. beneath Delancey Street. This rock 
Inwood limestone, with complicated folding, crumpling, and faulting, and 
cut through granite dike. The folding characterized remarkable 
crumpling varying from small plications few inches great arches 
such form the major ridges the island and indicating former deforma- 
tion the rock considerable magnitude. Much trouble may experi- 
enced tunnels through folded rocks they show marked fracturing, and 
careful attention must given such cases the geological structure. 

Observations the results construction and operation indicate that 
the deeper positions are the most successful. Athough Elevation 700 would 
doubtless excessive for the whole tunnel, the success the work the 
East River, together with difficulties that arose certain the shallower 
sections, have led the conviction that the tunnel nowhere placed too 
deep. There are weaknesses all types rock, and not the average 
condition but the weak spots which control the efficiency the conduit 
under operating conditions. The behavior the rock formations under 
construction and operating conditions has shown that the limestone forma- 
tion the depth the tunnel has been satisfactory type rock, much 
more than was expected. The difficulties expected from were perhaps over- 
stated, because its behavior the surface. There reason believe 
that those parts the tunnel where limestone forms the walls will much 
less successful and permanent than other parts. 

The banded Fordham gneiss formation has some places proved un- 
satisfactory rock for tunneling, because its tendency break out 
slabs more extensively than either the limestone the schist. The schist 
which ordinary exposure strongly foliated, has proved satis- 
factory formation. Its crumpled nature and the fact that the schistose struc- 
ture stands high angles the ground, coupled with the additional fact 
that the tunnel sufficient depth avoid superficial weaknesses, has 
furnished almost ideal rock conditions. This rock could broken very 
true the required lines, and seldom presented structural difficulties 
dangerous ground. 

Considerable difficulty was experienced driving through those rocks 
that exhibited strong tendency break into thin slabs, especially when this 
condition was developed rock that lay nearly flat crossed the tunnel 
very slight angle. The Fordham gneiss presented these conditions, and 
occasionally, the other formations. Where crush zones were encountered not 
only was the ground dangerous for working because the tendency 
blocks drop from the roof, but some places the inflow water and 
the disintegration the rock exposure gave additional construction 
culties. 106th Street, where the tunnel crossed known fault line with 
wide crush zone, the rock did not present any unusual features when the 
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tunnel first penetrated it, except that broke out small pieces. Later, 
after exposure, the walls the tunnel showed extensive disintegration and 
softening. 106th Street, heavy steel shell was placed for 110 ft. through 
the crush zone. 

worse condition far excavation was concerned was the crush 
zones beneath the 125th Street depression, and somewhat similar conditions 
were encountered the vicinity 146th Street. these places, the rock 
was broken more blocks than 106th Street and these blocks would drop 
out. the vicinity Jerome Park and elsewhere, some the joints 
the rock were water-bearing, one which furnished for time much 
500 gal. per min. was thought first that this might connect with the 
reservoir, but the later behavior seemed indicate that the chief water 
supply was local and connected only with the open joint the rock 
and the overlying soil. 

Along the course the joint systems considerable prominence 
were encountered many points. rule, these joints were not 
heavily water-bearing, but was recognized that water would lost through 
them, unless they could closed. When the hydrostatic test was made 
leakage developed near Madison Square, New York City. This section was 
repaired lining the tunnel for some distance with sheet copper and 
grouting the rock joints. other sections the tunnel have thus far 
weaknesses this kind and its operation considered successful. 


DEVELOPMENT 


Water from the Catskills carried Staten Island steel pipes from 
Shaft 24. was laid through ‘the silt New York Bay The 
Narrows. short tunnel serpentine rock conducts the water Silver 
Lake Reservoir the high ground Staten Island. The bed-rock serpen- 
much fractured the surface, and complex internal structure, but 
essentially substantial and water-tight moderate depth. The exposed 
parts are considerably broken and allow the circulation water through the 
network fractures joints. This rock, however, with drift, 
which part heavy substantial till and part assorted gravel and sand. 

The site chosen for the reservoir that original natural lake. 
is, however, glacial deposits, and: explorations showed that 
these deposits, both the southerly outlet and the westerly side, are com- 
paratively deep and variable quality. The borings, however, indicated such 
portions, that was thought practicable depend this ground hold 
water. The dike the westerly outlet was constructed with that 
reached bed-rock, but did not extend the distance across the depres- 
sion. The southerly outlet was that attempt was made put 

Some leakage developed under operating conditions; both the west 
and the south, the water travels roundabout way through the inter- 
locking irregularly distributed porous parts evading the more 
substantial dikes and impervious material. Undoubtedly, greater 
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reliance was placed the quality the drift and the water-tightness 
the floor than conditions warranted. 


Originally, the development undertaken the Board Water Supply 
included project for the development additional supplies from Long 
Island sources. For many years the City Brooklyn had secured part 
its water from surface streams and wells many miles beyond the city limits. 
was intended develop the underground supply Suffolk County and 
considerable progress was made before restrictive legislation caused the tem- 
porary abandonment the Long Island project. 

Underground supplies alone were sought, which, was expected, might 
increased obstructing the run-off from some the small streams: 
such way give greater opportunity for the water soak into the 
soil. The essentials this project, therefore, have with the quantity 
and behavior recovery ordinary well waters and the underground con- 
ditions which govern them. 

The coastal plain formation Plate XXIII, together with the 
glacial deposits Long Island, overlie the ancient rocks and contain the 
porous members which are the main sources water supply. 

Immediately beneath the glacial drift Long Island are series sedi- 
mentary sands and marls, and clay dipping gently toward and beneath the 
sea. This whole series, turn, lies uniform base crystalline rock, the 
old eroded surface which slopes the same direction. None the over- 
lying strata extends farther inland than Long Island Sound and only the 
lowermost reach that far, because later erosion has beveled across these beds, 
that the glacial drift were scraped off, one could walk across the exposed 
layers one after another from Long Island Sound the ocean. Thus, all 
them are open the entrance percolating water along their entire land- 
ward extension. 

All the layers are heavily covered, however, with glacial drift including 
mixed morainic materials and immense quantity assorted gravel and 
sand. This glacial drift practically covers everything Long Island, and 
its extreme porosity, which its most striking characteristic, also most 
important factor the problem water supply, ordinary rain water 
soaks into and through this drift cover and enters the underlying beds 
great quantities. All these materials, both the glacial drift and the under- 
lying sedimentary beds, are water-bearing, but because their irregular sur- 
face and porosity, the depth permanent water differs considerably. 

Water obtained from these underground sources comes both from the 
drift and from the sedimentary beds many different levels. Most the 
supplies used are shallow and belong chiefly the glacial drift. Deeper wells 
penetrate successive water-bearing sedimentary beds; some which furnish 
high grade and abundant particularly prominent 
grade water known the “Lloyd sand”, which one layers, 
and penetrating this stratum sometimes give flow. Many 
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the strata are too closely textured permit ready movement water. 
All the waters are surface rain water origin. None them comes 
from distant sources and the supply limited the quantity such per- 
both the north and south margins the island, salt water 
encroaches the fresh-water supply, the encroachment depending the 
quantity withdrawal. 

The method development, therefore, involves the sinking wells into 
these water-bearing materials and developing this important supply. large 
project would necessarily remove considerable the underground water 
and would lower the ground-water level the points extraction. This 
feature was emphasized the objectors the plan, who finally caused tem- 
porary abandonment the project. The ground-waters Long Island are 
high grade and large supply could made easily available. near New 
York City, and development would cause minimum disturbance other 
kinds ownership and interest. Ultimately, this source will used much 
larger scale, the city’s demands grow. the only near-by source any 
consequence and also the only one capable large development small 
expense. The conditions governing this supply and the methods recovery 
and control are certain receive great deal attention the near future. 
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TESTS CONCRETE SEA WATER 


TECHNICAL PRESENTED THE ANNUAL CONVENTION, 


the summer 1901, the writer was frequently the Charlestown Navy 
Yard, and observed the building Pier No. The concrete, which this 
pier was constructed was mixed dry that, when was tamped place, 
water showed the-surface. few years, this pier showed serious 
defects, and the writer and his associates discussed with various engineers 
the cause this early failure. Many reasons were advanced, but con- 
clusion was reached. This discussion was broadened through the technical 
press without obtaining satisfactory answer, and was finally decided 
investigate the cause. After extended publicity and correspondence, series 
twenty-four test specimens, in. sq. ft. long, were made various 
qualities cement. Three different proportions cement, sand, and broken 
stone, and three different quantities. water were used. These specimens 
were made during the first two weeks January, 1909, and immersed 
the sea the Charlestown Navy Yard, the last week 

They were suspended that more than ft. each specimen the top 
would seldom wet and, presumably, never whereas about 
ft. projected below mean low water, and, therefore, would never uncovered. 

The details the making, the progress, and the reports the condition 
these specimens have been described pamphlets entitled, “Aberthaw 
Tests on. Sea Water”, issued 1914 and 1920, respectively, 
number articles the technical press, and most fully Bakenhus, 
Am. Reference made these sources for full details. Only 

Pres., Aberthaw Constr. Co., Boston, Mass. 


Continued from August, 1922, Proceedings. 
Transactions, Am. Soc, E., Vol. LXXXI (December, 1917), 
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such extracts from those data will made are necessary this 
paper intelligible. 

After 13} years study these specimens, the writer believes possible 
make some tentative deductions the cause failure and suggestions for 
design make future structures nearly possible proof against 
disintegration sea water. 

The conditions Boston Harbor are probably severe any harbor 
the United States. The specimens are subjected considerable tide run, 
attacked waves, abrasion from floating objects, freezing during severe 
winters, and attack from impurities, chemical otherwise, present sea 
water. 

April, 1914, the Navy Department put into commission fuel-oil pipes 
adjoining these specimens. Oil spilled the sea has heavily coated them 
from near their tops low tide. The writer believes this coating retards 
the action the sea water and, therefore, will lengthen the time required 
for this test, which, however, will not destroy its value. 

low tide, May 22d, 1922, the writer made examination the 
specimens. appreciable change could observed from the condition 
described the 1929 report the Aberthaw Company, and the order 
deterioration was that given Capt. Bakenhus his report 
1917. 

Two the twenty-four original specimens, Nos. and have been lost; 
and five are poor condition and may considered have failed. These five, 
which are Nos. 11, 13, 22, and 23, were made 1:3:6 concrete. Capt. 
Bakenhus makes nine classes, degrees, failure, placing No. the 
worst class, Nos. and next the worst, that is, Class Nos. and 
Class fair condition. 

Specimen No. was mixed dry, whereas the other specimens were mixed wet. 
Specimens Nos. and show some deterioration. Nos. and are rich 
proportions, but mixed dry, whereas, Nos. and are and wet 
mixtures, but lean proportion. The remainder, Nos. 10, 12, 14, 
15, 16, 17, 18, 20, and are fairly good condition. 

May 24th, 1922, Specimens Nos. 11, 22, and shown Fig. were 
removed for testing. No. was made three average, normal Portland 
cements, Vulcanite, Alpha, and Giant, equal parts, thoroughly mixed, and 
then repacked bags for use mixing the concrete. No. was made 
Blane (white Portland cement), very wet. No. was made 90% the 
same cement No. and 10% hydrated lime, very wet. No. was 
made cement like that No. plus Sylvester solution soap and alum, 
very wet. 

When the specimens were removed from the water they had, the tops, 
about in. gummy, sticky adhesion fuel oil and dirt, which, toward 
the low-water mark, became thinner with harder, somewhat glossy surface. 

could noted below the low water-line, but the specimens were 
coated with live mussels, which indicated that the impurities the water were 
chiefly the surface and were kill marine life. 
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Some the specimens had previously been cracked being removed from 
the water and some pieces that broke off the cracks showed slight 
brownish discoloration, which indicated that the oil had not penetrated very 
deeply any volume into the cracks. evidence penetration oil 
below the surface even the poorest specimens could detected fresh 
fractures the concrete. was not more than in. deep. 
all these specimens, the parts most damaged, namely, those near mid-tide, 
showed rather disintegrated and soft concrete. 

The specimens were cut approximately square faces, the length the 
test pieces being more than twice the width the cross-section. The steel 
reinforcement was cut off and burned below the surface. The test pieces 
were then faced flat surface resembling terrazzo. 

The top end Specimen No. was short and badly cracked that 
was impossible obtain test piece larger than about in. in. 
All the others were the full cross-section and about ft. long. 

‘Through the courtesy Professor Hayward, Am. Soc. E., 
they were tested the Massachusetts Institute Technology June 7th, 1922. 


TABLE 8.—ACTUAL BEARING AREA TEST SPECIMEN. 


No. piece. Bearing. square square inches, 


Bottom 


Bottom. 224 222.5 
piece blotting paper was placed top the first specimen and 


under both ends the remaining specimens. From the impression made 
these sheets, was possible obtain the net bearing area and the character 
the bearing. The edges the test pieces were irregular and, some, 
the corners were broken that would have been difficult ‘to obtain the 
bearing area direct measurement. Table given the average bearing 
area each end, which area approximate only, and the writer convinced 
that too large, rather than too small. The specimens were tested only 
the point failure. Cracks appeared longitudinally, and formed roughly 
two prisms the shape hour-glass. steel that was exposed 
after the tests, appeared bright. Specimen No. the most porous one, 
was broken after the test, that the reinforcing bar was removed. With the 
exception three spots about in. diameter which showed rust, the bar 
was entirely This bar was from tlie lower end the specimen which 
had been immersed for years. 
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For chemical analysis, sample was taken from the top the specimens, 
one from the lower corner the bottom specimen and one from near the 
center. Mr. Herbert Sherman, cement chemist, co-operated with the 
writer making chemical and physical analyses the cement the making 
the specimens. 

After careful and complete analysis three samples each from Speci- 
mens Nos..7 and 23, and thorough study the results, Mr. Sherman reports 
that impossible draw any conclusions, 


TABLE 9.—CRUSHING LOAD SEA-WATER TEST SPECIMEN. 


Load, 
Original cross- Area, Actual Total square 
section. 
15% 1.80 207.5 100 235 0.92 
Kottom 15% 16% 1.80 212.5 562 100 645 
oo, 16%6 by 16% 1,82 8214 226.5 391 600 1730 0.91 


The result the crushing test given Table The original cross- 
section copied from the earlier report, and not scaling the specimens 
the present time. will noted that the normal mixture concrete 
shows results good could expected any concrete this mixture 
and will noted also that the lower end each the four specimens 
was stronger than the upper end. 

Omitting Specimen No. from which only small sample could tested 
and which, therefore, may not directly comparable with its own bottom, 
the other three show the strength the top about 92% that the 
bottom. This indicates that there common law the condition the 
concrete when permanently wet compared with dry. 

The following summary tests concrete mixed dry, plastic, and 
wet, four brands cement, cured air for 1.6 1.75 years given for 
comparison with laboratory specimens. The data these specimens, which 
were 12-in. cubes, was taken from the Annual Report the State Engineer 
New York for the fiscal year ending September 30th, 1897. Fifty-two speci- 
mens were crushed the Watertown Arsenal, the dry specimens being 
stronger than those from plastic wet concrete: 


Highest crushing strength per square inch.........2 887 


1912, the writer built, Portland Harbor, fish pier that consists 
wharf, supported concrete piers about ft. square, with heavy floor form- 
ing the wharf platform, which fish house was built. Most these piers 
were built inside coffer-dam, and, therefore, were cast dry and allowed set 
‘more than month before being subjected the tidal action the sea. 
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The two rows piers nearest the shore, being out water except during 
high tide.and never being immersed more than about ft., were cast between 
tides. examination these piers was made May 25th, 1922, which 
time they were ten years old. the piers cast within the coffer-dam appeared 
first-class condition, whereas those cast between tides showed some 
signs deterioration below high-tide line. 

1902, series concrete specimens was made order test the pro- 
tection steel from corrosion. The concrete was 1:3:6 proportion, with 
the expectation that would porous. The blocks were in. in. 
long, and had square twisted steel bar, in. long, through the center, 
that projected both ends. 

Fort Warren, the War Department, immersed one series these speci- 


mens sea water and, after years’ testing, the remainder this series 

The second series was given the Chief Engineer the Metropolitan 
Sewerage Commission, and were immersed trunk sewer. After seven 
years, the remainder this series was lost. 

The third series specimens was buried ground that was always damp 
and times was saturated with water. After being twenty years the 
ground specimen from this series was removed and split open. The steel 
was bright every specimen all three series where the cement was close 
contact with it; rust was present where there were voids. When the bars 
were originally embedded, they were coated with hard rust, but scales. 
These results indicate that cement will protect steel from corrosion unfavor- 
able conditions. 

Although not time draw final conclusions from these series tests, 
and although the series not sufficiently comprehensive prove general rule 
for all cases immersion concrete sea water, thought that some 
conclusions are now justified, and ought helpful those designing 
marine structures. 

appears, first, that the mechanical action the elements much more 
vital than the chemical action. The densest specimens show the least wear. 
The porous specimens which were built with the expectation that they would 
soon disintegrate, have done so. 

Chemical action must considered. The specimens which the cement 
was low alumina, both lean and rich mixtures, are good condition. 
Those that had foreign ingredients (Nos. and 23), hydrated lime and 
Sylvester solution, show serious weakness, whereas one specimen containing 
clay filler make the concrete dense, still quite good condition. 

The question the quantity water used mixing must considered. 
paper* Mr. Dan Patch, photographs are shown the specimens 
arranged three horizontal rows, the order the quantity water used 
mixing, and superimposed curve showing resistance compression and 
wear determined the Research Laboratory the Lewis Institute 
Chicago, The condition the specimens shown these photographs indi- 
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cates that those containing from 10% water are better physical 
condition than the very dry the very wet specimens. 

good workmanship observed the placing concrete forms, excess 
cement and mortar brought the surface and produces which, 
until abrasion has removed it, resists very well the action sea water. 
The concrete not durable resisting wear this skin. 

Specimens made the poorer materials, which fail the earliest their 
lower portions, due tidal action, have proved durable permanently 
immersed. explanation the reason for the upper end the specimen 
showing less strength than the lower end may due part the matter 
suspension. order handle the specimens readily, square twisted 
steel bars were extended about in. from the surface the full length opposite 
corners. the center the specimen, hole was cored into which was grouted 
hook with shank about ft: long, which the specimens were suspended. 
The weight the specimen produces tension about 100 per lin. in. 
the upper ft. This may have produced porosity, invisible cracks, 
through which weathering took place. The upper end was subjected yearly 
variations temperature probably 100° changes 
many degrees within few hours—at times film ice the surface, 
and slight degree abrasion floating objects the water. 

seems safe conclude that rich concrete made from good quality 
cement, normal composition, low alumina, and the material 
thoroughly mixed, using 10% water, and placed the dry with careful 
spading assure dense surface, that durability sea water can assured 
unless the specimen subjected considerable abrasion, which case would 
wise face the concrete with protective coating within the limits the 
rise and fall the tide. Below low tide, and above high tide, concrete 
described practical, satisfactory, and proper building 
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TENTATIVE PLAN FOR THE CONSTRUCTION 
780-FOOT ROCK-FILL DAM, THE COLORADO RIVER, 
LEE FERRY, ARIZONA 


Discussion.* 


perhaps the most useful appliances engineering, now that water power has 
become such prominent branch that science. They have been used 
India for long time, the up-stream face being staunched depositing, first, 
stone one-man size, then macadam size, and, finally, sand. Two parallel 
rock-fills with earth center, used Panama, splendid arrangement. 

Kenora, Ont., Canada, there rock-fill dam with sluice-ways closed 
movable stop-logs. was built the late Sir John Kennedy, Am. 
Soe. E., years ago, the granite rock being deposited the rapids with- 
out particular care. The up-stream face neither paved nor staunched, and the 
leakage has remained about constant. The slope through the dam extends 
from the water surface above about ft. higher than the surface the 
water below. The head ft., the slopes are 1:1, and the width ft. 
above water ft. 

The Georgian Bay Canal Project, Ottawa River, included many large 
rock-fills which are described the Report for 1908 the Public Works 
Department Canada. connection with the Ottawa River storage, 
rock -fill dams were built from 1909 1912. 


This discussion (of the paper Rue, Am. Soc. E., published April, 

1922, but not presented any meeting the Society) printed Proceedings 

order that the Views expressed may brought before all members for further discussion. 
Ottawa, Ont., Canada. 
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the foot Quinze Lake, the dam more than mile long and ft. 
high middle channel. The embankment was made from each side and 
closed mid-stream with flow 5000 sec-ft. running. rocks were 
carried down stream first, but soon they came rest and others jammed 
against them, until gradually the fill grew stream. Part the dam, more 
than ft. high, was deposited swamp. The slopes are 1.5:1, with 
width ft. ft. above full reservoir. 

Kipawa River, the north end the lake, rock-fill was deposited 
across crevice the granite about 100 ft. wide, through which sec-ft. 
poured rapid. the south end Kipawa Lake, another rock-fill, 500 
ft. long, was deposited bare rock. attempt was made staunch any 
these dams. the north end Kipawa Lake, the leakage 300 sec-ft., 
and the south end about 200 sec-ft., the maximum head approximating 
ft. 

the Timiskaming Dam, four concrete sluice-ways were scoured under 
during the spring flood 1912, and the piers settled down into sand pocket. 
Satisfactory repairs were made filling the gap with rock. The depth 
was ft. and the head about ft. Down stream from this dam, flow 
000 sec-ft. scoured out hard boulder bottom depth ft. below 
the sill, for width 400 ft. This was filled with 30000 cu. yd. loose 
rock, into which the next high flow scoured ft. depth. Loose rock was 
again used for filling, and further scouring has not taken place. 
tions these works are given the Ottawa River Storage Reports the 
Public Works Department Canada, for 1913 and 1915, which, although out 
print, are available libraries. constructing the branch the Canadian 
Pacific Railway from Toronto north Sudbury, rock embankments were made 
sink into muskeg swamps with considerable certainty alignment. 

rock-fill becomes part the geology the country, will not over- 
turn nor slide its base, and will stand over-topping for some time. 
immensely strong, but leaky. staunch the face, the voids should 
gradually reduced with stone decreasing macadam size and then covering 
earth should applied slope from 3:1 7:1. Brush mattresses 
are not desirable for staunching, they bridge voids and eventually break 
suddenly. Frank, Alberta, Canada, the great rock slide, miles long and 
miles wide, occupied the whole bed the middle fork the Old Man 
River. Without gathering much head, the small river, however, has been able 
seep through. 

great rock-fill dam might constructed across the St. Lawrence River, 
near Riviére Loup, requiring cu. yd., which could deposited 
after twin locks, similar those Panama, had been built Hare Island. 
The sluice-ways pass 800000 sec-ft. could also constructed the dry 
before any rock was deposited. This would bar out the tide, leaving the upper 
river fresh water, with current the outward direction only. There would 
more tidal fluctuation choking tide-borne ice, and 40-ft. depth, 
without flooding, would secured. similar manner, rock-fill, 400 
500 ft. wide top, could built across the Hudson River between New York 
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and New Jersey, which would keep the river constant level far 


Albany, 


proposal dam the Colorado River artificially creating enormous 
Jandslip from the canyon walls. Except for the artificial feature, the proposal 
not without precedent. 

The same thing occurred naturally the Birahi-Ganga, small 
stream India. this case, the dam was about 900 ft. high, 000 ft. wide 
the base, and ft. wide the top. The catchment area above the dam 
was small, about sq. miles, that the discharge cannot have been very 
great. Nevertheless, the dam went out soon was topped. 

view the author’s proposals for staunching his dam, interest- 
ing learn that the Gohna Lake Dam, referred to, leaked 350 sec-ft. long 
before was topped. full account this failure has been 


Warner,§ Am. Soc. (by author presents 
plan for rock-fill dam 780 ft. high and greater magnitude than any dam 
which there record. The type proposed archaic, developed when low 
first cost was necessity, which necessity does not exist the case under 
consideration. 

The profile, Fig. conservative; the notation “rock-fill made im- 
pervious” reminiscent “let there light and there was light”. With this 
notation effect, and the author’s statement that there shall overtopping 
the dam flood waters after the dam completed, not apparent why 
the toe should carried mile down stream. The profiles rock-fill dams 
illustrated the “Design and Construction Dams”, Edward Wegmann, 
Am. Soe. E., show such exaggeration the down-stream slope. 

The first step construction drop cu. yd. into the 
bed the stream, making dam 250 ft. high, “this will settle ft. through 
sand and silt which will forced up”. The probability that this settlement 
will does not seem great. Much greater, however, the probability that, 
says, flood 100 000 sec-ft. will strew his rock down stream leaving 
dam 100 ft. high; the “blessing disguise” part the operation “leaving 
solid foundation which seems somewhat problematical both 
the “blessing” and the “solid foundation”. The next step dropping 000 000 
cu. yd. one shot, top the first 1000 000 cu. yd., “thus forming mud- 
bank immediately stream” and “cutting off the irrigator’s supply for from 
days” until the mudbank overtopped and washed away. The author 
states that “this might result serious damage the crops, and under- 
standing should made with the irrigation interests that they may take 
proper steps protect their crops”. does not suggest arrangement; 

Chf. Engr., Lethbridge Lethbridge, Alberta, Canada. 
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could take two forms, namely, the purchase the crops 400000 acres 
cost not much excess his estimate the cost rock-fill dam, 
supplying water from some other source. Neither these alternatives seems 
quite practicable, so, perhaps, best content with the possibility 
that the “mudbank” will not form, or, does, will not make the complete 
closure suspected it. 

The author’s estimate cents per cubic yard for blasting 50000 000 
cu. yd., seems low when viewed from the cost explosives alone, and 
his expectation landing his rock where wants it, without rehandling, 
negatived his later statement that “it impossible deterniine just how 
the rock will 

author “believes the dam can made water-tight”, and states that 
“there will always seepage through the dam”. secure water-tightness, 
assumes that the graded material, later introduced, find its appointed 
place structure extending miles along the river. Perhaps will; who 

The author concludes that the dam will cost little more than half that 
concrete dam, the cost which places $50000000. Having assigned 
000 000 the cost the rock-fill, would interest know what 
items enter into the remaining $20 000 000. 

final, or, perhaps, more properly, first point the matter the 
author’s design and construction methods, there nothing advanced satisfy 
done with the money his people are asked furnish; insists facts and, 
times, declares can furnish his own opinions, which, being his own, satisfy 
him. That his opinion would unfavorable rock-fill dam, 780 ft. high, 
certain, even conceding does the writer, that water-tightness not, 
beyond reasonable limits, absolute necessity. 

His opinion would likewise unfavorable concrete dam similar 
height, since the unit stresses*in the concrete would exceed the present limits 
good practice. The only dam that will meet his approval, gravity type, 
the lower section which will mammoth rubble laid cement mortar and 
carried point where concrete can safely used. The author’s splendid 
monograph “Colorado River and Its Utilization”,* furnishes data which point 
lesser height dam than that proposed this paper. 

The mean annual flow the Colorado Lee 000 000 acre-ft., 
but order satisfy fully all irrigation needs, acre-ft. are re- 
quired. The storage 000 acre-ft. will give proper regulation and, with 
dam approximately 450 ft. high, p., which about California’s 
present total hydro-electric installation, can developed. 

The present and future value property below Lee Ferry makes imperative 
the adoption dam the gravity type, because the only type which 
will have the approval the farmer, the bond-buyer’s engineer, and the Federal 
and State regulatory bodies. The writer holds firmly the opinion that 
arch dam can designed and built, which will secure against failure 


Published Water Supply Paper No. 395, the Geological Survey. 
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the gravity dam, but consideration this type precluded the fact that 
agreement this opinion not had from the several parties interest. 

the author finds less constructive criticism the foregoing than asks 
for, may find contentment this, that both and the writer are dealing 
largely opinions matter which greatly transcends present knowledge; 
hence, each may hold his own without undue prejudice. 


engineers the West are keenly interested the deliberations the Colorado 
River Commission which, under the leadership Herbert Hoover, Am. 
Soe. E., has accomplished, during the recent months, great deal toward 
smoothing out the conflicting interests the various border States interested 
the control and utilization the waters the Colorado River. view 
the fact that, providing adequate reservoirs for storing the flood waters 
the river the various excellent reservoir sites the main river and its 
tributaries, enough water appears available satisfy, every State con- 
cerned, all reasonable claims for irrigation and power for generations come; 
hoped that the Colorado River Commission will soon successful 
initiating the construction large dam this river. 

present, about 000 000 acre-ft. water, out average 000 000 
acre-ft., wasted annually into the Gulf California. This would 
water irrigate least 000 acres land addition the area already 
irrigated from the river. According the author, “more than 000 000 continu- 
ous horse-power may developed between Green River and Boulder Canyon.” 
Such figures should convince one that most the present quibbling, with 
regard sacrificing the rights certain States for the benefit others, has 
few engineering facts which rely. 

Mr. Rue’s excellent paper will welcomed many engineers, 
affords opportunity discuss the feasibility large dam the Colorado 
River. The thorough investigation the whole project, made the 
Reclamation Service, and more particularly. the surveys and borings the 
Boulder Canyon Dam site, would appear have furnished already enough 
information warrant the conclusion that the construction high dam 
across the Colorado River feasible. 

The author suggests the construction rock-fill dam blasting down 
the canyon walls. order that the discussion might based definite 
dimensions, chose the Lee Ferry site, without, however, advocating this 
any other specific project. 

The suggestion blasting enormous masses rock from both sides the 
canyon walls fascinating, but might prove dangerous experiment 
stupendous scale. There exists precedent which rely. All the 
evidence that may gathered from past experience with rock-fill dams would 
indicate almost certain failure. The writer unable agree with the 
statement Mr. Rue, that (in case flood 100.000 sec-ft. passing 
over the dam depth ft.), believe that after the flood, the 
dam would retain height 100 ft. above the average low-water level, seems 


Engr., Beckman and Linden Eng. Corporation, San Francisco, Calif. 
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more reasonable than that all would carried away. the 
past, whenever water has overtopped rock-fill dam for ft., even less, the 
dam almost invariably was destroyed. The erosion, which may assumed 
have started the crest, increased the depth and, therefore, the velocity the 
flowing water. Since, the author states, weight bodies that 
can moved current varies the sixth power the velocity *”, 
the erosive action the water overtopping rock-fill dam increases 
tremendous rate, and soon will move also the largest sized rocks, inasmuch 
the waters the reservoir are discharged addition the flood flow that 
started the failure. Fig. view from the new Lower Otay Dam, down 
the canyon through which the waters passed, that, 1916, destroyed the former 
rock-fill dam. The photograph was taken the writer early 1922 and 
clearly shows the lighter colors the deeper parts the canyon, the side walls 
which, for miles, were stripped every loose particle, down smooth solid 
rock. The force the water will appreciated from such view. From 
description the failure the Lower Otay Dam,* appears that the reservoir 
40000 acre-ft. capacity. was emptied hours. This corresponds 
average flow nearly 200000 sec-ft. for hours. addition, the run-off 
from the water-shed amounted about 35000 sec-ft. The maximum flood 
peak was, therefore, probably excess 300 000 sec-ft., and the water rushed 
down the canyon with average velocity about ft. per sec. 
again the possibility the Lee Ferry dam being overtopped during con- 
appears doubtful more than perhaps few the largest blocks the dam 
would stay within the area the foundation. 

Assuming, however, that the unfinished dam would retain height 
100 ft. after the flood, may well consider also the effect the water 
that would released from the reservoir between the 100- and 250-ft. level. 
The.reservoir capacity between these two levels several million acre-feet, and 
most this water would released during the first day, producing, together 
with the assumed flow 100000 sec-ft., flood peak, below the dam, 
probably more than 1000000 sec-ft. The effect such flow the 
Imperial Valley and the bottom-lands along the Lower Colorado River would 
disastrous. 

However, might perhaps possible devise program construction 
which water would prevented from overtopping the dam. The question 
then narrowed down the problem making the dam water-tight during 
construction, well afterward. 

Mr. Rue suggests blasting about 000 000 cu. yd. rock into the river 
channel with the first discharge mines located both sides the canyon. 
hardly can assumed that this large quantity rock would settle and 
spread evenly across the whole river, form more less level barrier 
about 250 ft. height, which would the object this first operation. 
the 250-ft. level, the canyon about 600 ft. wide, and, unless great quantity 
excess powder used, the blasted rock would probably slide down the sides 
the canyon, instead being hurled distance between 300 and 700 


Geological Survey, Water Supply Paper No. 426, 25. 
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measured horizontally, the location where the designer the dam would like 
drop. The danger evidently exists continuous low channel -being 
formed approximately along the axis the canyon through which the 
water might escape and destroy the dam before the level the reservoir had 
reached the spillway tunnel. rock-fill dam the dimensions suggested 
the author would doubt stable was possible make the dam water- 
tight, least reduce the velocity water percolating through the dam 
that would not start erosion and blow-outs. 

Past experience with earth and rock-fill dams has shown that, general, for 
dams considerable height, this possible only lining the up-stream face, 
providing water-tight membrane, such concrete steel sheet core- 
wall, puddle clayey material, etc. 

The author believes that “with the river under control the rock-fill can 
made water-tight sluicing fine material into the The 
method proposed ingenious. However, combination unforeseen condi- 
tions, such arching the loose material within the dam, and consequent 
abrupt and uneven settlements from the weight the added rock the build- 
ing the dam, might rupture the originally water-tight sand and silt cover 
and blow-out might follow with disastrous consequences. The Colorado River 
silt remarkably water-tight even layers few inches, the silt 
precipitated from still slowly moving water. However, the water attains 
velocity ft. per sec. more, erosion takes place with great rapidity. 
Such action might occur silt membrane, the up-stream face the pro- 
posed dam, was ruptured abrupt settlements within the dam. 

Furthermore, must considered that, even should possible, 
sluicing, make the dam water-tight for working head of, say, 200 300 ft., 
the possibility still remains flow and erosion starting when the water 
the reservoir would rise 600 700 ft. above the stream bed. The water 
pressure the bottom the full reservoir would 700 per sq. 
about 800 per sq. in. Such pressure considered conservative engi- 
neers the limit for good masonry dams, and probably few 
designers would rely layer wet sand and silt sustain safely such load. 

would seem, therefore, that the construction rock-fill dam the 
Colorado River involves number rather doubtful features which, during the 
construction the dam, would hardly conducive sound sleep the 
part the responsible engineer, the people living below the dam. 

Arthur Davis, Past-President, Am. E., Director the Reclama- 
tion Service, his report Congress, has demonstrated that the construction 
masonry dam the Colorado River safe and feasible. Hardly any 
dangers life and property the Lower Colorado River are involved the 
construction masonry dam, and the final designs may show such struc- 
ture less costly than rock-fill dam. 

The problem solved, therefore, which various sites should 
such masonry dam built? Under present conditions, such dam has 
serve three purposes: flood irrigation, the development hydro- 
electric power. 
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Flood control the Lower Colorado River urgently needed. The great 
snowfall the winter 1921-22, over the drainage area the river, may 
produce 1922-23 exactly the dangerous conditions which the inhabitants 
the Imperial Valley are afraid and which such dam would almost com- 
pletely eliminate. 

Even permitting the upper States all the freedom desired the irriga- 
tion any all their land that may entitled that susceptible 
irrigation from this source supply, enough water would still remain 
irrigate 1000 000 000 acres additional land Arizona, California, 
and Mexico. 

Between 500 000 and 1000 000 hydro-electric horse-power may developed 
economically by-product. This more than the market may possibly 
absorb for many years within economical distance distribution. According 
the author’s figures there are, addition, more than 4000000 
capable development between Green River and Boulder Canyon, enough 
for generations come. view these facts, hoped that the 
various States concerned will soon come together for united action and empower 
the Federal Government proceed with the construction dam the 
Colorado River. The embracing maximum part the water-shed afford 
the greatest possible protection from floods, the closer proximity the large 
area irrigable lands, and the closeness the market for power, all favor the 
building dam the Boulder Canyon site. this dam built, possibly 
the experiment constructing rock-fill dam Lee Ferry may under- 
taken, suggested the author. this construction was undertaken when 
the Boulder Canyon Reservoir was purposely nearly empty, great damage 
might occur the Lee Ferry rock-fill dam should suffer blow-out during 
construction. 

The writer particularly interested the problems the Colorado River 
for the reason that believes has solved part what might called the 
problem the Lower Colorado River below Boulder Canyon. the 
present time, was believed many engineers who investigated the lower 
course the river, that was not economically feasible build high dam 
across the river for power purposes. The reason for the negative result 
these investigations lies probably the fact that bed-rock, the deepest point 
the river channel, more than 100 ft. below the present stream bed. 
Furthermore, the flow the river seldom less than sec-ft., and floods 
200 000 sec-ft. may expected almost every year. 

About miles above Parker, Ariz., the solid rock banks both sides 
the Colorado rise about 100 120 ft. above the river bed and are 700 
apart. Through the protruding rock hills the Arizona side, proposed 
cut channel about 250 ft. wide, somewhat lower than the present river 
bed, and, means coffer-dam, divert the flow the river during the 
construction earth and rock-fill dam across the main river channel. After 
the main dam has been completed the crest and spillway sec-ft. 
capacity excavated favorable location the California side the river. 
the temporary diversion channel may closed concrete arch dam, the 
foot which the power-house might built. The main would 
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about 100 ft. high, would the earth and rock-fill type with con- 
crete core-wall reaching bed-rock double row sheet-piling prevent 
through the dam. 

With load factor 70% and the quantity stored water available 
between the sill the spillway and the crest the 15-ft. gates top the 
spillway, about 100 000 could developed. The remainder the reservoir 
thereby assumed silted up. The intake the turbines will through 
the arch dam, thus affording minimum cost installation and maximum 
degree efficiency for operation. the tail-race the power plant, part 
the water discharged the turbines may taken canal and used for 
the irrigation about 120000 acres land short distance below the dam. 
Complete plans for the irrigation this land were prepared some time ago 
the Indian Service. 

The temporary diversion channel would require the excavation about 
yd. rock, which part might used the construction 
the main dam. 

Thus, the somewhat unusual method diverting mighty river into 
new channel, then building, without any undue risks, dam across the main 
channel, and closing afterward the temporary diversion canyon concrete 
arch dam, under the most favorable conditions rock foundation and side 
abutments, safe and economical solution, part, the problem the Lower 
Colorado River effected. 

further interest note that the proposed reservoir near Parker 
would afford excellent opportunity for temporary flood control for Imperial 
Valley during the construction the Boulder Canyon Dam. The time re- 
quired for building the Boulder Canyon Dam may years, while the dam 
Parker could constructed within less than years. The capacity the 
Parker Reservoir about acre-ft., and the silt deposits from the river 
may reduce this capacity about 100 000 acre-ft. per year. the dam will 


used later mainly for creating head for the power plant, the silting process 
the reservoir minor importance. 


Kirk (by the extensive surveys the Colo- 
rado River the Geological Survey 1921, the writer was detailed 
conduct geological work the vicinity Lees The results this 
work, far they affect the building dam Lees Ferry, are pre- 
sented herewith. The paper Mr. Rue has raised definite questions 
the solution which the geologic facts are pertinent. 

Rocks rocks the vicinity Lees Ferry are sedimentary 
character and form great beds like material that are persistent com- 
position over large areas. The character these rocks shown Table 

The distribution these rocks shown the geologic map, Fig. from 
which also the reader will able locate various features the topography 
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EXPLANATION 


Brown slabby 
sandstones 


Jurassic 


Navajo sandstone 
and Wingate ss. 
of Gregory 


Massive tangentially 
cross-bedded sandstone. 


Chinle Formation 
Red ss. and shale above 
variegated ss. and 
below. 


Shinarump 
Gray conglomerate 
and sandstone 


= 


Unconformity 


Moenkopi Form. 
Red sandy shales with 
gypsum and sandstones 


Unconformity 


Kaibab Limestqne 
Yellow and gray cherty 
limestone 


Permian 


Coconino Sandstone 
White and gray cross- 
bedded sandstone 


Hermit Shale and 
Supal Formation 
Red shale, sandstone 
and limestone 

SCALE MILES 

Base Geological Survey 

Echo Cliffs Quad, 


Pennsylvanian 
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Fic. CANYON, FROM NEAR LEES FERRY, SHOWING THE VERMILION 
CLIFFS AND TOPOGRAPHIC EXPRESSION FORMATIONS DISCUSSED TEXT. 
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which are discussed subsequently. Fig. shows the formations from the Kai- 
bab limestone the top the Jurassic sandstone with the characteristic topog- 
raphy each formation. 


TABLE 


General Section Rocks near Lees Ferry. 


Brown thin bedded sandstones and shales. 
(Wingate and Navajo Gregory). Massive tangentially cross- 
bedded red buff sandstones. parting visible the center, 
Jurassic...... but upper half has lenses dense gray limestone in. ft. thick 
intervals and near the top, nodules limonite the size peas 
are common. the Vermilion Cliffs the upper distinctly 
color. 
Chinle formation (Upper Triassic). 
Blue, green, and red shales; white, gray, purple, and red sandstones; 
and cherty limestones. Upper part Chinle formation consists 
heavy bedded sandstones and red shales. Lower part contains 
wood. 
Shinarump conglomerate (Upper Triassic?). 
conglomerate with lenses sandstone and much fossil 


wood. 
Moenkopi formation (Lower Triassic). 
Red sandy shales and thin bedded sandstones with seams gypsum. 
places has beds red and gray sandstone thick, and 
one ft. gypsiferous limestone. Base, generally, 
ft. chert conglomerate. 
Kaibab limestone. 
limestone with numerous more less rounded nodules 
chert. 
Coconino sandstone. 


cross-bedded massive sandstone. 


Hermit (?) shale. 
Red shale and sandstone. 
(?). (Not observed). 


Supai formation. 500+ 
Red shale with beds blue limestone. observed 


and Pennsyl- 


Permian 
vanian 


these formations, the sandstones the Jurassic Age form high and con- 
spicuous Echo Cliffs, Vermilion Cliffs, and Glen Canyon. many 
places also, the almost sheer cliff continued downward the ledges red 
sandstone and intervening shales the upper part the Chinle formation. 
general, however, the Chinle formation forms ragged badlands con- 
cealed below the débris from the overlying cliffs. The Shinarump conglomerate 
commonly forms cliff and sustains platform which lies like fret the 
base the walls the overlying formation. places, however, this con- 
glomerate thin wanting and the badlands the Chinle formation merge 
into the topography the underlying Moenkopi. The red sandy shale and thin 
sandstones the Moenkopi formation usually stand corrugated cliffs under 
the protection the Shinarump. The Cherty Kaibab limestone 
forms the top the extensive plateaus that bound the Marble Canyon 
Colorado River southwest Lees Ferry. Within Marble Canyon, the Kalibab 
forms succession cliffs and often sheer cliff down the Coconino 
sandstone, which turn persistent cliff maker. The Hermit shale 
and Supai formation series cliffs and talus slopes down 
the great cliff the Redwall limestone which not exposed within the area. 
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General rocks which have been described the preceding 
section are affected two structures which are importance the dis- 
tribution the rocks and also affect the problem constructing dam Lees 
Ferry. The Echo monocline extends from the Painted Desert about miles 
south Lees Ferry through Lees Ferry and dies out the north. Along this 
structure, the beds have dip the east about 10° over zone from 
miles wide. East and west this zone the beds lie horizontal nearly so. 
consequence this monoclinal fold, each bed stands from 1000 


Power 


TRUE NORTH 
Top of cliff and canyon 
wall, 


Fractures and joints; 
lines show direction 
not precise position. 


SCALE IN FEET 


ft. higher the area west the monocline than the area the east. 
Erosion has proceeded such manner strip from the area west the 
Echo monocline most the formations down the Kaibab limestone. The 
Echo Cliffs mark the zone where the folding most. intense. The second 
structure importance the general regional northerly dip. conse- 
quence this structure the Echo Cliffs and Echo monocline fade out the 
north. The inclination the beds due this structure from 
and more noticeable west the Echo monocline than east it. 
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has stripped all the formations the top the Kaibab limestone far 
north the base the Vermilion Cliffs. Lees Ferry lies the angle between 
the Echo Cliffs and the Vermilion Cliffs. the Ferry, the beds are dipping 
about 10° eastward. East the Ferry, they are horizontal nearly so. West 
Lees Ferry the base Vermilion Cliffs they dip about the north. 

Character the Rocks the Dam Ferry dam site, recom- 
mended Mr. Rue, lies the first bend the river stream from Lees 
Ferry. Fig. the distribution the rocks shown larger scale. The 
map redrawn from the map made the Geological Survey 
1921. The straight reach the river which the dam site located 
the massive sandstone. The only available site for the 
power plant is, however, west the ferry area underlain the Chinle 
formation. The Echo monocline crosses the area about the center line 
the first loop the river. West the lines showing the Echo monocline 
fracture system Fig. 11, the rocks dip about 10° the east. East these 
lines they appear horizontal nearly so. Construction then, far 
the dam itself concerned, has deal only with the massive sand- 
stone. This sandstone unusually massive, having few joints and relatively 
few bedding planes. Almost all the sand grains are quartz, imperfectly 
rounded, but without sharp edges. According Gregory,* the Navajo sand- 
stone upper member the standstone here treated, consists 
sand grains two sizes. Grains 0.15 0.25 mm. make 90% the 
rock, other grains, averaging 0.65 mm. diameter, form interrupted coat 
the The sandstone somewhat loosely cemented 
with carbonate. addition the lime cement, the sandstone con- 
tains iron oxides which give red buff color and places, especially near 
the top the formation, these oxides are concentrated nodules concre- 
tions about the size peas. places the Navajo country, the cement 
siliceous. intervals through the sandstone are beds limestone from 
in. thickness, and these beds fade out laterally short distances. The 
limestone gray and crystalline and, far known, unfossiliferous. The 
most striking characteristic the massive sandstone its cross-bedded char- 
acter. The are from in. thick and consist sand grains 
two sizes, the finer grains which make the bulk each lamina being sepa- 
rated from the next lamina layer larger grains. These cross-lamina- 
tions extend across the face the rock groups great curved lines that are 
generally tangent the curve lower groups the bedding planes. The 
cross-lamination grand sweeping curves being from 200 ft, 
more, length. The sandstone places has tendency split parallel 
these other places, the rock uniform strength that 
erosion produces rounded forms. addition the features just described, the 
sandstone cut vertical joints the strongest which strike generally 
northwest direction. These joints divide the rock into great plates along which 
erosion most effective. Fig. the author’s paper, these joints may 
seen the left hand east side the dam site. spacing the joints 


Paper 98, 1917, 58. 


Proceedings, Am. Soc. E., April, 1922, 841. 
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the greatest importance. some places they are from ft. apart 
and the walls are very sheer and straight. other places, for distance 
100 200 ft., the joints are close together, being from ft. apart. 
these places the walls are irregular and are cut back narrow, steep-sided 
and side canyons. Fig. the general direction these joints 
shown diagrammatically and the parallelism the minor canyons with the 
joint system brought out. Folding along the Echo monocline impressed 
the rocks another system vertical joints that has northerly trend. 
Fig. the author’s paper, the rocks the right foreground have 
schistose appearance which due this north-south system joints. 
Fig. this belt joints shown diagrammatically. These joints are the 
nature fault fractures due the elevation the western part the region 
with respect the eastern. places the fractures are close together and 
other places widely spaced; they branch, fork, and interlace. Some them 
are small faults. These joints are filled crystalline calcium and 
iron and manganese oxides. 

The rocks the dam site are essentially uniform character from the 
water level the top the cliffs. The advantages and disadvantages are 
thus equal for any height dam which may constructed. The crushing 
strength the rock low, but the fact that stands great walls state 
nature indicates that its crushing strength ample for high structure. 
However, rock-fill dam, proposed, some the blocks will forced 
bear very heavy loads while resting point rather than flat surface. Such 
rocks will undoubtedly crushed, and Mr. Rue correct assuming that 
there will large amount adjustment load rock-fill dam com- 
posed this material. This crushing and adjustment, however, will tend 
compact the structure. The presence streams water when such adjust- 
ment taking place, will doubtless carry away the fine débris and tend 
prevent the closing cavities. 

According Mr. Rue’s proposition, expected blast down the 
material from the cliffs form the dam. The rock, however, unusual 
a.type that number problems will arise this connection. The writer 
with the assistance Mr. Frank Mitchell made one test shot. small 
amount blasting was also done the installation cable for stream 
gauging. This limited experience indicates that the massive but porous sand- 
special problems blasting. The quantity powder neces- 
sary and the best type holes galleries for loading this powder will have 
determined experimentally. should also pointed out that the east 
side the dam site affected vertical joints which strike diagonally the 
cliff face. These joints will have large but unpredictable effect the 
The west face the dam site from the center line south similar 
east side, but from the center line north the rock the north- 
south system joints referred previously. The blasting this locality may 
more difficult than other places, but the action will somewhat 
different and probably the chunks obtained will smaller. seems therefore 
necessary recommend that preliminary work done rather large scale 
determine what the exact conditions blasting will be, before the first 
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great blast which Mr. Rue proposes raise the dam 250 ft. above river 
level. When these experiments are conducted will possible obtain 
data two important questions. One these the size blocks which can 
obtained blasting and the other the quantity fine material which 
will produced. seems obvious that will necessary have very large 
blocks the down-stream side this proposed dam during the period when 
not yet water-tight. unknown quantity fine material will produced 
during blasting and the fall blocks. Nature, very large blocks can fall 
the full distance from the top the cliffs the bottom without breaking, but 
the fact that such blocks are found does not indicate how many similar blocks 
have been crushed this same fall. 


Massive 
= Jurassic 
Sandstone 


Paria River cong. 


Location the detailed plans which may 
adopted, tunnels may need driven the line and shown 
Tunnels along the line, either for diversion the river during 
construction permanent wasteway after construction will driven 
through the massive Jurassic sandstone entirely. Large tunnels can con- 
structed minimum expense because the ease drilling the rock and 
its massive character will require support for the roof. However, 
unless the velocities the tunnel are low, concrete lining will necessary 
prevent wear. seems likely also that there will losses the adjacent 
porous sandstone the water the tunnel under great pressure and that 
this water percolating through the sandstone may eventually find work out 
channels large enough produce serious losses from the tunnel and direct the 
water toward inconvenient places. Locality tunnel may required 
tunnels carry water the power-house will certainly built here because 
the flat, east the present ferry, the best not the only available power- 
house site. The geologic section, Fig. 12, shows the character rock which 
will encountered various elevations. The folding along the 
monocline brings the lower formations river level and above the west 
flank the ridge. Tunnels low elevations from the massive Jurassic 
sandstone the east into the red sandstones and shales the upper part ‘of 
the Chinle formation and thence into the cherty limestone and soft shales 
the middle this formation. Tunnel construction the middle the Chinle 
formation will require thorough support for the roof and permanent concrete 
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lining. The red sandstones and shale the upper part the formation will 
probably present difficulties during construction, but lining will required 
the Jurassic sandstone. The location tunnels the lower elevation 
becomes then engineering problem relative cost short tunnel 
and elevation 650 ft. will required for carrying water the power 
plant. These tunnels will wholly within the Jurassic sandstone and require 
comment either their construction location. 

the assumption that the water-tight dam elevation 
720 ft. constructed the straight stretch river east Lees Ferry, con- 
sideration was given the problem leakage. The west wall the reser- 
voir relatively narrow, but the massive Jurassic sandstone cut numerous 
sealed joints, mentioned previously. considered that these joints will 
form fairly perfect obstacles percolation. Similarly, the folding which has 
carried the Chinle formation elevations about 500 ft. the west side 
the ridge near the present ferry has laid dam rather tight rocks the 
path percolating waters. the east side the dam the reservoir wall 
formed the massive Jurassic sandstone. The minimum distance through 
this wall about 6000 ft. certain amount direct percolation through 
the pores may expected. Most the leakage will, however, 
occur along vertical joints. However, the direction these joints, shown 
Fig. 11, nearly right angles the direction this flow. consider- 
able leakage should take place through the sandstone and large springs break 
out below the toe the dam and the canyon Locality seems unlikely 
that such leaks would affect the stability the canyon wall. 

Depth the River depth the water during mean high 
water the gauging station above Lees Ferry ranges from ft. The 
bed the river composed largely sand. Near the margin the channel 
are numerous large rocks which have fallen from the cliffs. Many these 
seem relatively stable position and not easily dislodged floods. 

practically impossible predict the distance bed-rock such 
channel. the river has cut its bed normally, the thickness gravel and 
sand will only that scour and fill during great floods. Such scour and fill 
should relatively moderate amount, but unpredictable quantity. 
The Shinarump conglomerate crosses the river channel west the ferry (see 
Fig. 11). Mr. Rue believes that bed-rock extends across the channel this 
point low water. this ledge exists, then there has been general silting 
the channel. the dam site there may be, however, hole deep the 
rock bed the river due the presence fossil plunge-pool. plunge-pool 
over-deepening the stream bed occurs all falls and seems possible, 
although there direct evidence, that the Glen Canyon Colorado River 
was cut back head-water falls from the line Echo Cliffs eastward. 
the falls receded, successive plunge-pools would filled with gravel bring 
the river uniform grade. seems necessary for the determination the 
depth bed-rock proceed the usual manner drilling. 

Observations the Scheme for Rock-Fill Rue’s scheme 
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material during construction, bold solution the problem for dam 
Lees Ferry. The difficulty obtaining suitable material well the isola- 
tion the locality required such solution, and the author com- 
plimented his originality and vision. advance building such dam 
may assumed that the thickness and character the sand and gravel above 
bed-rock will have been determined and that experiments will have been con- 
ducted determine the best method blasting the massive sandstone walls. 

Fine material for filling the interstices the dam can, according Mr. 
Rue, found stream various sand-bars and banks. roadway 
the canyon impracticable and the navigation the canyon attended with 
some difficulties, even with the assumption that preliminary blasting will raise 
the water level and pond the water for distance miles. Another 
source fine material was therefore sought. The Moenkopi formation consists 
largely sandy shale and might make suitable material for filling such dam 
except for its rather high content gypsum and other soluble salts. Con- 
tinual solution this material would make ineffective filler for small 
spaces. Similarly, the base the Chinle formation, consisting gray, green, 
_and blue shales, suitable that clayey, particularly where weathered. 
but this formation also contains considerable quantity soluble material. 
Systematic sampling and some simple laboratory work might show that these 
clays could used. The upper part the Chinle formation consists heavy, 
bedded, earthy sandstone and sandy shales, and this part the formation 
appears rather free from salts, but exposed cliffs that can 
not easily quarried. therefore occurred the writer that the hetero- 
geneous landslide material the south bank Colorado River opposite the 
ferry the general locality marked Fig. 11, might suitable source for 
part this material. The material has been position for some time and 
the soluble matter has doubtless been leached out. There also large sand 
dune which free soluble matter. installing crusher and mixer, the 
surface this slump landslide area and the dune could stripped with 
steam shovels and crushed, obtaining result mixture disintegrated 
shale and leached sandstone which would have texture similar loam. 
Loaded into cars this material could brought across the river and carried 
the top the bluff inclined railway. The use this material depends 
its relative cost. 

seems probable that blasting the cliffs large quantity fine material 
would obtained which, unless precautions are taken, likely lost. 
preliminary the large blast, which raise the dam 250 ft., 
small low dam thrown across the river slightly below the toe, the dam 
would then built slack water and much more fine material would saved. 

Mr. Rue’s scheme generalized, and has assumed that blasting the 
cliffs would produce relatively even crest line any given point the dam, 
but should borne mind that the material will slide into the dam site 
the manner series talus cones and the low point the dam any cross- 
section will near the center line the river. The difficulties may visual- 
ized consideration the cross-sections shown Fig. 18. Line 
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the center the dam proposed Mr. Rue, and the other lines the 
uper and lower points, respectively. Cross-section slope has 
been projected. possible that the material when blasted will slide into the 
lower part the canyon this slope, unlikely that the heap loose 
material will stand this slope. seems more likely that will assume 


boundary 


Chinle 


Top 


Chinle 


slope between and degrees. The existing talus which occurs intervals 
along the canyon walls doubtless has the minimum slope. Three talus cones 
shown the large topographic map the dam site have maximum slopes be- 
30’ and 33° artificial cones will less stable and will prob- 
ably have coarser material. Overtopping the dam during construction 
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serious matter the water will concentrated V-shaped trough near 
the center line the dam, because the maximum velocities will thereby 
obtained. may, therefore, necessary hand-place considerable part 
the material near the longitudinal center line the dam, blast excess 
material that the center line will the required height. 

Materials for local materials available for general con- 
struction purposes are considered the following paragraphs. 

The Coconino sandstone, Hermit (?) shale, and Supai formation are ex- 
posed only the Marble Canyon its tributary canyons. The eutcrops are 
inaccessible that these formations may dismissed sources material. 

The Kaibab limestone exposed over large areas southwest Lees Ferry, 
and there are numerous places where quarrying can done economically. 
The formation about 250 ft. thick and consists almost exclusively yellow 
limestone with nodules chert. beds were seen which gave any promise 
being valuable for making cement. Dimension stone large small size 
can readily obtained. The hard chert nodules are numerous that the cost 
facing blocks with chisel hammer will large. The rock can con- 
sidered available only for rough ashlar rubble masonry. would, how- 
ever, make excellent crushed rock for concrete macadam. 

The Moenkopi formation sandy shale with interbedded thin sandstones 
and considerable gypsum. valueless for structural purposes. 

The Shinarump conglomerate about ft. thick and forms gray ledge 
above the “dug way” and the ridge the east side Paria 
cross-bedded conglomerate well-rounded silicious pebbles with lenses 
sandstone and small lenses green shale. Fragments fossil wood and logs 
trees are abundant. This conglomerate hard and durable, has widely 
spaced vertical joints, and excellent rock for rubble Cyclopean masonry. 
somewhat too hard and coarse-grained easily worked into blocks 
uniform dimension. 

The Chinle formation very complex unit consisting gray, green, and 
blue shale below, white and purplish sandstone and limestone and 
shales the middle part, and the upper part massive red sandstones and 
shales. Only the upper part contains material any value for construction 
purposes. The red sandstones have pleasant color, can obtained large 
and small sizes, and are easily worked. They have great crushing strength, 
nor are they suitable for masonry which alternately wet and dry. The. 
best site for quarry obtain these sandstones which might used for the 
construction the power-house the high point south the present ferry, 
where these sandstones dip 10° the east. Small quantities such stone can, 
however, obtained near the power-house site from the adjacent ledges and 
the rocks the talus. 

The characteristics the massive Jurassic sandstone have already been dis- 
cussed. Except for the rock-fill the dam, this rock not suitable for 
construction purposes. 


Large quantities sand and gravel can obtained from the bar the 
mouth Paria River about mile west the ferry. 
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Davis,* Past-Preswent, Am. Soc. (by first 
proposition known the writer for constructing high dam large stream 
alluvial bottom dumping loose rock into the flowing water without 
diverting the river excavating the foundation was made the late 
Menocal, Am. Soc. E., Chief Engineer the Maritime Canal Com- 
pany, who proposed such operation for dam about ft. height 
San Juan River, few miles below the mouth the San Carlos point 
Ochoa, where the river forms the boundary line between Costa Rica and 
Nicaragua® The following extract from prepared Mr. Menocal for 
the Water Commerce Congress Chicago 1893 describes the dam and 
method construction: 


“It consists dumping from aerial suspension conveyor large and 
small material properly assorted, across the river from bank bank until 
barrier created sufficiently high and strong arrest the flow and hold the 
waters the required level, the body the dam made large blocks 
stone, weighing from tons, and smaller material fill the voids. Its 
base will quite broad compared with the height, probably from 400 500 
feet between the foot the upstream slope and the end the apron. The top 
estimated feet wide, the rock upstream slope and the apron, 
the upstream side small material, such stone, fragments gravel, clay, 
selected circumstances may require, will deposited the work ad- 
vances, sufficient quantity, wanted. not expected even 
desirable have water-tight structure, the object sought being simply 
oppose such obstruction the may necessary hold the 
waters the required level. The minimum flow the river about ten 
times the water needed for working the canal. Consequently, nine-tenths 
can wasted with advantage. That the dam will eventually become tight 
there can doubt, the small drifts and detritus forced the current 
will gradually fill the voids and consolidate the structure. 

“The method construction will quite simple. After protecting the 
abutments against possible erosion, large pieces rock will dumped the 
bed the stream from three four cableways spanning the valley. The 
material should distributed uniformly over the area under the main 
portion the dam, stream and keeping up, nearly 
possible, even level. Scouring will soon cause settling the blocks into 
firmer soil, the upper level the meantime being constantly raised deposit- 
ing more stone, while the small material being forced the current into 
the voids, and the overflow dislodging and rearranging the unstable blocks 
until they reach final resting place. This process continued until the 
the bottom becomes great check scouring due maximum 
pressure, when the dam will carried the desired level. The river, 
the meantime running over the mound, will readjust the material and adapt 
the apron the necessary conditions stability withstand the effect 
the fall, and carry off the water safely. the dam then raised 
shut off whole the largest part the river flow, which can that time 
discharged over the waste weirs, the structure will permanent.” 


was proposed that this dam overflow weir, and this feature has 


been generally condemned. 


Received the Secretary, June 16th, 1922. 
Document No. 279, 54th Cong., 1st Session, 53. 
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The Nicaragua Canal Board, consisting the late William Ludlow, 
Am. Soe. E., Mordecai Endicott, Past-President, Am. E., and 
the late Alfred Noble, Past-President, Am. Soc. E., studied the plans 
the company and made the following comments* this design: 


“Tt appears from this account typical existing dams that, although 
rock-fill dams are not new, and although weirs have been built and 
maintained successfully, the Ochoa Dam actually without precedent its 
more serious aspects, and its construction will far more difficult than 
any that have been mentioned. The successful rock-fill dams have impervious 
foundations, and are made water-tight sheathing masonry. The materials 
them are great part hand laid, adding greatly their stability, and none 
them has been built conflict with the forces great river 
intended used weir for the discharge floods. 

“As this last point, the Board clear its judgment that such 
endeavor should made the case the Ochoa Dam, involving 
unwarrantable hazard the safety the structure and the canal 


“The weakest point dam built the company proposes would probably 
the river bank, where the loose rock will meet the steep clay slope. The 
method proposed for protecting this point lines sheet piling and con- 
core seems entirely inadequate. better construction would involve 
the use caisson each side the river, located partly the 
river channel and partly the firm clay bank, and sunk the pneumatic 
process bed rock within reach means, not least below 
reach scour. seems probable that either bed rock mass boulders 
would found near sea level, elevation The caisson should surmounted 
concrete wall, extending the hillside beyond the caisson the highest 
elevation reached the water surface after the completion the dam, 
reach firm material, should excavated the hillside for the core wall. This 
work done, the river banks and hillsides below high-water level should 
covered with heavy mass large stones and additional amount held 
reserve before depositing any rock the river. The result this would 
contract somewhat the width the river channel, which would once 
scour out maintain its normal cross section. considerable scour 
would desirable, because important that the rock mass sunk deeply 
into the river bed, since, rock bed boulders heavy gravel can 
reached, the safety the structure will increased greatly. depositing 
rock the river those methods should used which will induce scour, and 
possibly the building out from each side may best answer this purpose.” 

* * * * * * * * 


“The rock mound would quite permeable, and the water pressure against 
would vary with the volume the make hold water, 
embankment, which would form the real dam, the rock mound serving 
its support, must built the upstream side. proposed make the 
embankment fine stone, gravel, clay, etc., with the view that quantity 
these materials should carried well into the rock mound. embank- 
ment composed largely clay dumped the water would take much flatter 
slope than 3:1. For these reasons the quantity estimated the company 
would have increased largely, and means may have adopted, not 
contemplated the company, render the dam tight enough answer its 
purpose, the permissible leakage much less than the company has assumed. 

“By the addition the embankment, and the retardation friction the 
flow water through the underlying sand bed, the dam will rendered more 


Document No. 279, 54th Cong., Session, pp. 
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secure from undercutting and consequent settlement; but some doubt 
ultimate security will still remain. Confidence would gained 
certain extent during the construction the dam, breaches were 
caused the annual floods, but would require considerable period 
time after the completion the dam allay all apprehension. site can 
found where the dam can built above rock other stable foundation, the 
the structure will rendered much more probable and the 
uncertainties construction reduced. 

“Tf such dam becomes breached with the great volume water standing 
high level against it, destruction would follow quickly. The crest, therefore, 
should raised far above the surface the water the pool that con- 
siderable settlement could sustained without sinking the crest below the 
water surface.” 


should noted that the Board places emphasis the importance 
scour settling the foundation far into the sand possible. also 
noted that this eminent board engineers was doubtful the permanent 
safety dam even this height under these conditions. 

The practical application the method damming large river 
dumping rock bed silt while the river flowed over was made 
the Southern Pacific Company 1906, the spectacular control the 
Colorado River when was flowing into Salton Basin. The same method 
was used constructing coffer-dam across the Colorado River making 
the final closure for the Laguna Dam. neither case, however, was the 
water allowed flow permanently over the rock-fill proposed Mr. 
Menocal, and the rock used was settled deep into the silt the erosion the 
water during construction. 

The author proposes means for effecting water-tight junction between 
the rock-fill and its abutments, and the writer sees effective method 
accomplishing such junction between the proposed silt filling and the rock. 
Under such head, water would follow the rock with velocity likely become 
erosive many points, and thus open avenues danger. The best solu- 
tion seems pavement cemented the abutments with all the 
care and precaution that the highest skill can suggest. Cracks which might 
appear should sealed with cement gun the first opportunity. 

considering the construction loose rock dam Boulder Canyon 
during the past few years the Government engineers and those whom 
have consulted have regarded the settlement the loose rock into the soft 
material deeply possible one the most important and difficult 
operations accomplish, and seems obvious that cannot made per- 
fect without excavating the loose material, but might perhaps with many 
precautions made sufficient extent secure safety. 

The author’s proposal deposit enough rock the river blast 
bring the dam the 250-ft. level seems especially designed prevent any 
water action the direction scour and sinking the rock into the silt. 
says: 


“Tf the canyon walls were blasted into the river, the heavy mass material 
would settle the level the boulders, assumed ft. below the bed 
the river, and some the fine sand and silt would forced up.” 
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reason given for this important conclusion and the methods pro- 
posed seem likely prevent this desirable result. 

this dam were built the methods suggested the author, there 
would considerable part the structure below the river bed founded 
upon sand and silt. the water rose the reservoir after the dam was 
completed, the head this silt would gradually increase and assurance 
could given that critical point might not reached when the reservoir 
nearly full, and sufficient percolation through the foundation might take 
place start erosion and cut channel through the silt. free channel 
ever small, resulting from the slight arching the rock, which would 
conduct water through the sand velocity due more than 700 ft. head, 
would scour rapidly, carrying considerable rock until channel was excavated 
large enough allow the rock above settle, and unless this was accomplished 
one motion the scour would continue until the main rock-fill fell into 
place. was arched sufficiently would not promptly, and the 
scour would continue until the opening would carry flood much larger than 
normal and great damage below. seems however, that 
eventually the rock-fill would fall place and stop this. If, doing, 
should fall below the level the water the reservoir, the dam would 
overtopped. loose rock dam has ever been overtopped without failing, and 
some have failed. None them has had 780-ft. head nor 000 000 acre-ft. 
stored water behind complete its destruction. 

should remembered that the proposed reservoir 50000000 acre-ft. 
has area 235 000 acres, and discharge 1000000 acre-ft. would lower 
the reservoir only about ft. This would afford arf average flow 500000 
for hours. one can doubt that this would destroy the dam faster 
than would lower the reservoir. The writer will not attempt describe 
the results suddenly releasing 50000000 acre-ft: water. would 
least submerge and destroy the great Imperial Valley, and all improvements 
along the Lower Colorado River, and doubtless many lives would lost. 

readily seen that the danger failure and the magnitude the 
disaster are both greatly augmented with the height the dam. This law 
applies especially unprecedented doubtful design. 

Where the necessary structure far exceeds precedent, build any 
higher than needed would inexcusable. The author appears consider 
capacity 20000000 acre-ft. sufficient regulate the river. The 
writer agrees with this estimate, but would provide store 
silt and prolong the usefulness the reservoir. There can therefore 
reason for building reservoir greater capacity than about 
except for the increased head for power development. This site 
remote from markets and much farther than many other available sites 
that there present excuse, and for many years decades there will 
justification, for developing power this point. The available head can 
utilized building dams moderate dimensions other points without 
such unprecedented and hazardous characteristics. 

The author states* that the construction dam near Lee Ferry 
would remove the menace from floods the lower river, except floods 


Proceedings, Am. Soc. E., April, 1922, 845. 


3 
| 


1632 DISCUSSION ROCK-FILL DAM, LEE FERRY, ARIZ. [Papers. 


from the Gila River. That statement erroneous, the, proposed dam would 
leave about 50000 sq. miles drainage area unregulated, besides that the 
Gila. perfectly proper, the author does, except the Gila River, which 
for brief periods sometimes furnishes floods great those the Colorado; 
but the area 50000 sq. miles between the mouth the Gila and Lee 
Ferry should also excepted. Most this area can intercepted dam 
Boulder Canyon, which the lowest point the basin where this can 
done, and accordingly the proper place for storage purposes the floods are 
controlled. 

The author’s Table shows capacity for Lee Ferry Dam 50000000 
acre-ft. and Boulder Canyon 31680000 acre-ft. The results 
the actual surveys were probably not available the author when sub- 
mitted his paper. These surveys have been progress for long time, and 
the results are now available and are shown roughly Table which gives the 
comparative area and capacity for each given height the dam, high 
the surveys have been Boulder Canyon. 


TABLE 


RESERVOIR. GLEN CANYON RESERVOIR. 
Height dam 
bed. 


000 000 100 000 

362 000 000 375 000 

937 000 800 820 000 

200 000 950 000 600 505 000 
250 500 413 000 000 520 000 
300 000 350 000 000 970 000 
400 000 125 000 000 745 000 
450 000 200 000 000 445 000 
500 109 000 175 000 114 000 420 000 
550 132 000 200 000 145 000 895 000 
600 157 000 425 000 178 000 970 000 


Table shows that, for the heights given, the Glen Canyon Reservoir 
would have less capacity than Boulder Canyon. 

dam 780 ft. height Glen Canyon near Lee Ferry would introduce 
not only unnecessary hazards, but would waste large quantity water 
evaporation. reservoir 24000000 acre-ft. capacity Glen Canyon, 
would have area about 125 000 acres, according the available surveys, 
whereas one 000 000 acre-ft. capacity would have surface area 235 000 
acres and unnecessarily expose evaporation acres. This would 
its highest stages during the hot months June, July, August, and Sep- 
tember. Assuming excess area acres, and annual 
evaporation ft. from the extra area, 600000 acre-ft. water would 
wasted annually, all which would lost for use the numerous high dams 
eventually built the canyon below. 

The utter absence anything approaching precedent the proposed 
plans leaves the writer much the same doubts which remained 
the minds the Nicaragua Canal Board previously quoted, and there apparently 
sufficient doubt that would inexcusable attempt such structure 
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where more conservative designs are possible build the dam under these 
conditions any higher than necessary. 

Opinions concerning the safety the proposed design con- 
sidered much value until something known the underground conditions, 
which have not been investigated Glen Canyon. Still less possible, 
under these conditions, make intelligent estimates cost any type 
dam. conditions Boulder Canyon have been carefully investigated, 
and comparative estimates high concrete and rock-fill dams have been made 
men with large experience the construction high dams. These esti- 
mates lead the conclusion that the rock-fill type, with proper precautions for 
safety, could not relied much cheaper than massive concrete 
structure the safety which would without question. 


structing the Colorado River rock-fill dam 780 ft. high and base width 
more than mile novel and bold. has stated the reasons the plan 
should not adopted, when says, “This mass loose rock would not 
water-tight, which feature the most uncertain the plan here presented.” 

The writer believes, however, that his plan might well given further 
investigation with view modifying the design and method construc- 
tion remove this uncertainty. 

There can little doubt that rock-fill dam height proposed will 
stand throughout the ages and will not involve the uncertainty stresses that 
would attend the design solid concrete dam this unprecedented height. 
The only question whether can made water-tight expense that 
will give advantage over solid dam. 

The writer thinks the plan making dam 200 ft. high one blast from 
the canyon sides somewhat fanciful. Under the conditions assumed, viz., 
100 ft. bed-rock and water surface width 450 ft., and further, assuming 
that the canyon sides slope fill that would raise the water 200 ft. would 
have projected area 150000 sq. ft. The finer material would undoubtedly 
washed away, leaving fill composed rocks from the size cocoanuts 
box cars. The voids this mass would least one-third, through which 
the water would readily pass velocity 0.5 ft. per sec. Thus, flood 
from times the summer flow might pass through the fill before water 
reached the 200-ft. level. 

would almost impossible reduce this leakage safe quantities 
any amount blanketing. For instance, for leakage. 500 sec-ft. the 
velocity through the mass would about 0.003 ft. per sec., 250 ft. per day. 
Water travels faster than this natural sand and gravel beds, moraines, etc. 
The first blanketing stones, gravel, and earth would tend fill the voids 
somewhat the up-stream face the fill, but this would reduce the velocity 
that more material would carried into the fill. The leakage there- 
after would become that through the blanket itself, and, although the velocities 
through could reduced very low values, the aggregate amount 
leakage would great account the enormous area exposed the water. 


Cons. Hydr. Engr. (Stevens and Koon), Portland, Ore. 
Received the Secretary, June 17th, 1922. 
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seems the writer that type dam worth consideration would 
combination solid concrete and way suggestion: 
the river means tunnel and coffer-dam the river level. Then 
build solid concrete dam height ft. above the river surface, and 
let this dam form the up-stream toe rock-fill the full height 780 ft. 
The rock-fill faced with pre-cast reinforced concrete slabs anchored 
together form flexible facing the fill and joining with the solid con- 
dam the toe. Heavy eye-bolts should extend through the slabs 


which each could flexibly joined its neighbors. 


After placing, the joints should filled with asphaltum. 

This presupposes that the rock-fill will placed, not dumped, and that the 
up-stream third the dam will essentially dry wall. The slopes the 
fill need not more than 1:1 the up-stream side and 2:1 the down- 
stream side. Just how much the rock-fill should bed-rock, any, could 
only determined after the character the foundations was known. 


much credit for his valuable contributions the knowledge the physical 
features the Colorado River, not only his paper, but recent public 
documents. 

cannot said, however, that has contributed much the knowledge 
building dams great rivers, for proposes plan for building dam 
the Colorado River, which substitutes blind force and haphazard methods 
founded “beliefs”, for technical skill and knowledge founded well- 
known principles. 

The author’s idea blasting the loose-rock portion dam place 
not new, was tried both the Lower Otay and Morena Dams, but was 
not successful. The loose-rock portion the Lower Otay Dam was com- 
posed mass quarry refuse above the steel core, and larger rock below 
that core. 

The author proposes build dam, below which the water allowed 
percolate, blasting rock from the cliffs both sides the canyon. Such 
dam must such length, and down stream, that the underground 
water emerging from its lower toe will not have sufficient force carry away 
the sand silt from the river bed from the interstices the material 
composing the dam. This length depends the kind material composing 
the river bed and, for each material, has definite ratio the head water 
above the dam. For such material that composing the bed the Colorado 
River, this ratio between and 15. The flow water under the dam may 
treated the flow water pipe filled with sand other permeable 
material. 

The water never allowed pass lengthwise through the dam, and 
prevented from doing so, either concrete wall, slope 
impermeable material. The dam itself may either permeable imperme- 
able. the former case, the surface the lower slope must above the 
hydraulic grade line all points. the latter, the impermeable material 
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below the hydraulic grade line must heavy enough resist the upward 
pressure the water, with reasonable factor safety. 

good example the former the Laguna Dam the 
which the ratio length head 13.5, and good example the latter 
the Granite Reef Dam the Salt River Project, built the Reclama- 
tion Service. The Laguna Dam, however, was not built blasting mass 
rock into the river bed, but, like all dams which have stood the test 
floods, the rock was laid place with care. Three concrete cross-walls, each 
ft. thick, and extending across the river bed, from bed-rock one side 
bed-rock the other, serve hold the loose rock place. The top layer 
rock was laid even slope hand and set cement concrete. This 
diversion dam, and only ft. high, from the bed the river the top 
the concrete wall the crest. The dam proposed the author, properly 
designed, would have least 13.5 780, ft. long, and down 
stream, would have volume about 106000000 cu. yd., and require the 
blasting least cu. yd. rock, This material, laid carefully 
the bed the river form stable dam, would probably cost per cu. yd., 
more. 

the rock blasted great masses into the canyon and the river allowed 
“work its sweet will” during the flood season, great deal would 
carried down stream. Much would also sink into the sandy bed 
the river, and year two probably another 50000000 cu. yd. rock 
would required. designed the author, the dam would not withstand 
650 ft. water even all the material composing were laid carefully 
place, for the reason that the water would fill the interstices the material. 
The mass would become fluid and would not stand slope 4:1 6:1. 
would creep gradually down stream, and soon the water the 
reservoir commenced pass over the top, would destroyed. 

Some the rock-fill storage dams which have stood the test full res- 
ervoir and great storms are the Minidoka Dam (90 ft.), built 1904, the 
Reclamation Service, Snake River, the Zuni Dam the Zuni Indian 
Reservation, New Mexico (70 ft.), and the Morena Dam the San Diego 
(Calif.), Water-Works (160 ft.). 

Each these dams has impermeable slightly permeable “curtain” 
carefully connected impermeable and stable foundation. 
The loose-rock pile storage dam not only support, but also blind drain 
for the slightly permeable material, and generally such dimensions 
withstand, alone, the pressure the water, with reasonable factor safety 
against rupture sliding. There record storage dam the rock- 
fill type having been constructed without impermeable cut-off connected 
impermeable foundation. 

this type rock-fill, considered unsafe for the loose-rock part 
the dam rest any but impermeable foundation, there may con- 
siderable leakage due imperfect work material, addition the natural 
leakage which expected through the material the curtain. this 
leakage should sufficient saturate the material under the loose-rock 
settlement the rock will which the stability the 
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dam, and eventually cause its destruction. will seen that build 
properly designed rock-fill dam the Colorado River, would necessary 
make excavation large enough support the rock pile bed-rock, 
other impermeable material, such cemented gravel. The excavation 
alone would cost more than masonry concrete dam complete, and this 
plan, therefore, may dismissed impracticable. 

Nothing has been said the advisability building rock-fill dam 780 
ft. high, even were practicable. dam such unprecedented dimen- 
sions, and such great river the Colorado, would have masonry 
ond solid the rock cliffs above it, order safe and inspire con- 
fidence the people living below it. The dam proposed the author, and 
his method building it, nothing more than dream, vain imagining. 
“The baseless fabric this vision” the proposition, first blast place 
dam 250 ft. high, with gradual lower slope extending nearly mile down 
Nothing said about the upper slope this dam, which may 
supposed adjust itself the angle repose for material this nature. 
Even this could accomplished, the water would not rise the 200-ft. 
level, because would flow freely through the interstices the rock which 
forms about 50% the mass (instead 15% stated the author), and 
would cease rise when that flow equalled the flow the river above the 
reservoir. 

The writer feels that has said enough show that the dam proposed 
the author not practicable. Great engineering structures cannot 
founded “beliefs” unless there are “cold facts” justify them, and none 
the latter found this paper. seems unfortunate that many people, 
even those high places, should have expressed their belief that loose- 
rock dam could built blasting cliffs into canyon the Colorado River, 
and hoped that this discussion will put end this foolish idea. Such 
ideas expressed engineers, when not backed facts and knowledge, 
only cause ridicule among those who have had experience building dams 
great rivers, and give the general public wrong impression which some- 
times difficult eradicate. 


the proposition for damming the Colorado River, advanced such interest- 
ing manner the author, would sufficient itself attract the attention 
engineers interested this branch engineering, but this feature, com- 
bined with many other data relative this important but perplexing river, 
makes this paper extremely valuable. 

The general proposition high dam the Colorado River, whether 
Lee Ferry Boulder Canyon, undoubtedly feasible prime necessity, 
but constructing such dam there should guesswork, radical de- 
from the tried and tested methods that have proved successful and 
that require only expansion, and most careful planning, insure their suc- 
cess the Lee Ferry Dam. 


Springfield, 
Received the Secretary, July 13th, 1922. 
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The writer has had experience the blasting rock into rivers for the 
purpose forming rock-fill dams, although scale small 
with the dam proposed the author. The most carefully laid plans will 
miscarry this method building dams, and where millions yards 
rock are placed without interfering with irrigation, miscalculation 
may more expensive than another type dam. 

stated that, the site the Lee Ferry Dam, the bed-rock 
overlaid with ft. boulders and sand and ft. fine sand and silt. This 
means that several million yards the first rock blasted would settle 
down, the upper ft. sand and silt was eroded, until rested the 
bed the head water increased, there would considerable 
scour, with consequent leakage. 

Mr. Rue states that the first shots will blow enough rock into the river 
form dam 250 ft. high, and extending the toe, more than mile down 
stream. With the settlement due erosion, this means about 20000 000 
yd. rock, and the blast would require about 500 tons explosives bring 
the dam the dimensions mentioned. This enormous quantity rock, 
too much have misplaced. 

such blast was feasible, the rock would 150 ft. 
each shore, much fine material, but more masses 100 1000 
tons, depending the placing the mines and the manner loading. 
would not well mixed, the fine and the coarse rock settling different 
distances from the shore. The central 100 ft. more the river would 
form channel that would scour the boulder formation least, and the 
large masses rock would arch, forming immense caverns that could never 
filled. The material for the central, channel, part the dam would 
have placed another method, and the swift current would 
transport most that material beyond the toe. 

build rock-fill dam suggested the author, would mean ex- 
tensive plant for handling and placing the material, not more than one- 
third could blasted into place and that could not made tight 
feasible means. The writer believes the plant required complete the dam 
would almost elaborate and expensive one required build concrete 
structure. 

The author suggests that 10000000 cu. yd. rock, and silt 
might required tighten the dam. This, itself, would require large 
plant for loading, transporting, and placing. effective, the tightening 
material would have deposited such manner that the reservoir water 
would least the center dam, which would mean long, tedious, 
and expensive process. 

Should found, after the initial blast about cu. 
rock, that conditions were previously suggested, then several million dollars 
would have been wasted and good dam site spoiled. 

the writer’s judgment, dam 780 high more 
natural conditions and adjoining the site seem favorable for the 
making aggregate and the placing concrete. 
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780-ft. rock-fill dam the Colorado River startling many its 
details, but the character and achievements the author are such 
command more serious consideration than would accorded otherwise. 

The remoteness the proposed site from industrial centers might urged 
against the project; but the idea such type construction should 
examined its merits, for there are many dam sites more favorably located, 
with the same characteristics, but generally smaller dimensions, than the 
one described Lee Ferry. The question mainly the practicability 
such dam, the author specifically states his introductory remarks. 

The transporting power running water fairly calculable; but formulas 
not take into account the action around the larger boulders. These may 
appear the bed the stream, partly submerged rock waste silt, and, 
when the flood its height, erosion will around such obstruction. 
When sufficient space has been cleared laterally and down stream, the boulder 
may slide roll short distance, and the alternate scouring and movement 
will repeated. During the receding stage the flood, the hollows down 
stream from the boulders are generally filled part, that observer might 
consider such large .stones safe against movement, neglects the effect 
erosion, described. This relentless scouring adjacent obstructions 
the element most directly opposed the type high rock-fill dam under 
discussion. 

There doubt that, with suitable preparation and blasting, large enough 
masses rock could dislodged create loose rock-fill; but, the writer, 
appears improbable that mud bank would form stream and “make the 
rock-fill water-tight elevation 100 ft. above the bed the river”; 
that such bank could raised ahead the rising water surface the reser- 
voir formed; that the rock-fill could made reasonably water-tight the 
midst such river, such mud bank should formed and then overtopped 
height 100 ft. 20000000 cu. yd. rock were thrown into the river 
gorge, outlined the author, the rapids formed thereby would exert their 
power remove the obstruction, eroding the down-stream toe, and rolling 
sliding the protruding boulders into the hollows thus formed, until the rock- 
fill had spread, settled, and displaced sufficient the river sand 
insure stability for that particular stage flow. higher flood stage would 
probably cause resumption the process erosion and shifting. During the 
low-water stage, the entire flow the river might run through the rock-fill, and 
the erosion and transportation the finer materials would continue, mainly 
from the up-stream section the dam. 

The writer served engineer one irrigation project where time limits 
and flood conditions required the placing 20-ft., concrete diversion dam 
partly bed-rock and partly rock-fill the midst rapids the river 
channel, was well known that leakage would result, with danger the 
structure. rock and earth-fill dam was adjoin the concrete section and 
extend the opposite bank and immediately stream from the rock-fill 
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the river bed. The structures were built during flood stages the stream, 
and maintained safely; but stop the recurrent and persistent leaks through 
this rock-fill required the placing additional volume finer materials 
about equal the volume the structure originally planned; and, finally, 
during low stage the river, cut-off wall was placed through part the 
river bed, the up-stream limit the dam, prevent the recurrence leaks 
and slow erosion the finer materials. 

The construction several rock-fill dams with puddle cores glacial 
drift, together with observations these structures service, and the lateral 
and terminal moraines which serve the retaining embankments for reser- 
voirs and lakes great depth, have convinced the writer that combination 
rock-fill and hydraulic-fill may built and maintained safely such height 
the author has suggested; but pre-requisite for making reasonably water- 
tight and dependable would the positive checking the underflow and the 
control the river during construction, prevent the segregation and loss 
the finer materials. 

Those who have had construct measuring weirs rocky stream beds 
with the water high stage need not reminded the difficulty-in making 
the structure water-tight, especially the junction with the stream bed. The 
volume finer materials required complete the dam that holds back only 
3-ft. depth water may doubled trebled, because the persistent 
erosion and loss the finer particles through the rock-fill. 

The extensive studies and writings the author the utilization 
various Western rivers, and his location the most feasible dam sites and 
storage basins, are valuable contributions professional knowledge. 

Referring the author’s Conclusion No. 9,* “Should either the rock-fill 
concrete dam overtopped flood, the damage might sufficient cause 
failure”, seems improbable that concrete structure such magnitude 
would designed constructed permit failure overtopped, whereas 
the rock-fill would certainly lost under such condition, and the resulting 
damage and loss the lower valleys would incalculable. 

view these considerations and the uncertainties that would envelop the 
construction, the cost, and the behavior the rock-fill dam proposed, 
seems safe conclusion that any dam unprecedented height the proposed 


similar sites will masonry, founded bed-rock, rock-fill with 
adequate core-wall. 


Proceedings, Am. Soc. April, 1922, 851. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here correct any errors, should forwarded 
the Secretary prior the final publication. 


SYLVAN EARL GANSER, Am. Soc. E.* 
1922. 


Sylvan Earl Ganser, the son Daniel and Martha Ganser, was 
born Harlan, Iowa, December 1879. was graduated from the 
High School Harlan 1898, and attended Cornell College, Mt. Vernon, 
Towa, receiving his degree 1904 and degree 1906. 

During the summer vacations his college course, Mr. Ganser was em- 
ployed Surveying Assistant the Central Railway and the Chicago 
and Northwestern Railway. 

1905, entered the service the Union Pacific Railway Company 
Assistant Engineer Maintenance Way and was assigned the Colorado 
Division, where had supervision minor improvements and maintenance 
work. 

February, 1907, was employed the Atlanta, Knoxville, and 
Northern Railway Company, subsidiary the Knoxville and Nashville, and, 
later, was transferred second-track construction the Louisville and Nash- 
ville Railroad Resident Engineer. This work included heavy rock excava- 
tion, driving and lining the enlargement the Atlanta Ter- 
minals. Mr. Ganser was member large organization engaged the 
new railroad lines, which, that time, was immediate 
charge Willoughby, Am. Soc. E., Chief Engineer Con- 
struction. 

For one year was employed the Michigan Central Railway Company 
Inspector the placing forms, concrete, and steel tubes for the Detroit 
River Tunnel, which connects Detroit, Mich., with Windsor, Ont., Canada. 

August, 1909, Mr. Ganser again entered the service the Union Pacific 
Railway Company, Assistant Engineer Construction, charge the 
Pleasant Valley Line, the North Port Extension, Denver Terminals, and 
the Fort Collins Line, and 250 miles estimates and surveys, from North 
Platte, Nebr., Ogden, Utah. 

1911, decided specialize structural steel design. entered 
the Massachusetts Institute Technology for additional technical training 
September that year and remained there for two years. 

June, 1913, entered the service the Duluth and Iron Range Rail- 
way Company, and made extensive studies for gravity yard and number 
buildings and facilities for the Ore Terminal Two Harbors, Minn. 

From March, 1914, September, 1915, Mr. Ganser was employed the 
firm Toltz, King and Day, Structural Engineer. this capacity, 
was responsible for, and contributed quite largely to, the success the struc- 
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tural work the Northern Pacific-Great Northern Office Building St. 
Paul, Minn. 

From September, 1915, August, 1916, was employed the Ameri- 
Hoist and Derrick Company St. Paul, and was responsible for the 
design large Government derrick for the Panama Canal and other 
machines considerable importance. 

1916, Mr. Ganser entered the service the Northern Pacific Railway 
Company, with which continued until his death April 14th, 
ing this time, contributed the design many structures, the most impor- 
tant which was reinforced concrete ore dock Superior, Wis. 

His death resulted from operation, and was unexpected. His general 
health, while not the best, had not interfered with his duties, and was 
employed the time entered the hospital. 

Mr. Ganser was married 1906 Miss Bessie Stewart who, with his 
parents, survives him. 

character, his strongest traits were his uprightness, hatred deceit, 
devotion duty, love home, hospitality, and charity. Mr. Ganser was 
most kindly man, very humorous, and was deeply appreciated and greatly 
loved his many friends. all things, was man and gentleman. 

was member the Official Board Trinity Methodist Episcopal 
Church and member the Sunday School Board. was also Vice- 
President the Twin City Chapter the American Association Engineers. 

Mr. Ganser was elected Associate Member the American Society 
Civil Engineers January 2d, 1912, and Member January 18th, 1921. 


CHARLES SEWALL GOWEN, -Am. Soe. E.* 


Diep 19TH, 1909. 


Charles Sewall Gowen, the only child James and Emeline (Cummings) 
Gowen, was born Barnstable, H., February 14th, 1851. His father, 
who died 1854, was descended from Scotch-Irish ancestor who, with large 
number compatriots, came America the middle the 18th Century. 
His mother was descendant Isaac Cummings, who came from Scotland 
1644 and settled Ipswich, Mass. 

Mr. Gowen received his early education the schools Clinton, 
Mass., and was student the Massachusetts Institute Technology from 
1867 1869. 

October, 1869, entered the service, Assistant Engineer, the 
late James Francis, Past-President, Am. Soc. E., Agent and Engineer 
the Locks and Canal Company, Lowell, Mass., remaining there until May, 
1876. Mr. Gowen’s experience while with Mr. Francis was great value 
him his later work. 

May, 1876, Mr. Gowen joined the forces engaged the additional supply 
the Boston Water-Works, serving until May, 1880, Rodman, Leveler, 
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and Assistant Engineer. Afterward, and until August, 1881, was Assist- 
ant Engineer charge the Western Division the Boston Improved 
Sewerage, and, subsequently, was made Resident Engineer and Superin- 
tendent Construction the Boston Water-Works, having charge Dam and 
Basin “IV” the Sudbury Supply near Ashland, Mass., until June, 1883. 
then accepted appointment Assistant Engineer charge hydrography, 
with the Philadelphia Water Department, investigations for new source 
supply from the Schuylkill River, and remained this position until March, 
1884, when was appointed Assistant Engineer the Aqueduct Commis- 
sioners New York City, body created law passed the preceding 
year obtain additional water supply for the city. 

During the summer and autumn 1884, Mr. Gowen was engaged sur- 
veys for reservoir sites and the location the “New” Aqueduct line from 
Croton Lake the Harlem River, well other studies preparation 
for the building this great Aqueduct, which, with the exception few 
short stretches cut-and-cover and some short lengths soft-ground tunnels, 
was rock tunnel from the head-works the Old Croton Dam the gate- 
house Street and Convent Avenue, Manhattan, total distance 
miles. The Aqueduct drops below the hydraulic gradient near the city 
line and continues under pressure distance miles the 135th Street 
Gate-house, reaching maximum depth 300 ft. below tide-water the Har- 
lem River Crossing, approximately ft. below the gradient. There also 
short inverted siphon under “Gould’s Swamp” near Tarrytown, The 
remaining Aqueduct grade has horseshoe cross-section, ft. high 
13.60 ft. wide the springing line, and was designed for capacity 
300 000 000 gal. per day, whereas the circular pressure tunnel below the city 
line was designed carry 250000 000 gal. daily. The conduit was brick-lined 
throughout. One the details the preliminary work was the accurate 
measuring the line, which was done methods developed Mr. Gowen 
and Alfred Craven, Am. Soc, The measurements were made 
the slope and were reduced the horizontal after corrections were made 
for sag, temperature, and error graduations. Bronze bolts were set line 
ledge rock granite monuments embedded concrete intervals 
1000 ft. more and were numbered and stationed. This work was done 
quickly and economically and reflected credit Mr. Gowen and others who 
were responsible for the methods and the results. proved its value during 
the construction period which followed. Mr. Gowen was excellent surveyor 
and, when the tunnel driving was begun, established methods carrying the 
lines and grades into the headings, which not only eliminated errors and. 
insured accuracy, but also caused minimum interference with the 
tractor’s operations. 

When the Aqueduct work was placed under contract about the end 1884, 
Mr. Gowen was made Division Engineer and placed charge Division 
No. which included the complicated gate-house and other head-works the 
Old Croton Dam and Shafts inclusive, the Aqueduct. Shaft was 
inclined shaft, about 300 ft. long, and Shafts inclusive, were vertical 
shafts, 250 ft. depth. Later, re-organization added Shafts and 
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Mr. Gowen’s Division. Under his direction, the shafts were sunk and the 
tunnels from them were driven. second re-organization 1888 placed him 
charge the completion the miles Aqueduct from Shafts 11, 
inclusive. 

Soon after the masonry lining work was begun, much trouble was en- 
countered, due the lack co-operation the part the contracting firm 
and the dishonest practices some its employees. The work was slighted 
ways, mortar was omitted, cavities were left behind the brick lining, 
and the work was greatly demoralized. played its part, affecting seri- 
ously the morale the inspection force. Mr. Gowen stood firm against these 
practices and, spite many attacks made him his opponents, insisted 
having the defective work corrected. His resolute stand, which was 
supported his subordinates well the engineers other divisions, 
led investigation the work the Legislature 1888. This was 
followed re-organization the Commission the same year and the 
repair and reconstruction the defective work the expense those respon- 
sible for it. The late Alphonse Fteley, Past-President, Am. Soc. E., who 
had been made Chief Engineer 1889, stated his report the Aqueduct 
Commissioners covering the years 1887-95: 

“Mention should made, however, the able services performed 
Gowen, and Craven especially have rendered the City valuable service 
successfully enforcing and superintending, under serious difficulties and hard- 
ships, the repairs the defective parts the Aqueduct.” 

Some the difficulties encountered the engineers carrying out the 
work are shown detail the same report. 

the practical completion the Aqueduct, Mr. Gowen, 1890, was 
placed charge the construction Reservoir “M” the Titicus River, 
near Purdy Station, Y., one the several reservoirs constructed at, and 
subsequent to, that time the development the Croton water-shed. The 
dam was rubble masonry structure, faced with cut native stone, maxi- 
mum height about 135 ft., with earth wings, the latter containing rubble 
masonry cores. Its total length was 1519 ft. The rolled earth embankment 
the north wing was more than 100 ft. high and the whole structure was 
considered work considerable magnitude that time. The dam im- 
pounded more than 000 000 000 gal., and the construction cost, with the roads 
and other appurtenances, was more than $1000000. Mr. Gowen gave his 
earnest attention the organization the job and established standards for 
quality work which, with the rigid inspection his subordinates and the 
co-operation the contractor, resulted excellent structure. 

The Titicus Dam was completed 1895, but, October, 1892, Mr. Gowen 
had relinquished the control the work take charge the construction 
the New Croton Dam, the contract for which was let the same year. The 
Croton Dam still one the great dams the world and, the time was 
designed, attracted the attention hydraulic engineers everywhere. 
greatest height was about 300 ft., and the maximum depth its foundations, 
below the river was about 150 ft. One its features the curved spill- 
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way, 1000 ft. long the north side, the greater part the length which 
parallel with the contours the hill against which the dam abuts. The 
capacity the reservoir about gal. The disintegrated lime- 
stone underlying the foundation the deepest point gave much trouble, and 
the manner which this feature the work was treated well described 
paper* Mr. Gowen entitled “Foundations the New Croton Dam”. 
Before the dam was entirely finished, certain radical changes were made 
the design the south wing, calling for the destruction the earth bank 
and core-wall which had been built there and the substitution masonry 
section. The changes were not approved Mr. Gowen and are the subject 
his paper,t “The Changes the New Croton Dam”. This imposing engi- 
neering structure with which Mr. Gowen’s name closely identified, was 
finally completed the end 1906, together with the miles new high- 
way about the reservoir. constitutes wonderful monument him and 
the contractors who built it. 

Mr. Gowen did not wait for the completion the Croton Dam, but 
August 31st, 1905, resigned from the service the Aqueduct Commissioners 
and thereafter engaged consulting work. Until was taken ill 
1909, had hardly known day’s illness. fact, his good health was matter 
comment among his associates. His illness continued for months until his 
death October 19th, 1909, his home Ossining, 

Mr. Gowen had the spirit Spartan. Duty came first with him, and 
could never understand why personal interests convenience should stand 
the way man’s work. His reserve was sometimes misunderstood 
those who knew him casually, and was only closer acquaintance that 
one realized the more kindly aspects his nature. There was little compro- 
mise his make-up, and had patience with those who would slight 
their work for profit for any other reason. The following quoted from 


memoir prepared two his friends and published Ossining paper soon 
after his death: 


glance would give one the idea that Mr. Gowen was deeply 
reserved and self-absorbed, but intimate acquaintance with him revealed 
the most charming qualities. was schooled strict integrity and was that 
most perfect creature God’s handiwork, ‘an honest man’. most pro- 
nounced characteristics were justice and fairness his relations with those 
with whom was associated. Political influence did not sway his action and 
things was the soul honesty and honor.” 


The same memoir contains this reference his work the Croton Dam: 
“His administration the work was characterized the same rigid atten- 
tion detail which had marked his supervision whatever had previously 
undertaken. zealously guarded the City’s interests and was quick detect 
and forestall any proposition that might lead unnecessary expenditure. 
‘Now let severely logical’ was favorite expression dealing with 
perplexing problem. man the courage his convictions, just 
and upright extreme, and the uncompromising foe whatever looked 
ike ‘graft? and extravagance. strict disciplinarian but, withal, most loyal 
and steadfast friend every man whose conduct justified his confidence. 
Indomitable energy was another strong characteristic. degree heat 
Transactions, Am. Soc. E., Vol. XLIII (1900), 469. 
Transactions, Am. Soc. Vol. LVI 32. 
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cold, snow blizzard, was sufficient block the way, were the power 
man overcome the difficulties.” 

Mr. Gowen made many friends and about Ossining, where lived from 
1885 until his death. was interested the community life and the 
time his death was President the Briarcliff Golf Club, which office had 
held since the organization the club. was also member the Shatte- 
Yacht and Canoe Club Ossining. 

contributed number papers and discussions the 
the Society, and, addition the two papers previously mentioned, 
was the author “The Effect Temperature Changes 

was married June 1882, Miss Alice Fellows, the daughter 
Mr. James Fellows, Lowell, Mass. Mrs. Gowen, with two sons and 
two daughters, survived him. 

Mr. Gowen was elected Member the American Society Civil Engi- 
neers March 7th, 1888. served Director from 1904 1906, and dur- 
ing that time was member the Finance Committee the Board 
Direction. 


CORNELIUS VAN VORST POWERS, Am. Soe. 


Diep 1922. 


Cornelius Van Vorst Powers, the son William and Mary (Van 
Vorst) Powers, was born Jersey City, J., November 4th, 1860. 
received the degree Ph. from the School Mines, Columbia University, 
New York City, 1882. After his graduation, spent some time traveling 
Europe and was engaged work (other than engineering) until February, 
1885. 

Mr. Powers began his engineering career with the Aqueduct Commission 
New. York City, then engaged constructing the so-called New Croton 
Aqueduct from Croton Dam New York City. served with this Commis- 
sion until June, 1900, rising successively from junior engineering positions 
that Assistant Engineer. was engaged the construction the Aque- 
duct Tunnel the upper part the Borough Manhattan, New York City, 
and had charge the construction part the pipe line, consisting 
battery 48-in. pipes, eight number, where left the terminal gate-house 
135th Street and Convent Avenue, four the pipes continuing the 
reservoir Central Park. also had charge blow-off from Pressure 
Shaft No. the Harlem River. The experience gained the building 
this great tunnel was reflected his work the New York City Rapid 
Transit construction with which was later connected. the completion 
the pipe line and blow-off, was assigned the Croton River Division 
County, where had charge the surveys and studies for addi- 
tional reservoirs and for maps for the condemnation lands acquired, 
well for the necessary relocation and reconstruction railroads, high- 
ways, and highway bridges, and the estimates cost. 


Transactions, Am. Soc. E., Vol. LXI (1908), 399. 
Memoir prepared Robert Ridgway and Charles Searle, Members, Am. Soc. 
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June, 1900, Mr. Powers was transferred the Engineering Staff the 
Board Rapid Transit Railroad Commissioners,.New York City, the time 
when work was begun the construction the first subway, and served with 
that Commission and its successors, the Public Service Commission, First Dis- 
trict, State New York, the Transit Construction Commissioner, and the 
Transit Commission, the work constructing the New York City Rapid 
Transit Railroads. His first work rapid transit construction was Assist- 
ant Engineer charge the construction the subway Broad- 
way, from 135th Street Dyckman Street, large part which was deep 
rock tunnel, including two arched tunnel stations with shafts, which were 
installed elevators and stairways providing access from the surface. these 
stations, the tunnel was excavated wide enough span the two tracks and the 
side platforms the stations. 

Mr. Powers was appointed Division Engineer March, 1903, and, until 


January 1st, 1917, supervised the construction the subway and 


lines Upper Manhattan and The Bronx, which were built under contract with 
the Commissions. also supervised the surveys for new rapid transit lines, 
well the construction and the certification the reasonable cost the 
third-tracking and extensions the lines the Manhattan Elevated Railroad 
Company these Boroughs, the latter work being done the Company under 
approved the Public Service Commission. During this period, 
Mr. Powers also assisted the preparation engineering data for the city’s 
defense the arbitration proceedings growing out the contractors’ claims 
the contract for the original subway, well the writing the con- 
tracts and specifications for certain later lines, covering construction Lower 
and Upper Manhattan and.in The Bronx. 

Division Engineer Charge Construction, the value the work 
which Mr. Powers supervised approximated $35 000000, and included deep 
and difficult tunnel and subway construction, some which was adjacent 
closely built-up sections the city, well the construction two-track 
tunnel under the Harlem River, which was built novel methods, and 
another four-track tunnel under this same river, which was constructed 
manner somewhat similar that used for the tunnel the Michigan Cen- 
tral Railroad under the Detroit River. The value third-tracking and exten- 
sion work the lines the Manhattan Elevated Railroad Company approxi- 
mated $20 000 000. 

Mr. Powers’ work connection with the city’s defense the arbitration 
proceedings, well his work the writing the contracts and specifica- 
tions, was thorough and fair that has been spoken high terms 
those who were familiar with it. 

From January, 1917, was the Division Engineer Charge the Bureau 
Contract Adjustment, which position held the time his death 
June 18th, 1922. The result the painstaking, minute, and clear analysis 
the contractors’ claims which made personally and directed during the 


time was the head this Bureau, have been and will great value 
the city. 
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Mr. Powers was man modest disposition, high ideals, and absolute 
integrity; was conscientious almost fault. was well informed, 
with keen sense humor, and was good friend, always ready help 
time misfortune. was held high and affectionate esteem his asso- 
ciates. has been deservedly said him that was Christian gentleman. 
was fond outdoor life, ardent fisherman, and had great fondness for 
flowers, which cultivated with much pleasure. was excellent amateur 
photographer and, the earlier part his delighted taking pictures 
points interest his work and, later, his fishing trips. inspec- 
tion the reports the Aqueduct Commission will show many good examples 
his work among the illustrations. worked with his usual zest and interest 
until the evening the day before was stricken. 

Mr. Powers was unmarried and survived his brother, William Van 
Vorst Powers. 

was member the University Club New York City, Columbia 
University Club, Psi Upsilon Fraternity, American Association Engineers, 
Municipal Engineers New York, which had been Vice-President and 
Director, and the Dutch Reformed Collegiate Church St. Nicholas, New 
York City, the activities which took great interest. 

Mr. Powers was elected Member the American Society Civil Engi- 
neers March Ist, 1905. 


FRANK EPHRAIM CHESLEY, Assoc. Am. Soc. E.* 


Diep 9TH, 1922. 


Frank Ephraim Chesley was Center Township, Fayette County, 
Iowa, May 8th, 1879. was educated the country schools and was 
graduated from the Fayette High School 1896. March, 1901, entered 
the State University Iowa and was graduated June, 1904, with the 
1912. 

From 1904 1908, Mr. Chesley was engaged general engineering work 
Inspector and Instrumentman different engineering projects. From 
1908 1910, was employed Resident Engineer charge water- 
works, sewage disposal plants, electric lighting plants, and paving work 
‘various towns For short period 1912, served Inspector, 
the Corps Engineers Sterling, after which was again 
municipal engineering work Pennsylvania and elsewhere. 

During subsequent years, Mr. Chesley was engaged engineering 
capacity connection with municipal improvements and industrial works, 
serving Resident Engineer charge the construction rolling mills, 
‘blast furnaces, open-hearth furnaces, and other work connected with 
mills. was also engaged for some time connection with the Gov- 

Munitions Plant Neville Island. 
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1919, joined the staff The Ludlow Engineers Winston-Salem, 
C., doing general office work and outside practice and, later, was assigned 
the position Resident Engineer sewer construction Goldsboro, 

Mr. Chesley was not man robust health, but was very energetic, 
persevering, and loyal his duty. His work engineer, although brief, 
the ability displayed, and his intense devotion his Profession gave 
abundant promise useful and honorable career had his life not been 
terminated such early age. 

was member the Masonic Fraternity. few months before 
his death, had received certificate Registered Engineer under the new 
License Law the State North Carolina. 

August 15th, 1911, was married Mollie Livecay, Halifax, 
C., who, with his mother, survives him. 

Mr. Chesley was elected Associate Member the American Society 
Civil Engineers December 31st, 1913. 
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BOND STRENGTH WOOD PILES CONCRETE 


This paper has been subdivided, for convenience, the following manner: 


conditions are discussed that necessitated determining the bond 
strength wood piles concrete connection with the design the new 
sewage disposal plant for Milwaukee, Wis. 

Second.—A general description the test specimens used obtaining the 
results contained this paper, together with their preparation, are given. 

detailed account, description, and discussion each the tests 
conducted, are given. 

Fourth.—The testing apparatus and the methods testing are explained. 

combined results are discussed, table the results all the 
tests given for ease comparison, and conclusions from the results are 
drawn. 


GENERAL 


While plans and specifications were being made the Sewerage Commis- 
sion the City Milwaukee for the new sewage disposal plant, the question 
“the bond strength wood piles concrete” had considered. 

The new plant built the eastern edge the city, what now 
peninsula bounded one side Lake Michigan and the other two 
sides the and Milwaukee Rivers, respectively. The main part 
the plant located made land, within pile bulkhead and steel 
sheet-piling coffer-dam, extending 1000 ft. into Lake Michigan along the 


discussion this paper which will not presented any meeting 
the Society, will closed with the January, 1923, number Proceedings. When 
finally closed, the paper, with discussion, will published Transactions. 

Div. Engr., Sewerage Comm., City Milwaukee, Milwaukee, Wis. 
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south Harbor Entrance Pier. The coffer-dam has been built, and the area 
within has been dredged the average elevation the bottom the aera- 
tion and sedimentation tanks that are constructed therein. 

will necessary place the tanks pile foundations. With 16-ton 
load each pile, the dead weight the tanks and the sewage, when the tanks 
are full, requires average pile spacing 5-ft. centers. The weight the 
tanks, when empty, not sufficient overcome the buoyancy, therefore, 
necessary anchor the structure the pile foundation. With 5-ft. pile 
spacing, the uplift each pile averages tons, and the question arose 
whether the skin friction bond strength plain wooden pile concrete 
was sufficient withstand this uplift. thorough search for information 
this subject was made, but data applicable the conditions were found. 
The engineers the Sewerage Commission favored the use mechanical 
anchorage some type, although other engineers believed that such anchorage 
was unnecessary. majority, however, seemed favor the deformed type 
mechanical anchorage, and this brought the question cost. The cheapest 
method deforming pile-head meant additional cost least per 
pile. there are about 24000 piles driven, this would entail mini- 
mum additional cost and more elaborate methods deformation 
would run high more per pile. This additional expense was not 
justified without further investigation, because there was assurance that 
the deformed anchorage would serve the purpose any better than the plain pile- 
head. was decided, therefore, that series tests should conducted, 
order determine whether any type mechanical anchorage was neces- 
sary, and the writer was entrusted with the carrying out these tests. Thirteen 
cedar posts, ranging from in. butt diameter, were selected for test 
specimens. Cedar was chosen because was available and was thought that 
the tests proved satisfactory soft wood, harder woods could used 
with considerable factor safety. The posts which had been cut the 
winter 1919 and 1920 and stored the open, were selected random from 
stock pile, the only requirement being that they should straight. 

The posts were prepared for thirteen types anchorage, some which 
differed only slightly. These types will explained the results each 
test are given. The butts the posts were cut square, that fresh area 
the end the post would exposed the concrete, thus giving condition 
similar that when pile cut off grade before covered with con- 
crete. The posts were embedded ft. deep slab concrete ft. square 
and ft. thick, with sub-slab, directly under the post, ft. square and ft. 
thick, cast with the larger slab. The object the sub-slab was prevent 
uneven curing effects around the end the post and give condition simi- 
lar that obtained practice. 1:2:4 mixture concrete, with washed 
sand and crushed gravel the aggregate, was used. The concrete was mixed 
one-bag mixer, and conveyed car platform, from whence was 
shoveled into the forms hand. The specimens were made the Casting 
Plant the Sewerage Commission, March, 1921. The building was 
heated that there was possible danger from freezing. The forms were 
extended about in. above the slab order that the concrete might cured 
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under water for days, thus giving condition similar that expected 
subaqueous work. 

Test No. 1—The specimen for this test was in. diameter the butt, 
and in. the concrete surface. The butt was immersed water for days 
before was This, the writer’s opinion, was the worst condi- 
tion that could obtain. The concrete was poured March 24th, 1921, and the 
specimen was tested April 27th, five weeks later. 

order that any movement the concrete could noted, the loading 
box was blocked in. above the slab, shown Fig. Another box 
shield was built around the post that frictional resistance would 
caused the material against it. The net weight per vertical foot load 
the box was the box weighed 475 and the concrete anchorage 
2960 lb. The loading the specimen the capacity the box was com- 
pleted about m., April 27th, the total load being lb. move- 
ment had been noted noon, but some time between noon and the 
specimen failed, and one witnessed the failure, the time the load had 
been sustained, could not determined. 

The bond area this specimen was 266 sq. in., and the failure occurred 
under sustained load, for bond, 55.5 Ib. per sq. in. The results the other 
tests showed that, far bond strength was concerned this specimen was 
tested under the worst condition possible. 

Test No. 2—Specimen No. was similar Specimen No. except that 
was not immersed water before was placed the concrete. The 
diameter the butt was in. and the concrete surface, in., and the 
bond area was 252 sq. in. 

The loading was started May 2d, 1921, the specimen having aged weeks 
and days. order determine the exact point failure, the load was 
applied shown Table 


TABLE 
load 
Load, pounds. Time Date. sustained, 

200 9:00 May 192 

19 500 12:00 Noon * 1 


the capacity the crane had been reached, and this load was 
allowed remain until 8:00 M., May 14th, when the specimen was lowered 
and the load removed. bond strength 83.3 lb. per sq. in. had been 
developed with sign failure. 
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was decided move all the specimens the open, build gallows- 
frame strong enough carry much heavier loading, and use billet steel for 
loading purposes. The concrete blocks were covered with about in. wet 
sand prevent shrinkage the posts. spite this precaution, consider- 
able shrinkage took place. 

The test Specimen No. was resumed June load 
was placed the specimen 5:00 M., and allowed remain over night. 
examination 8:00 June 2d, slight cleavage was noted. When 
the load was increased 13000 the post pulled from the concrete 
about in. When the load was increased 16000 lb., the movement was 
about in., but was gradual that could not observed during the 
loading. The load was then increased, 360-lb. increments, 19500 
which loading, the post was pulled entirely from the concrete. 

21000-lb. load had been applied previously this specimen without 
any sign failure, and the cause failure lesser attributed 
the shrinkage the post during the days had been the open without 
being kept wet, except for the moisture the sand covering. The weather 
during this period was exceptionally warm most the time, and the slight 
rainfall drained off quickly. 

Test No. No. was immersed water for days before 
was concreted. The diameter the butt was in. and, the concrete line, 
in. The concrete had aged days when the loading the specimen was 
started June 2d. The load was placed 360-lb. and totaled 
400 6:30 failure could noted, and the load was allowed 
remain until noon the following day, when was observed that the post 
had pulled in. from the slab. The failure, under sustained load 400 
lb., was equivalent bond strength 60.6 lb. per sq. in. The load was 
increased and the post pulled gradually in., which was con- 
sidered sufficient evidence failure, and further operation was discontinued. 

guard against the conditions Test No. the remaining test speci- 
mens were thoroughly soaked, and the result Test No. shows that 
was helpful. 

Test No. 4.—Specimen No. was dry when the concrete was poured and 
had aged days when the loading was started June 3d. The 
diameter the post the butt was in. and, the concrete line, in. 
load had been applied 8:30 M., with indications 
failure. This load was allowed remain until 10:00 June 4th, 
hours, but signs failure were noted. The load was increased 520 
lb. and allowed remain until noon, June 6th, which time the bond 
strength appeared have failed slightly, but there was some doubt this 
fact. The load, therefore, was increased 840 lb., which slight move- 
ment was noted, and 640 the post had been pulled in. The speci- 
men was now unloaded, and was settled definitely that failure had 
19520 which was equivalent bond strength 69.7 lb. per sq. in. 

Test No. No. was in. diameter the butt and 
in. the concrete line. The concrete about in. around the 
post the form cone. The idea was that the area concrete con- 


e 
i 


BOND STRENGTH WOOD PILES CONCRETE 1659 


tact with the pile would increased little added expense. This method was 
considered the next cheapest, the results the tests the plain 
anchorages proved inadequate. 

This specimen had aged days when the loading was started M., 
June 6th. 8:30 load 10960 lb. had been applied, which was 
allowed remain until noon June 7th, with sign failure. The load 
was then increased lb. 8000, 5000, and increments, 
respectively, and 7:00 M., the first sign failure was noted. Further 
loading 160 resulted the failure the cedar post tension. 

the embedded depth the post taken in., bond strength 
100 lb. per sq. in. was developed. the embedded area the post used, 
the bond strength was 75.8 lb. per sq. in. The cedar post failed tension 
under unit stress about 850 lb. per sq. in. 

Test No. 6—Specimen No. was the same type Specimen No. but 
had slightly larger butt diameter. The concrete had aged days when the 
applied when the first sign failure was noted. bond strength only 60.0 
per sq. in. had been developed. 

The load was increased 120 which the post pulled from the con- 
The post was found sound, but there had been bond the bot- 
tom it, whereas, the other tests, this was not the case. The area the 
bottom the post was about sq. in., and the bond this area would have 
had material affect the total load sustained. 

the foregoing tests, the unit stresses have been calculated from the areas 
the sides alone, but the bond the bottoms undoubtedly plays important 
part. The exact relation could not determined except tests. 

When Specimen No. was concreted, the post settled that was em- 
bedded more than in. the concrete. Accordingly, was pulled the 
12-in. mark. doing this, the bond the bottom the post must have been 
destroyed. The results seem indicate that the bond the end fibers plays 
more important part than that the sides the post. 


Tests Nos. complete all those without any type deformed anchor- 
age. The conclusions from these tests are that the enlargement the pile-head 
has effect the load sustained until the bond strength has failed. every 
test, was noted that, when the bond failed, the concrete usually dropped sud- 
denly about in., and then continued move slowly in. Between the 
and the }-in. movement, the enlargement the head became effective. 
nearly every case, after this point had been reached, the load was applied with- 
out additional failure until the post either broke pulled from the concrete. 

The writer believes that long the concrete adheres the bottom 
the post, there chance for the fibers compress. This probably the 
cause the sudden drop soon the bond has failed. The load necessary 
overcome the bond was compress the fibers enough allow the 
conerete drop the in. After this, additional load was necessary com- 
press the fibers sufficiently allow the post pulled even slightly. 
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necessary for the piles withstand any upward pressure, unsafe, there- 
fore, consider anything but the bond strength the concrete the wood 
pile. would seem safe consider the bond strength the concrete the 
wood pile per sq. in., which below any the results obtained, 
but the entire static head should used designing, order obtain 
additional factor safety. 

Whether pile larger diameter than those used would similar 
bond strength can determined only tests. The Sewerage Commission 
intends conduct series such tests, order secure this information. 


TESTS THE DEFORMED SPECIMENS 


Test No. No. had average butt diameter in. and 
enlargement. 3-in. track spikes were driven, 90° apart, into the butt, 
the heads extending about in. for anchorage. The concrete this specimen 
had aged days, and the test was started 8:30 June 10th. 11:00 
M., after load 640 lb. had been applied, the first sign failure was 
noted, the post having pulled about in. The load was increased 360 
and the post continued pull from the concrete, the test was stopped. The 
bond area, the sides, was 257 sq. in., and the bond stress developed was 64.7 
per sq. in. 

Test No. specimen had diameter in. and enlargement 
in. 1-in. pin, in. long, was passed through 1-in. hole drilled 
through the post in. from the bottom. About ft. the pin extended 
from each side the post. The concrete had aged days when the loading 
applied and signs failure had been noted. This load was allowed re- 
main until M., June 11th, when was increased 040 under which, 
8:50 M., the first sign failure was observed. The load was increased 
400 lb. and the post pulled about in., which load equivalent 84.4 lb. 
per sq. in. the bond area. 

The test was stopped, had already failed beyond the point safety. 
doubt, the pin through the post increased the load that this specimen 
After the failure the bond, which probably occurred before 
the line fracture was noted, the specimen held until the fibers contact 
with the pin had compressed. When this occurred, the post pulled from the 
concrete and the line failure was noted. 

Test No. 9—Specimen No. had average butt diameter in., and 
ft. from the butt, was sawed two opposite sides depth The 
wedges thus formed, tapering in. the concrete line, were then chopped 
out, thus making the post in. diameter the butt, and, the concrete 
line, flattened ellipse, in. 

The concrete had aged days when the loading was started 11:30 M., 
and 2:00 load 280 Ib. had been applied when the first sign 
failure was noted. The bond strength developed Was 61.2 lb. per sq. in. The 
load was increased follows: movement; 18080 
movement; and 18520 1-in. movement. 22400 the post pulled 
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from the concrete. Examination disclosed that there had been shearing 
action; the fibers had been compressed, and pulled through the 5-in. hole 
the concrete. 

The preparation piles this manner would expensive, and the 
results the test show that this added expense would unwarranted. 

Test No. specimen was in. diameter and had been expanded 
driving hard-wood wedge flush with the butt, thus 
making the bottom the post elliptical shape, in. Before the 
wedge was driven, band was placed around the post the concrete surface, 
which band was not removed during the test. This specimen was days old. 
The load was started 8:45 and 11:15 the first sign failure 
was noted with load 920 which equivalent bond strength 
63.7 lb. per sq. in. Under load 800 lb., the post had pulled in., and 
in. with lb. was seen that this method did not increase the bond 
strength, and the loading was not continued. 

Test No. 11—Specimen No. was trimmed wedge shape four 
sides, instead two sides, was done with Specimen No. The average 
diameter the butt was in. and, the concrete line, the post was about 
in. square. 

The concrete this specimen had aged days and the first sign failure 
was noted with load 760 With bond area about 244 sq. in., this 
load 56.4 per sq. in. From this result, obvious that 
the trimming pile-head this shape would not justified. When the 
load was increased 080 the post pulled from the concrete about 
and pulled in. After remaining for hours without further 
movement, the load was increased 840 which the post parted the 
concrete line, under load 1180 per sq. in. 

Test No. No. was prepared driving two wedges the 
butt right angles each other. iron band was placed around the post, 
ft. from the butt, before the wedges were driven. The was used give 
the same results would the soil around the pile-head the 
wedges were driven the field, after the piles were place. this speci- 
men, the band was removed before the test was started. 

This test began June 14th, 3:00 and continued, with in- 
crements, until noon, June 15th, when the first sign failure was noted 
with load 200 lb. The average diameter the butt was in., and the 
bond area, disregarding the increase size due the wedges, was 240 sq. in., 
thus giving unit borid strength 63.3 Ib. per sq. 

Test No. 10, with one wedge, the unit bond strength was 63.7 lb. These 
results would indicate that there would reason for using more than one 
wedge. This method deformation would considerably cheaper than 
trimming the post wedge shape, and also gives higher unit strength, but 
there indication that the bond strength would any greater than that 
anchorage without any deformation. 

The driving wedges the pile-heads would not injure the original sur- 
face fibers, would the case the methods Tests Nos. and were 
followed; but there would always some “give” between the post and the 
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wedges, and, the load was applied, this “give” would cause the bond break 
sooner than solid post. 

Test No. Specimen No. two 1-in. pins right angles each 
other had been driven through holes the post, in. from the butt. The pins 
extended ft. into the concrete, four sides. 

The post had slight butt enlargement, average diameter in., and 
bond area 240 sq. in., after deducting for the area the pins. The 
loading was started June 16th 8:00 and 11:00 load 
920 had been applied, when failure was noted. This load was allowed 
remain, but further failure occurred. bond strength 66.3 lb. per 
sq. in. had been developed, but the failure had been slight that the movement 
would not have been injurious any structure. fact, there was question 
whether the slight fracture noted was really failure due the pulling 
out the post, whether was due the elongation the wood fibers 
the concrete line. The latter cause would seem the more plausible, 
because, under continued loading, further movement was noted. 

Under load lb., the post parted, and the movement the con- 
line was found small. bond strength about lb. per in. 
had been developed without injurious amount movement. 

The pin types deformation are far the cheapest that were tried, and 
the results indicate that only one pin would necessary, was decided 
that deformed anchorage was needed. 


TESTING APPARATUS AND THE METHOD TESTING 


Fig. shows the testing apparatus. The gallows-frame was designed 


The method testing was follows: locomotive crane would swing 
the specimen under the frame that the pin could inserted through the 
sling and the shackle-piates, the sling being such length that the specimen 
was clear the ground when was released the crane. The steel billets, 
each.of which weighed 360 lb., were handled block and tackle running 
trolley. They were lowered with the least possible jar the specimen 
and were racked that clear space was left around the post for observation 
and guard against friction the load the post. The post and the 
concrete adjacent were thoroughly chalked before loading was started, 
order that any movement could be_ better detected. The increments load 
were applied slowly, and the point failure was reached, the specimen was 
closely watched for any sign such failure. the slightest line 
appeared, the loading was stopped for time, order allow the post 
much possible under that load. The points failure were determined 
closely from the results the test Specimen No. which was loaded 
small increments and allowed stand for several hours before additional load 
was applied. 


Table gives the results the tests and affords oportunity for com- 
paring the different types anchorage tested, for drawing conclusions 
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N 
| 


Type anchorage. 


2 
eee 


banked 

Concrete banked 
small track spikes 

pin through butt 
wedge 
shape two sides.... 
.....|Expanded in. wedge 

driven into butt....... 

Butt trimmed wedge 
shape, four sides...... 
12...........|Butt expanded two ways 
two wedges........ 

angles through butt.. 


TABLE 


inches. 


Diameter butt, 
Diameter concrete 
line, inches. 
Enlargement, 
Total load sustained. 
pounds. 


760 
200 
920 


| 


Area, square inches,, 


sides bond. 


Area butt, 
square 


gth (sides), 
per squa 


Bond stren 
poun 


100-75.8 
59.0 
64.7 
84.4 
61.2 
63.7 
56.4 
66.3 


| 


72.9 cu. ft. dry 


Bond strength, sides 
and bottom, 
per square 


51.8 
59.9 


68.1 


Remarks. 


Pile butt soaked for days before 
being concreted. 


Pile butt soaked Test No. 
Butt dry. 


Post pulled apart 160 Ib. 

bond the bottom. 

Total movement in. load 
Ib. 

Total movement in., load 400 Ib. 

Post pulled out, load, 400 

Total movement in., load 240 

Post broke top concrete, load, 
849 

Post pulled out, load, 280 


Post broke load 20600 Move- 
ment point very slight. 
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the best types used, and for determining safe average bond strength 
used designs where necessary use the factor bond strength. 

The average bond strength nine the tests, not including those 
immersed water and those with the pins, was 66.3 lb. per sq. in., when the 
side area only considered. Using the combined area the side and bottom, 
the average 58.9 lb. per sq. in. For the piles without deformed anchorage, 
that is, the first seven, not including the specimens that had been immersed, 
which are obviously low, but including the test with the spikes, the average 
strength 70.5 lb. per sq. in., whereas the average the deformed anchorages 
only 65.9 lb. per sq. in. These results indicate that deformation the pile- 
heads has tendency decrease the bond strength. 

The ayerage strength the two plain anchorages, Tests Nos. and 
76.5 lb. per sq. in., whereas the average the two highest tests deformed 
heads, the two with pins, 75.3 lb. per sq. in. Therefore, the results shown 
the two best deformed types are not good those found with the two plain 
anchorages. 

conclusion, may stated that only the bond strength the wood 
the concrete should considered. The deformation the pile-heads does 
not warrant the added expenditure will entail. the substance 
anchored metal, deformed anchorage will beneficial. 

The writer believes that the Sewerage Commission will not consider the 
use deformed pile-heads, but will rely the bond the concrete the pile. 
The piles driven will have average butt diameter least in. and 
are embedded depth in. the concrete. side area, bond, 
377 sq. in., and with 000 lb. uplift per pile, bond strength 31.9 
per sq. in. necessary. This less than the lowest result obtained any 
the tests. 

The work that brought about the foregoing tests being done for the 
Sewerage Commission the City Milwaukee under the direction 
Chalkley Hatton, Am. Soc. E., Chief Engineer, with James 
Ferebee, Am. Soc. E., Principal Assistant Engineer. 
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PAPERS AND DISCUSSIONS 


This not responsible for any statement made opinion expressed 
its publications. 


THE COMPARISON CONCRETE GROINED ARCHES 
AID THEIR DESIGN 


Most engineers recognize the value comparison aid the design 
practically all structures, both valuable check and also preventative 
unusual errors. Comparison, however, must used with good judgment 
and extreme caution, otherwise dangerous mistakes may easily made. 
Comparisons cannot used, some instances, with special original 
structures, but these cases are small percentage the total. 

With statically indeterminate structures, such concrete groined arches, 
the use comparison aid design becomés doubly valuable. Actual 
design this case impossible, and the engineer must use empirical methods 
and comparisons. Empirical formulas alone could not safely used the 
design groined arches, and comparisons, therefore, become funda- 
mentally important. 

This paper presents study the proportions typical concrete groined 
which have been used successfully for reservoir roofs. believed 
that the various ratios and dimensions discussed will helpful problems 
design and that the use these ratios will save, not only great deal 
the work design, but will serve also guide more economical 
structures. Special types concrete groined arches built support un- 


usually heavy loads, such filter tanks, are not included the scope this 
paper. 


one the problems Civil Engineering the groined arch, now generally 
used for reservoir roofs, interesting anomaly. The method designing 


discussion this paper which will not presented any meeting 
the Society, will closed with the January, 1923, number Proceedings. When finally 
closed, the paper, with discussion, will published Transactions. 

Bay City, Mich. 
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the structure empirical and from strict mathematical even logical view- 
point, its exact design impossible. This type structure has been used, 
however, for more than 000 years, and, when carefully constructed, its safety 
beyond question. safe or, perhaps, safer than the ordinary arch 
used bridge building construction. The singularity the groined 
arch roof lies the condition that structure simple, strong, and 
harmonious, complicated regards mathematical analysis its stresses, 
even under symmetrical loading. The purpose this paper make 
comparison existing groined arches and suggest several rules that should 
use the design such structures. 

The usual methods attempted the design concrete groined arches are 
based the principles that are used the design simple cylindrical arches. 
These methods, applied concrete groined arches, have been fully developed 
Thomas Wiggin,* Am. E., and also Leonard 
mathematical analysis. The method, although simple, somewhat cumber- 
some, and not completely presented textbooks. The article Mr. 
Wiggin contains several methods designing groined arches, but for the 
purpose this paper, will sufficient summarize briefly the generally 
preferred method. 

general, there are two steps this preferred method design: First, 
the selection groined arch certain dimensions; and, second, the investi- 
gation this arch for stability under the required loadings the “hypothesis 
least crown thrust.” This hypothesis assumes that the true “line 
resistance” that for which the thrust the crown the arch the least 
pessible consistent with equilibrium. The strength and stability the 
arch depend the position the “line resistance” and the position 
this line, turn, depends the amount, direction, and point application 
the crown thrust. The crown thrust assumed act horizontally 
the upper third point the thickness the arch the crown. The ex- 
ternal loading this case considered acting triangular area 
obtained assuming that the arch cut vertically along the groined 
lines, this method loading will found give greater unit stresses 
the “joint rupture” than other methods. condition equi- 
librium, further assumed that the center pressure will always 
remain within the middle-third every joint. With these assumptions and 
correct data regard the dead and the live loads, the crown thrust and 
the thrust the joint rupture are easily (although somewhat laboriously) 
computed means the usual methods given textbooks simple 
cylindrical voussoir arches. The final step the design consists laying out 
cross-section the arch large scale, and making careful graphical 
check the problem and the position the “lines resistance” for the 
various loadings. 

The. preferred method design previously outlined, although cumbersome, 
has always produced safe structures and, therefore, used. With good 


Record, March 12th, 1910, 298. 
Transactions, Am. Soc. E., Vol. XLIII (1900), 37. 
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concrete, the factor safety high, has been proved many times. Arches 
designed for the normal loading ft. earth plus live load 100 lb. 
per sq. ft. have safely carried load ft. earth. Cases are also 
record other arches carrying heavy concentrated loads far excess those 
anticipated. example still more severe test, arches unsupported 
the crown have been loaded least four times the allowable load, thus 
proving the strength the structure. Groined arch roofs have failed, but, 
each case, the failure has been due faulty foundations, poor concrete, 
unusual stresses certain times during construction. cases are 
record groined arches that have failed account poor design 
even excess loading. 


TABLE ARCHES FOR RESERVOIR Roors. 


columns 


feet. 


Location. 


Rise intrados 
feet. 
Crown thickness 
feet. 
Rise extrados 
(A), feet. 
Span, center 


Clear span 
feet. 


Average thickness 


(3) 


Watertown, 
Providence, 10.250 
Springfield, 
Toronto, Ont., 
Owen Sound, Ont 
Washington, 
Superior, 12.000 
Washington, 
Roland Park, 
Philadelphia, Pa........ 
Lawrence, Mass....... 
Pittsburgh. 
Philadelphia, 
Grand Rapids. 
Philadelphia, 
Milford, Mass........ 
Mass........... 
Cleveland, Ohio............. 
Columbus, Ohio............ 
Washington, D.C.... 
Pittsburgh, 15.700 
New York 
Minneapolis, 
Montreal, Que., 
Cleveland, 


~ 


or 


a> 


~ 
oa 


1 
2. 
2. 
2. 
2. 
2 
3 
8. 
2. 
3. 
3 
4 
4 
5 


. 


Under construction proposed. 


Notwithstanding this proved strength, however, the method designing 
groined arches empirical, and strict mathematical even logical method 
their design impossible. This statically indeterminate condition due 
principally the multiplicity the points support that, although the 
loading the groined arch roofs symmetrical and easy compute, is, 
nevertheless, practically impossible develop formula that will give 
logical distribution the stresses caused the loading. The flat slab type 
concrete structure statically indeterminate for the same reason. The 


1908 
1909 
1908 
1909 
1911 
6 1910 
1908 
1899 
1900 
1912 
1907 
1907 
1908 
1904 
1912 
1907 
1902 
1909 
1916 
24 1908 
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preferred method design for groined arch roofs that which gives 
the greatest unit stresses and, therefore, the highest factor safety. The 
labor involved this method can appreciated the fact that the 
average engineer, unless experienced this work, usually will require 
month lay out, investigate, check, compare, and finally select groined 
arch for important structure. Simple, rational formulas have replaced 
the lengthy methods originally used the design flat slab roofs that 
consistent with economical engineering practice that, possible, the 
complicated method design groined arches should replaced with much 
simpler methods. 

Strength and economy are the two most important items the design 
groined arches. Table presents comparison thirty typical groined arches. 
The dimensions and general data for most these arches have been taken 
from table compiled John Gregory, Am. E., and published 
article* Armstrong, Am. Soc. E.. The arches are listed 
according the length span. The ratios given Columns and and 
the average thicknesses the groined arch roofs given Column 11, have 
been the writer. 

Table gives summary the various unit stresses and crown thrusts 
obtained few typical arches. each case, the stresses were calculated 
the method “least crown thrust” outlined previously. 


TABLE Stresses anp Crown Turusts METHOD 
“Least Crown ror GROINED ARCHES. 


ARCH STRESSES FOR LOADING 
100 LB. PER FT. 


Span, 
ao 
17.96 0.50 2.25 20.292 310 148 267 
17.96 4.00 0.50 20.292 120 142 
17.96 4.50 0.50 2.50 20.292 640 129 210 


Tables and present number interesting comparisons which will 
discussed the order their importance. 

Groined Arch Roofs—The form groined arch reservoir 
roof invariably selected designing engineers consists one which the 
intrados formed semi-elliptical cylindrical surfaces and the extrados 
parabolic cylindrical surfaces. The arches listed Tables and are 
this type. The elliptical shape the intrados lends itself systematic 
arrangement the column supports and the flattened form the arch allows 
for long spans with minimum loss head-room. The parabolic extrados, 
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its turn, gives uniformly increasing thickness the arch. Taken together, 
the two curves are excellently adapted for groined arch reservoir roofs, and 
conceive that more effective curves could used. 

Span.—The length span more question economy 
than strength, although strength important item for investigation. 
the columns are long, the span should also long, order save concrete 
reduction the number columns. The must also include 
the average thicknesses the roofs, and several comparisons should made. 
Confidence the strength groined arch roofs has increased rapidly the 
past twenty years and the tendency use longer spans than was customary 
the early days. Spans short ft. would hardly considered 
the present time, unless the groined arch roof was intended support very 
heavy loads, such filter tanks. For columns less than ft. length, the 
average span used present about ft., center center columns; 
whereas for columns ft. length, the span usually ft. 
span ft. probably the maximum which could recommended for 
groined arch roofs. 

(c).—Crown shown Table the crown thickness every 
case has been taken in., and the comparison, therefore, simple. 
might argued that the crown thickness for the arches with the shorter spans 
could less than that given, but this not the case. With the loads 
question (normally ft. earth plus live load 100 per sq. ft.), the 
in. thickness about the minimum that could recommended. Engineers 
feel responsible for the safety the structures they design and hesitate use 
excessively thin sections, although calculations may indicate that such sections 
are thicker than necessary. will readily seen, however, from Table 
that thickness greater than in. uncalled for, all 
the compressive unit stresses the crown are less than 
150 per sq. in. reasonable increase the loading, 
the length the span, would possibly give max- 
imum compressive unit stress the crown 300 lb. 
per sq. in., but even this would safe. The use in. 
for the crown thickness for all concrete groined arch re- 
servoir roofs, therefore, does not seem unreasonable. 

(d).—Average Thickness Roof.—In order make 
study the economy the several groined arches selected 
for comparison, necessary calculate the volume 
concrete contained each. This study easily made Fic. 
formulas derived Mr. John Gregory and Fuller, Am. 
The volume (V) single square groined arch roof section (Fig. 1), above the 
springing line the intrados follows: 


to 


H 
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which, 

one-half the clear span; 

rise intrados; 

one-half the span, center center, columns; 
rise extrados; and 

crown thickness. 


When the clear span, crown thickness, and span, center center, 


become constants which may expressed and k’. The formula for 
volume then becomes: 


5.00 
CURVES SHOWING AVERAGE 


THICKNESS TYPICAL GROINED 
ARCH ROOF WITH VARIABLE VALUE 
FOR RISE INTRADOS 
Clear Span =17.96 ft. 
Crown Thickness =0.50 ft. 


aan Span Center to Center 
of Colamns =20.292 ft. 


Rise Intrados Feet 


3.75 
0.7 0.8 


Fig. 


CURVES SHOWING AVERAGE 
THICKNESS TYPICAL GROINED 
ARCH ROOF WITH VARIABLE 
FOR RISE EXTRADO 
Clear Span ft. 
Crown =0.50 


Span Center to Center 
of Colamns =20.292 ft, 


Rise Extrados Feet 


Average Thickness Roof Feet 
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The average thickness the groined arch roof, which convenient 
method expressing the volume, then obtained dividing the volume 
(4c?) the total projected area the groined arch section. All dimensions 
should given feet. Tables and have been calculated order 
show the effect the change the rise the intrados and extrados the 
volume concrete. Table the rise the intrados has been made the 
variable and, Table the rise the extrados has been made the variable. 
The curves (Figs. and have been plotted from the results given Tables 
and will observed that the average thicknesses the groined arch 
roofs increase directly with the increase the rise the intrados and 
inversely with the rise the extrados. For the purpose comparison, tables 
and curves similar those just mentioned should prepared for each new 
span selected for investigation. will also found that the average thick- 
ness decreases directly with the span. The volumes concrete contained 
the columns must included the final comparison. 


Roor VARIABLE VALUES FOR THE INTRADOS. 


Span, 
feet. 


0.50 
17.96 8.75 0.50 20.292 0.209 0.471 0.661 
4.00 2.00 0.50 20.292 0.445 0.693 
4.25 2.00 0.50 0.237 0.422 0.726 
4.50 2.00 0.50 20.292 0.252 0.400 0.758 
17,96 4.75 2.00 0.50 0.265 0.381 0.792 
17.96 2.00 0.50 20.292 0.278 0.364 
8.75 2.25 0.50 20.292 0.209 0.530 0.618 
17.96 4.00 2.25 0.50 20.292 0.223 0.500 0.652 
17.96 4.25 2.25 0.50 20.292 0.287 0.474 0.684 
17.96 4.50 2.25 0.50 20.292 0.252 0.718 
17.96 2.25 0.50 0.265 0.428 0.750 
17.96 5.00 2.25 0.50 20.292 0.278 0.409 0.782 
17.96 8.75 2.50 0.50 20.292 0.209 0.588 
17.96 4.00 2.50 0.50 20.292 0.223 0.556 0.610 
17.96 4.25 2.50 0.50 0.287 0.526 0.642 
17.96 4.50 2.50 0.50 20.292 0.500 0.675 
17.96 2.50 0.50 0.265 0.476 0.708 
17.96 5.00 2.50 0.50 20.292 0.278 0.454 0.742 
17.96 8.75 0.50 20.292 0.209 0.647 0.586 
4.00 2.75 0.50 0.612 0.567 
17.96 4.25 0.50 20.292 0.287 0.580 0.602 
17.96 4.50 2.75 0.550 0.684 
17.96 2.75 0.50 20.292 0.265 0.524 0.666 
17.96 5.00 0.50 20.292 0.278 0.500 0.700 
17.96 8.00 0.50 20.292 0.209 0.706 0.494 
17.96 4.00 3.00 0.50 20.292 0.667 0.526 
17.96 0.50 20.292 0.287 0,682 0.558 
4.50 8.00 0.50 20.292 0.600 0.593 
17.96 8.00 0.50 0.265 0.572 0.625 
8.00 0.50 0.278 0.545 0.657 


(e).—Rise rise the intrados usually considered one 
the more difficult questions solve the design groined arch roofs, 
this factor involves question both strength and economy. Fig. plotted 
from data given Table shows the comparison the rise the intrados 
the clear span. The rise the intrados observed increase gradually 
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with the increase the clear span, and the average rate this increase 
shown the curve Fig. the equation which is: 


Roor wiTH VARIABLE VALUES FOR THE 


w 


The rise the intrados used the average groined arch roof, there- 
fore, may expressed being approximately equal one-third the clear 
span minus the constant (1.5). The effect the rise the intrados the 
strength the groined arch shown Table which may noted 
that the unit stresses and the unit shares decrease steadily with the rise 
the intrados. Referring Tables and and Figs. and however, 
observed that the average thickness the groined arch roof increases directly 
with the increase the rise the intrados. These two conditions, therefore, 
are opposed each other, and necessary make careful study both 
order arrive logical selection the most suitable dimensions.. 

The ratio the rise the intrados the clear span given Column 
Table this ratio varies between the approximate limits 0.20 
and 0.25, the rise the intrados, therefore, may also expressed approxi- 
mately equal one-fifth the clear span for the shorter spans and one- 
fourth the clear span for the longer spans. 


x 
y 1.5 
or, 
b 26; 
17.96 0.661 
0.618 
17.96 0.577 
17.96 
17.96 0.194 
17.96 0.693 
17.96 0.652 
17.96 0.610 
0.567 
0.526 
17.96 0.726 
17.96 0.684 
17.96 0.642 
15 17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
17.96 
28 17.96 
17.96 500 0.700 
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(f).—Rise rise the extrados used the average 
groined arch given Table which also (Column 10) given the 


ratio the rise the extrados the sum the rise the intrados 


and the crown thickness. general, this ratio observed have 
approximate value 0.50, and the average rise extrados used, there- 
fore, may expressed being equal one-half the total rise the arch, 
that is, the sum the intrados and the crown thickness. will observed 
further that the unit stresses increase directly with the rise the extrados 
and that the average thickness the arch increases inversely with the rise 
the extrados. These two conditions, therefore, are also opposed each other, 
and necessary make careful study both order make logical 
selection the most suitable dimensions. 


SHOWING COMPARISON 
RISE INTRADOS 

CLEAR SPAN FOR GROINED 
ARCHES LISTED TABLE 


Philadelph 


Fig. 


Stresses and shown Table the compressive 
unit stresses obtained the calculations for groined arch roofs are much 
lower than those normally used the design other concrete structures. 
result this condition, the specifications generally call for concrete con- 
taining relatively small quantity cement, the proportions the mix 
usually selected being either 1:2.5:5 1:3:5. The saving cost the 
cement alone over 1:2:4 mix, therefore, from per cent. 
structure containing 10000 cu. yd., and with concrete $15 per cu. yd., this 
saving would about the total cost. this connection, well call 
attention certain other phases this question. the first place, the unit 
stresses obtained are hardly more than guesses and not altogether wise 
place too much the calculations. the second place, the 
unit shears are relatively high and there is, perhaps, danger 
this condition case extremely lean concrete mixtures are used. general, 
believed unwise use concrete mixtures leaner than 1:2.5:5, and, 
many cases, 1:2:4 concrete perhaps preferable. 

Summing the various comparisons, will convenient express the 
final results the form few simple rules, follows: 
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(a).—The form groined arch roof which the intrados consists 
semi-elliptical cylindrical surface and the extrados cylindrical 
surface excellently adapted this type construction and, therefore, 
should used. 

(b).—Spans from ft., center center, columns may used 
with safety. Economy will always call for long columns with long spans. 
selecting the most suitable length span, the calculations should always 
include the volume concrete the roof. 

(c).—A crown thickness in. may used satisfactorily for practically 
all groined arch reservoir roofs. 

(d).—The average thickness volume the groined arch reservoir roof 
should carefully for all trial arches selected, this factor 
important guide the determination the most suitable arch used. 

general, the rise the intrados (taken only the nearest 
0.25 ft.) should about equal one-third the clear span minus 1.5, 

(f).—In general, the rise the extrados (taken only the nearest 0.25 
ft.) should about equal one-half the sum the rise the intrados 

unit stresses obtained the should used with 
caution, and should realized that these stresses are somewhat problem- 
atical. general, the proportioris used groined arch roofs 
should not leaner than 1:2.5:5 mix, and, many cases, 1:2:4 mix 
preferable. The normal loading for the roof usually taken ft. earth 
plus live load 100 per sq. ft. 


and the clear span, that is, 


The question whether use groined arch flat slab roof for 
reservoir one which frequently involves differences opinion. Both 
types are acceptable, although, certain cases, one type preferable the 
other. For small, shallow reservoirs area of, say, less than acre, the 
flat slab roof may more economical, account the lower cost form 
work, and, perhaps, better standardized methods construction. For larger 
and deeper reservoirs, however, covering area several acres, the groined 
arch roof will prove much more economical than the flat slab roof. 
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Discussion* 


assume that, some time, all railroads will have provide for such engines 
the enormous ones described the paper. Although true that cars 
any kind may encountered any railroad, they may pulled small 
engines, and bridges should provide for these minimum. Such engines 
those described the paper are for exceptional places, very heavy tonnage, 
and heavy grades, and are not likely found roads which not have 
such grades and business. The load heavy cars, expressed weight per 
foot, does not express their effect bridges. For instance, the car the 
Norfolk and Western Railroad Company, 346 lb. per ft., has maximum 
effect shear little more than E-48 and moment, E-47. gondola 
the Pennsylvania System, 980 lb. per ft., overloaded 10%, has maximum 
effect E-44.5 when solid trains, but alternated with cars 
fully loaded, has effect E-31 spans ft. and more. 

The typical engine described the author does not resemble engine 
and only load per foot and his loading might well used. This 
would require purchaser turn the engine desires into loading. 
Although the tractive power not generally runs about 
22% weight drivers—an loading, line with maximum grades 
0.5%, would haul more than could handled. 


This discussion (of the paper Steinman; Am. Soc. E., published the 
May, 1922, Proceedings, and presented the meeting the Society September 6th, 1922), 
printed Proceedings order that the views expressed may brought before all 
members for further discussion. 

Cons. Engr., St. Louis South Western Railway, St. Louis, Mo. 

Received the Secretary, June 9th, 1922. 
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preparing the 1920 specifications, the Iron and Steel Structures Commit- 
tee the American Railway Engineering Association, canvassed carefully all 
kinds loading and finally decided the Cooper series being the most 
suitable. The specification for spans and less; for longer spans, 
the same loading “per foot” could used, and, for long spans, the floor and 
some members are designed the Cooper loading, but the trusses are 
“per foot” basis. 

The author states that his loading provides for future increase. The 
A.R.E.A. loading also allows for future increase using unit stress 
after adding impact. This has been criticized some engineers. 
Why not use the actual safe stress of, say, 20000 22000 per sq. in.? 
the loading allows for increase, consider with unit stress 000 
which the same adding 25% the Cooper loading. Then, taking Fig. 
and adding 25% the Cooper E-60 brings curve practically the same 
M-60 ft., after which little above that loading. Few railroad 
companies the West would care build their trestle bridges for such 
loading. 

Some years ago, the writer made comparison different kinds engines, 
with the Cooper loading, using E-55 base. Through the courtesy the 
Baldwin Locomotive Works, many diagrams were obtained. These diagrams 
were reduced equivalent load 55000 lb. each driving axle, and 
either the shear the moment was plotted, the highest value being used, but 
the following load only assumption, the supposed bridge was deck 
girder 120 ft. This diagram+ indicates that the engines the Santa 
type would make fairly regular curve 120 ft., they probably would not 
“double-headed”. following load about 7000 Ib. (which about the 
weight per foot the engine itself) might used. With regard the Cooper 
loading not representing the actual, consider the effect consolidation 
engine (double-headed), rated about E-42, 200-ft. span originally built 
for the Cooper which approximately E-25. The Cooper rating will range 
from E-37.58 E-39.59 for the lower chord members, and from E-37.65 
E-45.61 for the web members. 

The Santa type seems favorite; Record the Baldwin Loco- 
motive Works, which dated 1917, states that between 1903 and 1906, the 
Atchison, Topeka and Santa Railway Company had bought 160 locomotives 
and had since bought more; that the Chicago, St. Paul, Minneapolis and 
Omaha Railway Company had bought engines; the Texas and Pacific Rail- 
way Company, 26; the Duluth, Missabe and Northern Railroad, the Chi- 
cago Great Western, the Union Pacific, 27; the Chicago, Burlington and 
Quincy, 66; the Lehigh Valley, 76; the Southern, 55; the St. Louis, San Fran- 
cisco, 60; the Bessemer and Lake Erie, 20; the Baltimore and Ohio, 30; the 
Erie, 20; and, to-day, are their way the Southern Pacific, 

The average weight these locomotives (all super-heater) 548 745 
drivers, lb.; power 72973 lb. (equal 24.78%); length, 
ft. in.; weight per foot, and weight per pound tractive power, 


Proceedings, Am. Soc. E., May, 1922, 1059. 
Published Engineering News, October 23d, 1913, but without the Erie Triplex. 
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7.52. Comparing these with nine Consolidated locomotives, taken random, 
have: Weight, 336 155 drivers, 191 711 tractive power, 008 
(equal 24%) length, ft.; weight per foot, 938 lb.; and weight per pound 
tractive power, 7.36. Six ten-wheelers gave 22% tractive power, with 
average weight per pound tractive power indicates that the 
Santa type carries more load proportion than Consolidated engine, 
not superheated, and less than ten-wheeler. 


performed valuable work his the bases underlying much 
present practice specifying train loads, and making evident some the 
inconsistencies involved attempting adapt present-day conditions 
encient generalization, which, although excellent its day, has outlived its 
usefulness. His constructive suggestions merit the careful consideration 
the bridge engineer, and are especially timely view the current dis- 
cussion the “Tentative Specifications for Steel Railway Bridges,” submitted 
the Special Committee Bridge Design and Construction. 

reading the paper compels one realize that, although stresses and 
sections computed the “twentieth part one poor scruple”, rivets numbered 
and placed with the minutest attention primary, secondary, even tertiary 
stress, and impact coefficients determined with the utmost refinement, the 
completed structure may far from good, not designed for the loads 
actually carried once, reasonably expected during its life. 

The author’s recommendations new specification the amount and 
distribution train loads, based his study much pertinent data, are 
advanced three forms, the second and third which are derived from 
the first, and are shown possess advantages due possible simplifications 
mathematical processes, These advantages are undoubted weight; but 
the second and third forms are “implicit functions” the first, reflecting all 
its possible imperfections, and tending remove the nub the argument 
step farther any discussion the merits the author’s suggestions. 

would seem preferable drawing any specification, state the funda- 
mental requirements, rather than the results conclusions drawn therefrom 
methods which themselves may open argument. Accordingly, confin- 
ing the discussion the proposed conventional axle-load diagram (Fig. the 
author’s determination M-60 after careful study the stress-producing 
effects the heaviest existing locomotives, and his subsequent building 
series diagrams bearing simple ratios M-60, the manner 
the Cooper loading, important step the direction introducing 
and modern standard load system for the economical design rail- 
road bridges and for the rating comparison their carrying capacities; 
system which the need great consequence the changes locomotive 
construction which have taken place since the Cooper system loading was 
devised. 

Although professional opinions may differ the degree approximation 
the truth attained the use the proposed conventional system, its 
adoption would tend toward augmented economy and the elimination 

New York City. 


Received the Secretary, June 12th, 1922. 
Proceedings, Am. Soc. E., May, 1922, 1060. 
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many unprofitable complications inseparable from the use obsolete load 
specification. 

Although the writer’s opinion that neither the second nor the third 
form the author’s should appear load specification, 
both them, with the diagrams, will commend themselves 
“short-cuts” for use under suitable circumstances. 


tables and diagrams clearly show that, the Cooper series, there lack 
balance between the locomotive axle concentrations and the uniform train 
load. The maximum axle load ten times great the train load per linear 
foot, whereas the case the heaviest loadings now use this ratio about 
thirteen. For some locomotive loadings the discrepancy not great; for 
instance, the last three loadings the group seven presented the author 
are fairly well represented the Cooper E-60 loading. these 
same locomotives were followed lighter uniform loading, such the 
210 cars assumed committee the American Railway Engineering 
its study the moments and shears produced modern 
locomotives and cars, the Cooper loading would again out balance. 
seems desirable, therefore, make the axle loads heavier proportion 
the uniform train load than done the Cooper series. 

Modern locomotives differ greatly the arrangement and spacing axle 
loads that single type can found represent all them, unless 
more less conventional system, such the author’s first alternative loading. 
composite loading derived from number different types heavy loco- 
motives will undoubtedly more nearly representative future loadings than 
any single loading series, and, consequently, will make more adequate pro- 
visions for future developments locomotive design. 

the three alternative loadings proposed, the writer prefers the loading 
formula, far the simplest and most direct. There seem two 
principal objections its use: First, that does not give graphic picture 
diagram the axle concentrations and uniform load which corresponds; 
and, second, that not close enough agreement with the composite load- 
ing. These objections are outweighed the advantages which are well stated 
the author. 

regard the first objection, which relates the lack loading dia- 
gram, there reason why approximate equivalent loading, such the 
author’s first alternative, should not used connection with the formula 
show approximately the loads provided for. 

Concerning the second objection, that relating the differences the 
formula loading and the composite loading, may pointed out that, inas- 
much different locomotives use give widely different results, and there 
way knowing exactly the future trend locomotive design, these 
discrepancies are minor consequence. 

However, desirable so, practicable devise formula which 
will agree much more nearly with the composite loading than that the 

Cons. Engr. (Cochrane, Willrich and Johnson), Tulsa, Okla. 


Received the Secretary, June 19th, 1922. 
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author’s proposed 
formula. formula. 


author’s proposed 
formula, formula. 


author’s proposed 


Span formula. formula, 


length, 
feet. 


age age 

varia- 
tion. tion. 


age age 

varia- 
tion. tion. 


Percent- Percent- 


Amount. Amount. 


Heaviest locomotive 
loading. pounds. 
(Plate 
loading, pounds. 

(Plates and XIII). 

Heaviest locomotive 
loading, pounds. 
(Plate 


Heaviest locomotive 
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author. Such formula might not quite simple appearance that 
the author, but would practically convenient use. The follow- 
ing suggested alternative the author’s formula, using the same 


This formula reduces to: 
000 


000 


4400 for mid-span moments. 
This formula agrees with the composite loading practically close the 
first alternative loading. Table shows the values obtained the author’s 
formula and that the writer, also the percentages error based the 
maximum values the composite loading. will noted that for moments 
this formula gives series curves parallel the end shear curve. The 
Cooper loading different this respect, will seen. 

The Cooper E-60 loading can represented similar formula with 
practically the same degree accuracy that shown Table for the M-60 
loading. The general formula is: 


which reduces to: 


for quarter-span moments 


The degree accuracy this formula may determined comparison 
with Plate XI.* 


The author’s formula becomes: 


for shears 


000 


Proceedings, Am. Soc. E., May, 1922, 1047. 
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seems likely that any system loading that may adopted, can 


represented close enough for practical purposes general formula similar 
that just mentioned. 


The author’s suggestion regard the use formula (or charts and 
tables corresponding thereto), valuable one, and worthy adoption. 


Am. Soc. (by writer believes the 
tendency future bridge loadings will not toward increased driver axle 
loads, the economical limit rail service against it, but that the number 
drivers will increased where more traction unit demanded. also 
believes that when electrification railroads takes place, sooner later 
will, new motor diagrams will developed, aiming more uniform and 
equal maximum motor axle and axle loads, with view reducing main- 
tenance-of-way costs roadbed and structures. 

Referring the author’s request for expression preference concerning 
several alternate propositions for railway bridge loadings specifications, the 
writer’s preference follows: Specify the maximum local axle loads and 
spacing, the heaviest typical locomotive diagram, and the train load per foot 
track. 

This expression preference without prejudice the value and correct- 
ness the author’s carefully prepared paper and his conclusions and recom- 
mendations contained therein, The writer begs express his full apprecia- 


tion the labor involved and the service which the author has rendered 
the Profession its publication. 


wheel loading for locomotives used bridge design displace the 
Cooper loading, there doubt but that the Cooper loading diagram was 
scientifically developed, and that the time was adopted was the best 
and most efficient specification for the locomotives use. However, the pres- 
ent type heavy locomotive has outgrown the Cooper loading diagram and 
the writer thinks the point made Mr. Steinman well taken, namely, that 
the Cooper loading diagram will have modified materially the stresses 
railway bridges are uniform and waste material occur. 

The importance making this change brought out the aythor’s 
lations showing variation practically 40% stresses, and result 
his analysis, suggests three proposed engine loadings. 

The writer has studied this matter carefully with the Chief Engineer 
the Cincinnati, Indianapolis and Western Railroad Company, Passel, 
Am. Soe. E., and seems that the first suggestion, namely, “the proposed 
engine loading (M-60),” would the most desirable, for the reasons set forth 
the author, that this diagram represents the least departure from present 
practice bridge design, and more nearly represents graphically actual con- 
ditions. 


Cons. Engr., New York City. 
Received the Secretary, 5th, 1922. 
Received the Secretary, July 10th, 1922. 
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the design railway bridges for E-60 loading does not properly provide for 
the loading modern types engines and the actual axle loads used with 
such engines. few years ago, the writer was requested recommend 
bridge loading for new specifications. Although final recommendations 
were ever made, some preliminary data were developed, particularly 
the weight engines service the railroads the United States. The 
tentative conclusion was that modern locomotive loadings were properly pro- 
tected typical Santa engine with driver axle loads 000 assum- 
ing 20-ft. driver wheel-base and total wheel-base ft. the engine and 
tender. 

The author recommends loading equivalent E-75 for short bridges 
followed, for the longer structures, with uniform train load lb. per 
lin. ft. Such loading equal greater than that any locomotive 
now service. may questioned whether railroad executives will approve 
such heavy loading. The Profession and railroad bridge engineers 
general, can recommend only such heavy loadings are any appre- 
ciable extent, and such are indicated the trend manufacture, shown 
locomotives built. 

indicated previously, considered that E-60 loading does not prop- 
erly protect the drivers Santa engines, nor properly care for the heavy 
axle loads now being used. Attempts emphasize such facts are usually met 
with the claims that the heavy driver axle loads are exceptional and required 
the use special experimental engines engines designed for special and 
particular operating requirements, together with the further claim that the 
Santa type not necessarily permanent type and great number 
such engines are service. 

Table statistics are given, compiled largely from the Railway Age 
Gazette, showing locomotives for use the United States, ordered for each 
year from 1911 1921, inclusive. Table gives the variation weight the 
several types heavy engines, together with the approximate average loading 
per driver axle. These data would indicate that most the heavy engines 
service have driver axle loads between 000 and 000 

Table contains data, compiled from special articles, showing heavy driver 
axle loads. will noted that average driver axle load exceeding 000 
lb. common, that this loading high 67000 for three different 
orders, and that, one high 72400 lb. The last loading and 
the highest single axle loading 000 lb., are for single engine. 

The recent tendency locomotive design toward the increasing use 
the Mikado and the Santa types engine, with little change regards tke 
use Mallet engines. The heavy Mountain type passenger engine more 
demand. This type virtually adaptation the Mikado type for pas- 
senger service. account the extended wheel-base, its loading, from the 
standpoint bridge design, may neglected, will lighter. than the 
Mikado engine. During the last four years, the data presented show that 


Bridges, Southern Ry. System, Lines West, Cincinnati, Ohio. 
Received the Secretary, July 15th, 1922. 
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15% the engines ordered are the Santa type and that 60% are 
strictly heavy power, with driver axle loads from 


TABLE 6.—LOCOMOTIVES FOR USE THE UNITED STATES. 
(ORDERED 1911 1917, INCLUSIVE.) 


Type. 1911. 1912. 1915. 1916. 1917. 


(ORDERED 1918 1921, INCLUSIVE.) 


Other types 


Total for railroad..... 


1918 1921, INCLUSIVE.) 


Type. Number. Percerttage. 


5.7 


Total for railroad.......... 4750 


TABLE 7.—WEIGHTs LOCOMOTIVES ORDERED FOR USE THE 
UNITED STATES. 


2-6-6-2. MALLET, 


Total. 
Average 
driver axle 
Average 
driver axle 
(approx.) 
Average 
driver axle 
(approx.) 
Average 
driver axle 
(approx.) 


000-890 000-61 427 000-440 000-61 000) 540 000- 


861 000 000-60 000 364 000-441 000-61 476 000-494 000-55 000) 494 500/58 500 


Mallet 112 168 120 218 
Type. 1918. 1921, 
MALLET, | 
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TABLE DRIVER AXLE LOADS. 


Average Highest Driver 
driver axle driver axle wheel Authority. 
load, pounds. load, pounds. base. 
2-10-2......... 67 400 68 800 22 ft. A. Rk. E. A., No, 223. 
58 300 59 400 40 ft. 344 in A. R.E. A., Bulletin No: 223. 


appears obvious the writer that, selecting proper bridge loading, 
the Santa type can more ignored than any other type engine. 
that fact once granted, follows that many short spans and the floor 
systems the through spans designed for E-60 loading will, unit stresses, 
only take the Santa engines when the driver axle loads are reduced 
about 54000 lb. The tendency driver axle loading the reverse. 
railroad axle loads, with the old type engines, such 
the Consolidation, forced the need tractive power use 63000 
000 Ib. for axle loads its Mikado and Santa engines. 

considering broad matter like bridge building, affecting the develop- 
ment railroads for the next years, well keep close 
fundamentals. The types and weights which have developed within the last 
years are due ever-increasing demand for tractive power. For pas- 
senger engines and freight engines the Mikado type, there the added 
demand speed. The Santa and Mallet types are probably restricted 
use with drag freights, and the Mikado engine most popular freight 
engine. The use trailer develops the full value the weight the four 
drivers, that the future any increased tractive power must obtained 
either increasing the weights the drivers, changing the type 
engine. From some standpoints, the change Santa Mallet type 
objectionable, that fundamentally seems reasonable that during the next 
few years there will increase the weight driver axles the Mikado 
type engine. Some railroads already are using about 000 per driver. 

-To obtain tractive power greater than that afforded the Mikado, 
necessary use more driver axles. This leads immediately the 5-axle 
Santa engine, the Mallet engine with its even axles. 

The extended wheel-base used with Mallet engines greatly reduces the 
bridge loading when compared with the E-60 loading. For floor systems and 
short spans, there such reduction with the 5-driver axle, Santa 
type. 

studying this matter few years ago, the writer compiled the diagrams, 
shown Fig. 13, which compare moment, shear, and floor-beam reactions for 
the following locomotives: 


"eT "SLT 


2 


Length Span Feet 


DIAGRAM SHOWING VARIATION OF MAXIMUM MOMENTS 


(Spans of 10’ to 100! are calculated for Maximum Moments. near the center ). END SHEARS AND FLOOR BEAM REACTIONS OF VARIOUS 
(Spans of more than 100‘ are calculated for Maximum Moments at the center) (DINGS 5 PER’ “60 
(Alternate load of 80,000 Ib. on each of two axles spaced 7‘ 0". to o. used for U.S.R.A. OAD} EXPRESSED AS PERCENTAGE OF COOPER'S E°6 
Mallet and Pennsylvania, D, & R.G. and Typical 65,000 1b. axle Santa Fé Engines.) 
(Altervate load of 75. .000 Ib, on each of two axles spaced, 7’ 0's. to c. used.for Typical 

60,000 Jb, axle Santa Fe and Cooper’s E-60.) 
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Percentage 


DIAGRAM SHOWING VARIATION vb ee MAXIMUM END SHEARS 
(Expressed as percentage of Cooper’s.E-60 and alternate load of 75,000 Ib, on each of 
two axles spaced 7'0'c, to c.) 
Alternate load of 80,000 Ib. on each of two-axles spaced 7/0'"c. to used for U.S.R.A. { 
Mallet and Pennsylvania, D, & R.G. and Typical 65,000 Ib. axle Santa Fe Engines. 
Alternate load of 75,000 Ib. on each of two axles spaced 7'0'c. to ¢. used for Typical 


60,000 Ib, axle Santa Fe and Cooper's E-60, 
inte Fe! | | 


1 65,0 Ibe driver axle Santa Ib.) 


Cooper’s E-60 =100% (2 Engine 
* 


§ 


DIAGRAM SHOWING VARIATION OF MAXIMUM FLOOR BEAM REACTIONS 
% (Expressed as percentage and alternate load of 75.000 Ib, on each of 
two axles spaced 
Alternate load of 80,000 each of two axles spaced to ¢. used for U.S.R.A. 
Malet and Pennsylvania, D, & R.G. and Typical 65,000 Ib. axle Santa Fe Engines. ras 4 ry 
Alternate load of 75,000,1b. on each of two axles spaced 70's. to c. used for Typical r 2 
60,000 Ib, azle Santa.Fe and Cooper's. E-60, 


2-Bypical 60, 
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Railroad Administration, heavy, Mallet engine the 2-8-8-2 

type, assumed representing about the heaviest Mallet engine that 

would used, except special locations meet peculiar operating 
requirements. 

2.—A Denver and Rio Grande Santa engine weighing 428 500 lb. This 
assumed typical the heaviest Santa engines built. 
should noted that the wheel-base somewhat extended. 

3.—A typical Santa engine with condensed wheel-base and Ib. 
per driver axle. 


4.—A typical Santa engine with condensed wheel-base and 60000 lb. 

per driver axle. 

5.—An E-60 loading. 

6.—A special engine the Pennsylvania Railroad, Santa type, weigh- 

ing 442 840 

The plotting data for the last engine was practical value. was 
interesting showing the percentage which exceeds other loadings more 
generally use. These diagrams (Fig. 13), support the statement that for 
spans excess about 100 E-60 loading about heavy enough, 
far trusses are concerned, regardless type engine weight drivers. 
However, these diagrams also show that for concentration five axles 
20-ft. wheel-base, with per axle, the loading demand for floor sys- 
tems all bridges and for many short spans from 20% greater than 
that provided for the E-60 design. 

Five 000-lb. driver axle loads, spaced ft., with condensed wheel- 
base for the entire locomotive and tender, will protect all the engines commonly 
used. Under certain types locomotives, the loading will give extra strength 
the floor system and hangers truss bridges, and short spans. This will 
give only needed protection such metal against corrosion. the life 
steel bridge assumed only years, the loss strength floor 
systems that time alarming. The menace corrosion, resulting from 
brine drippings, and from policy paint maintenance controlled the net 
income railroad, would justify the use reduced unit stresses the 
design such parts. Certainly, demands that floor systems originally 
designed that they will not weak under engines which represent 
25% those purchased the last four years. 

Regardless criticism the heavy loading proposed the author, 
appears self-evident that the E-60 designs are outgrown protec- 
tion the types engines service. The Committee Iron and Steel 
Structures the American Railway Engineering Association has defended the 
retention the Cooper system loading, spite representations its 
inadequacy protect the Santa engines. Criticism has been answered 
the statement that the loading the Santa engines will protected 
the use the E-65 loading instead the E-60. the author has clearly 
pointed out, this results loading for long bridge spans, which excessive, 
and increase uniform train load, which not warranted. 

fundamental psychological factor further involved which should not 
ignored. For years, executive officers, and transportation officials generally, 
have associated the E-50 and E-60 loadings with corresponding axle loads 

and 60000 Ib. unreasonable expect that such executive officers 
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will understand and approve loading called the E-65, which does not protect 
axle loads Further, extremely difficult obtain the approval 
expenditures when the implied loading decidedly greater than the axle 
loading the engines use, those likely purchased. 

Railroad officials generally are being educated the fact that new bridges 
designed for ordinary unit stresses have factor safety sufficient allow 
the operation any type engine weight driver axle. Such 
naturally, cannot expected particularly interested consistency 
design which will permit proportional increase axle. load for all types 
engines operated. the function the Profession, and railroad 
bridge engineers, particular, such loading will con- 
sistent for all types power which are likely operated and which, 
the same time, will appeal financial and executive officials properly con- 
servative and based axle loads modern heavy power. 

hoped that, the discussion this paper, criticism the 
extreme high loading which the author recommends shall not allowed 
cloud the essential facts which has ably presented, namely, the inadequacy 
the Cooper system loading ordinary unit stresses design properly 
care for the present engine loading and for such engine loading 
sonably expected the next years. 


America bridge designing during the last four decades been marked 


from time time certain epoch-making papers, usually presented the 
Society and thoroughly discussed its members. these papers and their 
discussions mainly due the development bridgework from crude art 
advanced science. 


This paper worthy being included the list such epoch-making 
papers. The Society and the Profession are deeply indebted the author for 
his praiseworthy altruism undertaking such important investigation. 
The writer, for the last forty years, has been making somewhat similar studies. 
long ago 1892, paper entitled, “Some Disputed Points Railway 
Bridge treated considerable length the subjects railway 
bridge loadings and equivalent uniform Following the publication 
that paper, extended his investigations, and, later, wrote pamphlet entitled 
“The Compromise Standard System Live Loads for Railway Bridges and 
the Equivalents for Same.” This pamphlet evoked much discussion the 
technical press, some engineers were opposed the use equivalent load- 
ings, deeming exactness stresses sine qua non, and seeming forget 
that all assumed loadings are merely typical and that they will never more 
than approximately realized. 

The result the original papers and the ensuing numerous (and often 
quite warm) discussions was eventually bring into general use the simple 
and method calculating live load stresses bridges the use 


Cons. Engr., New York City. 
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equivalent uniform loads. those days, that method was much more 
accurate than present—for three reasons: 


the maximum and the average span lengths were then much 
shorter than they are now. 

Second.—The weight per linear foot the locomotives with their tenders 
did not then greatly exceed the weight per linear foot the loaded cars, 
whereas, to-day, the excess 50% more. 

Third—The modern locomotives are longer than those use three decades 
ago. 

goes without saying that the greater the excess locomotive weight, 
compared with that corresponding length loaded cars, the greater will 
the variations stresses computed the two systems—wheel loadings and 
equivalent uniform loads, 

Comparing Mr. Steinman’s investigation with that the writer previously 
mentioned, there great variation between them, respect both impor- 
tance and science treatment, there the weights present-day loco- 
motives and those that time. 

The author has shown that the “Cooper” loadings should relegated 
oblivion; and, the writer’s opinien, the proposed new system good 
can evolved for the purpose bridge designing. argument suggested 
reason for retaining the Cooper loading, namely, “that affords con- 
venient standard for rating bridges”, unsound, because the author’s M-60 
loading, with its proportionate M-10 unit loading, provides just convenient 
rating standard. 

The “rating standard” evolved Charles Loweth, Am. Soe, E., 
deserves considered one the “epoch-making” investigations the 
evolution bridgework, notwithstanding the fact that disassociated from 
designing. 

Concerning the author’s three suggested loadings, the writer opposed 
Loading No. being unscientific and illogical. has real raison 
for much more troublesome use than the equivalent-uniform-load 
method, and but little, any, more accurate. 

for Loading No. well retain and include the specifica- 
tions the typical wheel loading, but should clearly stated therein that 

Loading No. far the best, and should generally adopted. 
stated the author, “the most scientific principle and most convenient 
application.” In-the writer’s opinion, this claim cannot gainsaid. 

The specifying live load shown wheel diagram and using instead 
loading indicated formula that agrees therewith only approximately 
may objectionable some engineers; but what does matter there 
occasional difference few per cent. between the two methods when 
both them are merely arbitrary assumptions?’ overcome this objection 
and satisfy the quibblers, let the formula called the true standard and the 
wheel diagram its approximate graphic representation. 
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The thoroughness the author’s investigation and the clearness his 


presentation findings mark this paper one the best ever submitted 
the Society. 


Gustav Am. Soc. (by author’s pains- 
taking analysis the different locomotive loadings use for the design 
American railroad bridges valuable contribution subject which has 
been discussed for long time, but which not vexing usually assumed. 

The Cooper standard has become conventional, because sufficiently 
inclusive maximum effects from concentrated loadings locomotives and 
the grouping such loadings. When locomotives become heavier, 
venient assume heavier axle loads without disturbing the grouping. Some 
locomotive axle loads have already reached nearly 000 and some groupings 
wheel loads, 370 000 Ib. ft. There may further increases loads 
and changes wheel-spacing that cannot foreseen. times, bridges have 
whole trains dead locomotives. Meticulous accuracy, therefore, 
out place. 

The author’s proposed first method, substituting new and simpler wheel- 
load diagram for the Cooper diagram, seems preferable his other two pro- 
posed methods. would represent the smallest departure from present 
methods and sufficiently inclusive the maximum effects loads from 
any the seven locomotive-wheel diagrams illustrated his paper. The 
Cooper diagram should also illustrated this paper, that bridge engineers 
other countries may know without searching elsewhere what the Cooper 
E-60 loading represents. Trusses longer spans are less affected the 
heavier locomotives than those shorter spans, may also seen from the 
author’s Figs. and 

The floor construction merely succession short spans, therefore, 
suffers more than the trusses from increase locomotive weights. The 
larger allowance for impact floor members covers, certain extent, unfore- 
seen increases wheel loads. 

Fast trains which produce the largest impact stresses, usually have lighter 
locomotives. The heavy locomotives considered the author are used only 
with freight trains, usually only one-half the speed passenger trains, there- 
fore, smaller impact stresses are produced. probable that heavy axle loads 
plus impact produce smaller stresses than the lighter locomotives 


Mr. Steinman has made wonderful contribution the Profession the 
preparation his paper and has done great deal toward making changes 
loadings for railway bridges which many engineers have recognized neces- 
sary, but have been unable suggest the enormous amount 
work involved. has proved that the Cooper loading should replaced 

Engr., New York City. 
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one more accordance with the weights and axle arrangements modern 
railway rolling stock. has also developed equivalent uniform load which 
really “equivalent”, has taken into account the position the section 
which shear moment desired. Perhaps, would more accurate 
say that three systems equivalent loading have been developed, giving 
design results far more satisfactory than those the Cooper system. 

which these systems would best adopt, the writer would 
favor the first, the engine diagram, and might criticized for doing so, 
would seem that either the last two loadings would easier apply. This 
would true under ordinary circumstances, but with chart available, such 
given the author Plate XVII,* and table equivalent uniform 
loads, such that given Fig. one who dislikes the long computations 
involved stresses due wheel loads would make them. 

many cases, the position engine loading (even though hypothetical) 
the structure desired and the three schemes suggested the first the 
only one which would give this. One case which such information would 
desired would that complicated structure having broken influence 
line some segments which would represent positive and others negative 
stress and which the maximum stress would have determined trial 
positions the engine and train. 

Another point favor the engine diagram, the writer believes, that 
keeps the computer more touch with the principles involved the com- 
putation stresses due moving loads; and his belief that the engineer 
who computes stresses without understanding the underlying principles 
little use his employer. the first method was vogue, any com- 
puter would have the equivalent load time-saver and still not lose sight 
the loading producing it. 

The officials some roads prefer use their own engine diagrams the 
design bridges, and doubt they would find the engine diagram closer 
the conditions with which they deal and could use best basis com- 
parison with their loadings. such cases, the engine diagram would 
basis for “short cuts” such equivalent uniform load charts,and tables, and 
would seem that should and could the case the loadings. 

sum up, the writer’s belief that change bridge loadings should 
made and that simple, tangible system should adopted. Much could 
said for the simplicity the third method, but question whether 
railway bridge designers would care think bridge loading thing 
investigation that, for certain conditions, there considerable variation from 
the “composite” loading when the equation used. seems that use 
the author’s charts, tables, the first method will satisfy all requirements 
simplicity and tangibility, will give loading approximating most closely 
the “composite” loading, and, addition, will easy use bridge speci- 
fications. 


Proceedings, Am. Soc. May, 1922, 1059. 
Loc. cit., 1053. 
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While the subject railway bridge loadings, the writer wishes state 
that, branch roads, the controlling load the design bridges, especially 
short-span bridges, the train load instead the engine. illustrate this, 
compute the maximum live load bending moment the center 40-ft. plate 
girder span, the traffic which consists engine load followed Penn- 
sylvania railroad gondola cars 220000 lb. capacity, with allowance 
10% for overload. The weight these cars lb. will assumed 
that the engine equivalent E-50. According the author’s 
Table 3,* Cooper’s E-64 engine equivalent M-50 loading when the 
center moment 40-ft. beam considered. E-50 engine, therefore, 


would equivalent say M-40. The center moment due 


train the coal cars mentioned will exceed nearly 15% that the M-40 
engine loading. From this, would seem that attention should given 


this type loading well locomotive loading, especially when light loco- 
motives are used. 


bodies comprehensive not conclusive re-cast question which here- 
tofore has been in-a state general flux. comparative study, with 
re-valuation the essential factors, lighted the last word the mechanical 
motive power engineer, and evaluated the theory probabilities future 
locomotive development, likely clarify and standardize future specifica- 
tions loadings for many years. 

Viewing the paper from the human standpoint ethical ambition the 
part the author, expressive the best devotional spirit the Profes- 
sion. Too often this spirit contribution lost sight the reviewer who 
would apply his own yard-stick measuring engineering worth. 
this paper timely, because serviceable practical way. 

The redemption and the inspiration the Profession lie the contribution 
definite, usable, and needed technical asset. When such contributions are 
inspired altruistic vision rather than profit, the genius great profession 
finding its most lofty expression. 

this larger sense that the writer would commend the author. 
has shown the erratics the Cooper applications, or, states, “smoothed 
out the depressions,” and given the bridge designer more consistent and 
logical procedure for the determination his controlling stresses. 

safe assume that the equivalent uniform loadings, applied either 
directly through the author’s so-called Composite, will stand for long time. 

The engineering offices the motive power departments generally are turn- 
ing their attention the details boiler and cylinder performances, the 
metallurgy and the re-design revolving and reciprocating parts, and spe- 
cial devices, rather than any further increase multiplication axle 
concentrations. Road structures and clearances are putting peremptory 
estoppel further swelling the bulk dimensions locomotives. Mechanical 
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and improvements locomotives have been delayed too long, but the 
obsession now and will toward carrying them maximum finality. 

The ratios between heating surfaces, grate areas, and cylinder volumes have 
been digested and re-digested carefully. present, and hereafter, the man- 
datory that providing gas produce the greatest cylinder horse- 
power and obtaining greater calorific results per cubic foot firebox 
volume. Pyramiding further axle concentrations top obsolete steaming 
practice limbo. These considerations being true, the railway bridge 
designer may look forward with confidence extended period for the 
application the author’s thesis. 

Railway engineering has not been confined the bold projects territorial 
penetration, nor the conquest rugged and intransitable gorges, but covers 
also those masterful exploits which the patience, ingenuity, and genius the 
mechanical engineer and the bridge engineer have accomplished. has been 
Augustan Age from the days “Puffing Billy”, the grass-hopper locomo- 
tive, this hour the super-Mallet and its concomitants, the colossal canti- 
lever the awe-inspiring arch. The “Rocket” locomotive 1830, weighing 
tons, and the “Old Ironsides” 1832, weighing tons, were feeble but 
epochal beginnings. Ten years later, the pace had been trebled. 1842, 
Matthias Baldwin built for the Georgia Railroad, order from Edgar 
Thomson, its Chief Engineer, fourteen those famous “6-wheels-connected” 
locomotives. They weighed tons each, tons per axle. Messrs. Thom- 
son, Latrobe, and others those days, and, later, Meigs, Fink, Bollman, Howe, 
and their contemporaries were marking great strides bridge design. Yet 
the work each, has become obsolete and inadequate practice. Newer and 
better engines and stronger and bigger bridges were demanded. Within the 
last bridge designer must draw his specifications for the require- 
ments locomotives with two and even three groups drivers, each 
four five axles under concentrations 60, 70, tons, and some ponder- 
ous machines weighed much 449 tons—one hundred times more than the 


1890, the two heaviest loadings used were the “Lehigh Heavy Grade Engine 
Class” and “Class Extra Heavy A”. loading consisted two coupled 
Consolidation engines followed train designated many pounds per 
linear foot track. Each engine was ft. in. long, with tender ft. 


in. long. 
The “Lehigh Heavy Grade” engine weighed follows: 


The train load was 4000 per lin. ft. 


Bridges and Bldgs., Pennsylvania System, Pittsburgh, Pa. 
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The “Class Extra Heavy weighed follows: 


The train load was 000 per lin. ft. 

1894, Cooper his paper entitled, “Train Loadings for Railway 
Bridges”,* proposed the loading which since has been generally used. This 
loading consisted two coupled Consolidation engines, the length the 
engine being ft. and that the tender, ft. The train load was given 
many pounds per linear foot track. 

this loading, the various axle loads were expressed terms the driver 
axle load considered unity, that is, the pony truck axle load was 0.5; each 
the four driver axles was 1.0; and each the four tender axle loads was 
0.65. Thus, the weight the engine was 4.50 units; that the tender 2.60 
units, and the train weight per linear foot was 0.10 units. Cooper gave 
minimum the E-25, and maximum the E-40, loading. seemed have 
considered the latter the heaviest loading possible, and expressly said 
regarding the train load 4000 per lin. ft. 

When the axle loads increased between the limits named, there was 
change the axle spacing, therefore, computing moments, shear, for unit 
loads for this axle spacing, the finding these functions for any loading 
was merely matter multiplication. 

The advantages this loading are many, but the disadvantages are: 


(1).—That even 1894, the ratio tender axle load driver axle load 
0.65 was smaller than that actual engines; and the distance between the 
rear driver axle and front tender axle ft. was 30% actual 
engines the Consolidation type. 

(2).—The weight the train per linear foot was given one-tenth the 
driver axle load, that is, the train load fixed proportion the driver axle 
load. 

(3).—The method was clearly inapplicable engines type different 
from that assumed, namely, the Consolidation type. 


the weight engines the same type increases, the wheel-base and 
length increase, and although this not much account between the limits 
given Cooper 1894 for his proposed loading (namely, from E-25 E-40), 
consequence beyond E-40. short, the loading not appli- 
beyond Cooper’s upper limit: 

the train, there necessary relation between the weight train 
per linear foot and the driver axle load, or, more generally, the weight the 
driver axles. The gross weight the train whole depends the tractive 
power, and that again depends the load the drivers. Within the limits 
the Cooper proposed loading 1894 (E-25 E-40), this did not make much 
difference, E-40 engines were generally hauling trains, but the 
principle cannot extended E-60 engines greater. 


Am. Soc. E., Vol. XXXI (1894), 174. 
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his paper, previously mentioned, Cooper wisely remarks that “the ten- 
dency seek for ‘final standard’ any engineering construction, regardless 
changing conditions, harmful one,” and, the same token, the writer 
considers that for many years the “Cooper loading” has ceased standard. 
concurs with the author when states that “the time has come make 
fresh start, with system based the existing locomotive and train loads”, 
and the writer feels confident, that Mr. Cooper was still alive, would 
share this view and among the first devise new method and one which 
not only conformed existing engines and train loads, but looked forward 
and beyond. The author’s paper complete leave little room for dis- 
cussion. 

The writer studied the effects some the heaviest engines and train 
loads the Pennsylvania System, and prepared diagram which showed the 
“Cooper index” “equivalent” for each foot span 300 ft., for bending 
moments, shears, and cross-girder re-actions. The great variation the 
“Tndex” for the same engine fully exhibits the inadequacy the “Cooper 
loading” represent the stress effects modern heavy engines and trains. 
Table gives the principal data for the heavy engines the Pennsylvania 
System, compared with the Cooper E-60. 

Apparently, Cooper did not look forward the use engines other than 
those the Consolidation (2-8-0) type, and the data given for the heaviest 
engine that type used the Pennsylvania System (the H-10-s), shows the 
great difference many the ratios, which, the supposition extending 
the Cooper system loading beyond the E-40 given his paper previously 
mentioned, should the same. 

The H-10-s engine has Cooper equivalent index E-55 E-50, and 
being the Consolidation type, naturally shows less variation the index 
than the engines different Nevertheless, there are wide divergences 
the ratios. The Codper engine weighs 7.10 times the driver axle load, 
whereas the H-10-s weighs 7.61 times the mean axle load. The Cooper tender 
weighs 2.60 times the driver axle load, whereas the tender the H-10-s weighs 
3.18 times the mean driver axle load, or, differently expressed, the Cooper 
tender axle load 65% the driver axle load, whereas the H-10-s tender axle 
load 79.6% the mean driver axle load. 

would hardly fair dwell the divergences the ratios engines 
other types from the Cooper ratios. One could expect find Con- 
solidation engine the Cooper type, which would produce the same stress 
effects those caused such engine the N-1-s; therefore, here 
that the author’s suggested loading seems fulfill the requirements. 
makes all the heavy engines, and finds loading which will 
come measurably close the moments, shears, etc., caused this “composite” 
thus, all the irregularities the actual engines are eliminated. the three 
forms loading presented Mr. Steinman for replacing the Cooper 
loading, the writer much prefers the third. 

The Cooper loading has been incalculable service, not indeed for the 
design bridges, but for expressing the capacity existing bridges. has 
furnished base, now fully understood railroad men, whereby structures 
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TABLE 9.—COMPARISON PENNSYLVANIA SYSTEM HEAVY FREIGHT ENGINES. 


Total weight, engine and tender, pounds......... 


Weight engine, pounds per linear foot.......... 
Weight tender, pounds per linear foot.......... 
engine and tender, pounds per linear 
Weight driver axles, 
Number driver and diameter, inches.... 
Mean weight each driver axle, pounds......... 
Maximum weicht driver axle, pounds......... 
Tractive power, 
Boiler pressure, pounds per square inch.......... 
Ratio weight drivers tractive power........ 
Ratio tractive power weight drivers........ 
Ratio tender axle load mean driver axle 
Ratio length tender length engine....... 
Ratio length engine total length engine 
Ratio weight engine mean driver axle load. 
Ratio weight tender mean driver axle load. 
Ratio weight engine and tender mean driver 
Ratio weight per linear foot engine and tender 
mean driver axle 
Ratio welght engine tractive power......... 
Ratio weight engine and tender tractive 
marked capacity pounds.. 
weight per foot, H-21-train, mean driver 
Ratio weight per foot, mean driver 


Consolida- 
tion. 
2-8-0 


Consolida- 


tion, Mikado, 


2-8-2 


Santa Fe, 
2-10-2 


N-2-s 

2-10-2 
880 000. 
207 800. 


800. 


56.0 
87.4 


93.4 


786. 
557. 


L-1-s 

2-8-2 
885 100. 
191 300. 
526 400. 


50.0 


82.2 


0.1074 
5.14 


7.94 


0.1010 
5.45 


8.56 


Decapod, 


Santa Fe, 
2-10-0 


2-10-2 


2-10-0 
871 000. 
182 400. 


558 400. 


82.2 


81.8 


435 000. 
207 000. 


642 000. 


57.2 
34.0 


605. 


Mallet, 


Mallet, 
0-8-8-0 


460 000. 
210 000. 


84.0 


140 000.; overload 10%; weight 000 length ft.; weight per linear foot train 


220 000.; overload 10%; weight 000 length ft. 


0.0814 
0.1024 


0.0758 


0.0946 


0.0795 
0.10 


0.0699 
0.088 


0.0729 
0.0917 


weight per linear foot train 000 


0.0655 
0.0828 


0.0830 
0.1028 


For the the tractive 


the boiler pressure, except cases the and the H-C-1-s. 


power for mean effective pressure, 859% 
ased weight drivers. 


power 75% the boiler pressure, and for the H-C-1-s, 
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may classified and compared. taking actual engine and determining 
the stresses each member existing structure, and then dividing 
each stress, moment, shear, those due the Cooper E-1, the Cooper 
index for each member obtained, the lowest which gives the capacity 
the bridge. Any other typical engine would base, but the Cooper 
engine serves the purpose far better, principally because its general accept- 
ance. 

With the introduction, some years later, engines with trailers, and also 
engines the Mallet type, the use Consolidation engines for the design 
bridges could hardly maintained good practice, and such railroads 
had adopted the Cooper loadings their standard were soon compelled use 
different Cooper loadings for the different parts the same bridge, 
pointed out the author. Such practice not desirable. 

The defects the Cooper loading for the design bridges having keen 
clearly shown Mr. Steinman, the writer hopes that one the three 
methods presented will soon adopted the Profession. The writer earnestly 
desires the abandonment the Cooper loading for the design new bridges 
capacity greater than E-40, but has such wish with reference its 
use stating the maximum capacity existing structures; short, the 
Cooper loading should still maintained for use the base reference. 

With reference the design structures, the writer wishes that each 
railroad would consider the group its engines for which wishes pro- 
vide, form “composite” such engines, and then choose the loading 
(taking into account future development) that best fits its case, and use such 
loading its specifications. 

“Taking into account future developments,” stated previously, presents 
problem. Shall given percentage added each the engines forming 
the “composite”? Or, shall only those the group which one thinks will 
time increased considered? The easy way would increase each 
one the group given percentage—the better way consider the 
question further. The Mikado engine Consolidation engine with 
added axle—the trailer—which sense may called non-productive weight, 
does not increase the adhesion the drivers. the I-1-s engine, how- 
ever, the added axle driver, and, therefore, the adhesion increased. 

Comparing the L-1-s engine with its predecessor the H-10-s, the weight 
the drivers was increased only 94%, while the weight the engine increased 
32%, and the tractive power increased only per cent. Comparing the I-1-s 
engine with the H-10-s, the weight the drivers increased 41%, and the 
weight the engine increased 45%, whereas the tractive power increased 
per cent. The I-1-s would seem better and more economical development 
than the L-1-s. 

Again, compare the N-1-s with the H-10-s. The weight the drivers 
increased 47%; the weight the engine increased 70%; and the tractive 
power increased per cent. This does not seem economical develop- 
ment the and although the I-1-s weighs 96% the N-1-s, its tractive 
power greater, and the weight engine per pound tractive power 
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4.12 against 5.12 for the N-1-s; that is, pound weight the I-1-s 
more productive than pound weight the N-1-s. 

Thus, would seem that the I-1-s type engine was more likely 
increased the future than the L-1-s N-1-s types. 

The stress effects the I-1-s type not differ much from those the 
N-1-s; therefore, immaterial both were increased the same proportion. 
Prognosis engine development, however, extremely hazardous, the 


writer merely presents the facts they stand to-day and ventures few 
comments. 


convincing manner, the defects the Cooper system rating applied 
the present-day locomotives. The writer agrees with this indict- 
ment, confined those roads having heavy and steady tonnage, 
consisting principally coal, ore, and furnace products, requiring for its 
economical under diverse conditions, the various locomotives (seven 
number) tabulated the author. For such roads, the Cooper rating fails, 
unsatisfactory, and could replaced with advantage the author’s 
system, based any one the three proposed loadings. 

There is, however, large mileage the South, Southwest, and parts 
the West, constructed, necessity, originally with large curvature and 
with comparatively light rail. Also, from necessity, this condition likely 
remain practically unchanged for some time. many the roads 
this territory, the heaviest power the Mikado and Mountain types 
locomotives, the curves (shear and moment) which agree quite closely with 
the Consolidated type equal axle loads, and, consequence, the Cooper 
loading gives satisfactory working results. other roads the same region, 
addition the Mikado and Mountain types, 2-10-2 with 
maximum axle loads about 60000 lb. are use divisions where the 
curves are not too sharp. The shear and moment curves this engine, for 
equal axle loads, are somewhat above the Cooper curves, but the difference 
between the curves when only one 2-10-2 locomotive used, not marked, 
except for short spans. Engines heavier than the three types mentioned would 
have place these roads, except that occasionally locomotive the 
Mallet type used pusher mountain grade. 

Purdon, Am. Soc. investigated the relation between the 
Cooper loading, and various heavy locomotives, with axle loads averaging 
55000 The result this investigation shown curves, originally 
published Engineering News October 23d, 1913, from which interest- 
ing note the practical agreement the Consolidated and Mikado curves, 
and the decided departure the E-55 curve, from that the Consolidated 
engine usually built. The curve the nearest the 
general 2-10-2 engine—is above the Cooper diagram for girder spans, but below 
for truss spans. study these curves leads the conclusion that, 
for the Mikado and 2-10-2 engines, with axle loads about 60000 the 
Cooper loading gives satisfactory results. 


Marion, 
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The writer believes that the loading suggested the author the 
right direction, but thinks its application now the entire country too 
radical, inasmuch there large mileage for which the Cooper loadings 
will satisfactory for long time. 


presents the inconsistencies stress resulting from applying conventional 
engine loading and wheel base such that Cooper, the design bridges 
which are carry engines axle and wheel spacings relatively dif- 
ferent from the conventional loading. 

The new loading, M-60, appears amply cover all stresses all lengths 
spans that may result from the use five the heaviest, present-day 
types engines. all these five types locomotives were use any one 
railroad, the proposed conventional loading would admirably conform the 
requirements. this the case, however? not rather that each railroad 
appears developing its engines along lines peculiar 

The force the author’s arguments, therefore, seems poiut, not 
conventional engine loading that will prove satisfactory, matter what type 
locomotive used, but rather loadings that will specifically meet the 
type locomotive peculiar the railway under consideration. Unless this 
done, the extra material put into the bridge structure suit the require- 
ments engine loadings foreign roads direct and needless waste and 
will never called function. 

noted, too, that although the main argument centers about the new 
conventional loading, M-60, other loadings proportional the front group 
drivers and the uniform train load are for those railways the 
locomotives which are not the size the five heaviest under consideration. 

The fact is, however, that where the engines used are less powerful 
type, they are not merely reduced models these heavier types (2-8-8-8-2, 
2-10-10-2, 2-10-2, but usually have different groupings drivers. The 
problem, therefore, does not appear solved adopting loading lighter 
and regularly proportional M-60, but rather discovering loading which 
will conform the various locomotives use likely used the 
special railway under consideration. one the five railways, the heavy loco- 
motives which have been considered developing the loading, M-60, 
concerned making its bridges strong enough carry the heavy locomotives 
the other four railways. 

Looking the matter from another angle, shown that the Cooper 
E-60 loading nearly satisfies the stress requirements for these five heavy engines 
for the longer spans, yet would leave over-stress approximately 25% 
some the shorter spans. Conversely, should the engines use any 
railroad reasonably conform any the Cooper loadings not unreasonable 
supposition), the use the M-60 loading (or one proportionate series) 
would result, the shorter spans, waste the 25% excess material that 
the M-60 loading would provide. Therefore, from this point view, too, the 
adoption the M-60 loading not the real cure for the evils resulting from 
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loading that does not conform the actual loading, and the problem still 
appears the discovery, the part each railroad, conventional 
loading satisfy its special needs. 

The author, however, has made valuable contribution the problem 
bridge design forcibly calling the attention the bridge engineer the 
inconsistencies resulting from adopting arbitrary engine-loading diagram 
without carefully analyzing, percentage basis, the relation between the 
stresses produced the heavier critical engines actual use the lines 
under his jurisdiction and those produced the conventional engine, and cor- 
recting the latter before adoption. 


Esq. (by writer has read this paper with 
interest. The author’s reasons for classifying the Cooper system loading 
among the relics the past seem beyond dispute, and, therefore, his 
proposed new loading system long step the direction filling 
recognized need. 

The three solutions this problem indicated the paper probably cover 
general all methods that might brought forward. The first method, 
wheel-load diagram, would continuation present practice and, after 
having made table such that shown Fig. would simple 
apply any other method. 

The author entitled the sincere thanks all bridge engineers for 
the exhaustive manner which has presented this subject, particularly 
the tables and diagrams. 

Would not desirable and opportune, view the present state 
bridge specification loadings, appoint committee consider this matter 
fully and endorse the author’s proposed M-60 loading, bring forward some 
other loading which might deemed preferable? 


Birp,§ Assoc. Am. Soc. (by more than 
thirty years the subject concentrated wheel loads has been discussed. 
This paper, fortunately, comes time when members the Society are 
interested the adoption new specification for bridge design and con- 
struction. 

When the late Theodore Cooper, Am. E., first specified his Class 
and Consolidation locomotives, probably did not anticipate that 
the Consolidation type locomotive would the type governing bridge design 
for many years. Familiarity with the Cooper series should not prevent 
the adoption another live load specification the latter more nearly fits the 
needs. The idea any load system specified not represent actual 
engine train, but imaginary group wheels (or its equivalent) 
which should give great, not greater, stresses than any which are likely 
occur present the immediate future. the Cooper loading does 
this, and does economically, there reason make change. 


Montreal, Que., Canada. 
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The author has treated the subject thorough and enlightening manner 
which should convince those who will permit themselves convinced, 
that the Cooper loading does not carry out the idea expressed previously, nor 
does it. fit the needs for rating bridges. The fact that there was difficulty 
the shipping some the new locomotives another indication that 
bridges are not prepared carry the loads the present time. 

Although the writer has used Mr, Steinman’s charts (similar Plate 
the for several years and has felt that they are satisfactory, 
imagines that many engineers have never used them and thinks would 
well the author would illustrate the use the charts with typical 
problems and show how they are plotted. The writer notices that the tables 
are not labeled with longer and shorter segments, which oversight. 

The Turneaure, Am. Soc. E., the Tentative 
Specifications for Steel Railway Bridges submitted the Special Committee 
Specifications for Bridge Design and Construction, the should 
referred all those studying this paper. The writer has 
number cases using Mr. Steinman’s proposed series and has been pleased 
note how well the values fit the maximums the moment and shear diagrams 
the American Railway Engineering Association. The making such 
diagrams and especially the calculation shear and moment tables similar 
those Ketchum’s “Structural Engineers’ Handbook,” would helpful 
addition the paper. 

The paper will also serve somewhat stop the arguments 
whether concentrated wheel loads, equivalent uniform, uniform load 
with excess excesses should used, for, here, engineers can have their 
choice, with results practically identical. This will give those who desire, 
opportunity visualize and, addition, will offer those who desire excess 
loading, opportunity have their way. The formula submitted should 
also merit great deal attention. 

The Henry Seaman,§ Am. E., that live 
loads shall consist either the Cooper the Steinman series, may speci- 
fied the engineer, good one. 

nothing else accomplished this paper, engineers have been given 
easy way compare the stresses produced the Cooper series with those 
produced the heavy engines to-day. 


foresee the far-reaching effect this paper. The Cooper loading longer 
represents even approximate degree the modern locomotives and trains; 
still used, first, because has been used; second, because tables and 
diagrams are available for ready computations; and, third, because nothing 
better has been offered. 


Proceedings, Am. Soc. E., May, 1922, 1047. 
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seems apparent that the third reason has been removed the pre- 
sentation this paper. The second reason also partly met the tables 
and diagrams which have been presented the author. Other tables, such 
moments and shears for various panel lengths and numbers panels for 
truss work and for moment, shears, and floor-beam reactions for girder spans, 
may constructed, the work which would insignificant comparison 
with its importance. The first reason has validity beyond that natural 
inertia. The Profession now accustomed refer loads and capacities 
structures terms the Cooper standards, and re-adjustment only 
natural consequence the transition period which necessarily accompanies 
any the momentous changes that are part progress. persist the 
use this obsolete standard would not only unscientific, but would result 
uneconomical designs. 

the three suggestions which Mr. Steinman has offered, one may likely 
have difficulty making choice. The writer would eliminate the second 
suggestion; although has the merits claimed the author, lacks the 
definite picture presented with the first and the scientific background the 
third suggestion. The writer has tried get the viewpoint which evidently 
leads Mr. Steinman prefer the third, but has yet been unable 
the extent giving the concrete picture presented the first suggestion. 

true that the formula would prove “time saver” (for certain 
classes work), that its scientific foundation yields curves greater reg- 
ularity and smoothness, and that independent reference books 
certain extent. these days, little designing stress computation done, 
need done, without access office library. When the tables and 
diagrams the paper have been supplemented the tables* for moments 
and shears adaptable structures with panels Selby, Jun. Am. Soc. 
E., and girder tables for shears, moments, and floor-beam reactions, 
such are now generally available for the Cooper loading, the work 
computation will simple for the engine diagram for the formula. The 
diagram will much more expressive than formula drawing 
specification. The fact that the formula gives different uniform load for 
various parts the same span, makes necessary refer tables 
diagrams for rapid work, and the use the table diagram will require 
much time from one from the other. Even though general use shall 
based the engine diagram, the formula, either memory notebook, 
will convenient device for computations which must sometimes made 
quickly and without office facilities. The author apparently had this 
mind referring “time saver.” The writer wishes way 
depreciate the ingenuity Mr. Steinman establishing this formula. 
recognizes asset putting finish the entire discussion and 
having legitimate practical application previously noted. believes, 
however, that the greatest contribution from practical standpoint lies 
the first suggestion for definite engine diagram. 

After another half century so, this diagram may represent existing loads 
better than that Cooper does present. that should the case, the 
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Profession, perhaps, will find worth while make another re-adjustment, 
and doing so, this paper should prove great assistance. the 
author can show that the formula may readily extended rapidly chang- 
ing situations, would not only added reason for adopting the third 
suggestion, but, perhaps, the controlling one well. 


(by author has shown that the 
Cooper loading has outgrown its usefulness. has served its purpose well, 
but the modern loadings have not increased proportionately, and some change 
should made. much simpler form loading could devised give 
results satisfactory those which the Cooper loading now gives, but this 
would not sufficient. Any loading should give approximately the same 
results the actual loads which are likely used the near distant 
future. 

The author has made exhaustive study existing loads and the 
trend toward the future. has devised composite loading which appears 
satisfactory, but, best all, has developed formula for equivalent 
loads, which has great possibilities. This formula, its corresponding tables 
diagrams, can used more advantageously than the concentrated loads 
and gives consistently good, not better, results. one system con- 
centrated loads can give precise stresses for different actual loads, and the 
simpler equivalent uniform load seems much superior. Mr. Steinman has 
blazed the way proposing formula for uniform loads terms seg- 
ments the span, thus overcoming the principal objections the use 
equivalent loads, that have heretofore been advanced. The stresses obtained 


from these new equivalent loads provide for the critical engines 


to-day, and, probably, proportion, those for years 

The writer hopes that future specifications will give the live load 
terms such formula that suggested the author. Before such adoption, 
however, committee should study the question and agree that the proposed 
formula the best obtainable. 


much interested this excellent paper which one the most 
tions bridge engineering literature the past twenty years. has been 
generally recognized for some time that the Cooper loadings not properly 
represent modern locomotive loadings. Pressure daily work has doubt 
prevented many engineers from making careful examination this 
subject they have wished, and they will welcome the data contained the 
paper, which give facilities for making the necessary comparisons. 
hoped that, result this paper, more modern system locomotive 
loading will generally adopted. 

standard type loading should represent within close limits the actual 
loads use. The proposed wheel-load diagram appears -to satisfy this con- 
dition. Methods computing stresses means the engine diagram have 
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been fully developed that the labor involved not important consider- 
ation. The engine diagram, representing actual loads service, should 
always used examining existing structures. does not follow, however, 
that the engine diagram should necessarily adopted for designing new 
bridges. system loading which will give resulting stresses equivalent 
those locomotives use, would appear the writer fully satisfy the 
requirements. economical designs can produced simpler loading, 
should substituted for the engine diagram. 

‘It advantage adopt loading which would have the general char- 
acteristics the actual loads the structure. Bridge floors and short-span 
bridges without floors are subjected direct loads from the locomotive drivers. 
the writer’s opinion, such parts and structures should designed for the 
heaviest actual loads service. The stresses trusses and girder parts 
where the loads are applied through floor system, reach the trusses and 
girders the form panel concentrations. This form loading well 
represented uniform load system wheel loads. The writer 
believes that system wheel concentrations representing the heaviest loads 
use should adopted for bridge floors and for short spans without floors 
and that uniform load should used designing all other bridge members. 
The computation stresses for such system loading would reduced 
the simplest operations, and, the same time, the visualization the 
loadings would retained the designer’s mind. load formula such 
that offered the paper or, preferred, modified coincide more nearly 
with the composite loading, should give satisfactory results engine 
diagram. 

hoped that this paper will result the adoption new 
standard system loading representing modern locomotive loads. The im- 
portant consideration not the type loading, whether engine 
diagram equivalent uniform load formula, any modification these, 
but that the new loading such that will represent correctly conditions 
created modern locomotives all parts the bridge structure. 


having made such exhaustive study this subject. His proposals are 
practical and may considered solution the need for system 
stresses bridges, which abreast the present progressive 
development locomotives and trains the United States. 

All three the alternative proposals presented have distinctive advantages 
over present methods. The third proposal, however, seems ideal, 
formula which can memorized and used, without tables charts, find 
the moments and shears any point span simple slide-rule operation. 

regards the application this proposed system loading Canadian 
railways, would appear that, although Mr. Steinman’s system could 
modified conform locomotives and trains operated Canada, the Santa 
type is, the writer believes, about the limit, considering the capacity 
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roadbeds and bridges, and this locomotive, with train 100-ton capacity 
can still taken care using Cooper’s loading. 

200-ft., through truss span, the maximum difference between the 
stresses produced the Cooper E-55 loading and the corresponding stresses 
produced double Santa Fé, with 500-lb. following load, inckuding the 
floor system, only per cent. The load can considered 
train 100-ton capacity cars, which the most severe probable condition 
loading likely Canadian lines. 

conclusion, the writer would state that considers Mr. Steinman’s 
proposals line with the advanced type trains operated the United 
States to-day, whereas the Cooper system conforms the type trains 
operated Canada, which type seems likely continue for many years. 
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SOME NOTES THE LOCATION AND CONSTRUCTION 
LOCKS AND MOVABLE DAMS THE OHIO 
RIVER, WITH PARTICULAR REFERENCE 
OHIO RIVER DAM NO. 


Discussion* 


Am. Soc. (by letter).t—Several years ago, 
the writer was confronted with the problem providing, storage dam, gate 
through which large quantities logs could sluiced variations pond 
level range ft. The width the opening required the 
lumbering interests was ft. After considerable investigation, his attention 
was directed the three-leaf bear-trap gate the so-called Lang type, built 
1894, the Chippewa River Chippewa Falls, Wis. had length 
ft., with rise ft., and had then been service more than years. 
examination the design this structure, which was timber, indicated 
that the use steel the type could readily applied rise three 


times that the existing example. similar timber structure notice 


later. was built 1891 the St. Croix River Nevers, Wis., and had 
crest length ft. and rise ft. 

The so-called Island Lake Dam the Great Northern Power Company 
the Cloquet River, about miles northeast Duluth, Minn., was thereupon 
equipped with bear-trap gate the Lang type, having rise ft. and 
span ft. far the writer aware, this the highest rise under 
which bear-trap gate has thus far been operated. The gate was placed 
service 1915 and has been satisfactory use since. 

The success this gate has led the use this type the writer for the 
discharge flood waters connection with power developments the Huron 
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River Michigan. the Geddes Plant the Detroit Edison Company, 
there are two such gates, each having span ft. and rise ft. 
the Superior Plant the same Company, the writer has installed similar 
gate, the operation which made automatic the use siphon which 
exhausts the water from under the gate when the pond rises above desired 
level. The seal broken when the water surface lowered and the gate 
then rises its original position. 

the operation these gates simply requires the opening closing 
inlet outlet valve, they can readily manipulated one man, and used 
connection with power plant, motors can installed the valves and the 
apparatus controlled from the power house any desired distance. 

description the Island Lake Dam has been published,* well 
valuable Symposium Movable Damst which interesting not only 
matters design, but also the history the bear-trap gate. The Sector 
Dams the Sanitary District Chicago the Lockport Power House have 
also been well the 160-ft. bear-trap dam§ above Lockport. 

the gates designed the writer, has been found desirable use 
rollers under the up-stream end the Such rollers had not been gen- 
erally used the timber structures previously built, but when metal members 
are contact, rollers are frequently necessary. 


worthy contribution the design and construction movable dams 
the Ohio River timely interest the student rivers and the effects 
man’s regulating and restrictive works thereon. may worth while 
note some the discussions and opinions the effects movable dams 
flood heights and the care necessary insure sufficient water for lockages 
during times low flow. 

The author states: 


“Tt well known that project substituting fixed dams for movable dams 
would less expensive; but the requirements navigation and the popular 
fear increase flood heights, made the building fixed dams this 
river appear that time impracticable.” 


And William Harts, Am. Soe. E., 


“The Ohio subject extreme floods. Sometimes, much ft. 
range recorded, and great injury and loss invariably result the towns 
along the banks. Nothing allowed the bed this stream that 


would likely increase this range, and the public mind fixed dams were 
objectionable for this 


writer remembers the discussion and conferences that took place 
1915 when the project for the substitution fixed dam Emsworth, about 
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six miles below the Point Pittsburgh, for the movable type dam Davis’ 
Island, called Dam No. was under consideration. Many were apprehensive 
that this new dam, about ft. high above the bed the stream, would 
seriously increase the flood heights Pittsburgh. The writer was asked 
review the situation for the City Pittsburgh and the Pittsburgh Flood Com- 
mission. was much gratified report, after many studies and calculations, 
that disastrous flood 35.5 ft., such 1907, would increased 
the Point less than ft. the erection such fixed dam, and that 
extreme flood, ft. higher, which might happen combination fortuitous 
would increased negligible degree. Thus, when this 
report became known, much the opposition the fixed type dam this 
location disappeared. 

Much has been said about the tightness wickets, gates, bear-traps, 
and the attendant possibility that, during low-water stages, there may not 
sufficient water for the large number lockages required for full navigation 
potentialities. The author states: 


“Considering the question tightness, Condition believed that bear- 
trap dams can made tight any other type dam. Needles, curtains, 
gates, and, possibly, other types can made tighter than wickets. With the 
use wickets, calculations should show shortage water not more than 
once in. years. Computations indicate that, with pass 
wickets ft. high, with. weir wickets, ft. high, and with the pass and weir 
the lengths proposed, the leakage through the interstices between the wickets 
will about equal the discharge the river 3-ft. stage. Therefore, during 
several weeks each year, needles over the interstices will necessary.” 


Again, page 1005,* Earl Brown, Am. states: 


“Tn the operation this system locks and dams, much trouble has been 
experienced reason inability raise the dams stages higher than 
about ft. This results the impounding and holding back the discharge 
the river the pools those dams that are raised, with consequent rapid 
falling off the discharge the river points lower down. 
great has this effect the discharge the river become, that much delay 
and obstruction navigation has times been experienced and below 
Louisville, reason the manipulation the dams and above Cincinnati. 
the number dams operation increase, the effect the lower part 
the river will become more.and more marked, and, times, may result 
almost complete absorption the discharge the river great care not 
exercised the raising the upper dams.” 


That this fear insufficient lockage streams made artificially navigable 
locks and dams real menace, shown the following statement from 
the report the Pittsburgh Flood Commission, published 1912, after long 
period careful investigation and research: 


“Under present conditions there are serious troublés with shortage water 
the Monongahela River during dry weather. such times the 
pools farthest upstream are drawn down furnish water for the pools nearer 
Pittsburgh, and through navigation impossible, the upper pools being some- 
times lined with barges waiting for water float them downstream. 
The reports the Chief Engineers the United States Army give the 
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minimum discharge the Monongahela 160 sec-ft. which occurred 
1895, the dryest season recent years. This only about two-thirds the 
discharge 244 sec-ft. necessary supply water for 180 lockages, even 
there were other 


thus appears there danger when complete navigation facilities will 
have been provided and they are utilized the utmost capacity. 
The report quoted previously states elsewhere that the low water the Monon- 
gahela will increased six times and that the Allegheny three times its 
minimum the use storage reservoirs. The Ohio Wheeling, Va., 
miles below the point particular observation the time the study, will 
raised 2.3 ft. the time lowest stages. 

Surely amplification such system all that needed further 
improve conditions farther down stream. mistake argue that the 
beneficial effect storage negligible, except just immediately below reser- 
voir constructed for such purpose. The effects flood flows and the raising 
low stages are likewise noticeable many miles away. The writer 
brief for contemplated accomplishment navigable depths letting out stored 
waters general and universal proposition, but say that such have 
use augmentation and helpfulness unnecessary attempt reversal 
the laws hydraulics. 

Mr. Thomas Roberts* has stated, 

has been proved that reduce materially the height great floods 
Pittsburgh, restraining reservoirs should near possible the city, for 
the flood-producing storms reaching Western Pennsylvania are only rarely 
more than miles width excessive precipitation. the 
1913 storm moved eastward only miles farther, careful study indicates that, 
Pittsburgh, the flood would have been least ft. higher than the record 
flood 1907. useless attempt estimate the damages which would 
have resulted from such flood the towns, bridges, above Pittsburgh. 


talk restraining reservoirs for such floods, least for the area 
above Pittsburgh, waste time.” 


The carefully prepared studies the report the Pittsburgh Flood Com- 
mission, previously referred to, which was approved Board United States 
Army Engineers practicability and feasibility, 1913, states the highest 
known flood Pittsburgh, that 1907, would have been reduced ft., 
stage 25.3, only 3.0 ft. above danger, the construction and proper manipula- 
tion seventeen selected reservoirs out total forty-three possible sites. 
Other floods, which had occurred over period years, would have been 
reduced below the danger line. Surely this controverts such extravagant 
statement the over-zealous objector, good principle life secure 
the good can, even one’s 100% desire cannot obtained, 


this connection, interesting note the remarks Col. 


“To meet this difficulty, comprehensive scheme control 
the dams will have devised, that constant reports the stages 
the river and variations discharge may received central point, 
which will then determined the proper time for the raising and lowering 
all dams, and thus regulate them the discharge the lower 
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parts little possible. telephone system being provided, connecting 
all dams central point, which will probably Cincinnati, and that will 
the point from which this centralized control will exercised. After some 
means can devised whereby the dams can raised stages above ft., 
much benefit will gained, and understood that attempts are now being 
made devise some method raising the dams higher stages.” 


This just the sort managerial control that exercised inter-related 
gravity water supply systems and exactly what the Pittsburgh Flood Com- 
mission planned for the comprehensive system reservoirs proposed it. 

The author’s remarks regarding the Government’s activity water trans- 
portation evidently caught the atention Adams, Am. Soe. E., 
who pertinently asks the question conclusion: 


“What would the situation the waterways had been improved the 
expense private capital, which always demands interest and return the 
original investment? This problem looms large the rail carriers and their 
security holders.” 


Again, Col. Harts* aptly states: 


“The supreme test the value any inland waterway must always 
extensive navigation projects have been built, can now meet this 

hoped have soon legislative determination, based enlightened 
opinion, that munificent expenditures for improvements navigation 
are only warranted—if judged alone, without other effects the eco- 
advantages transportation obtained thereby—when all the 
fixed charges and overheads, well operating and maintenance expenses, 
borne either directly indirectly the traffic, are less than for some other 
means transportation and distribution products. When this enlightened 
day comes, perhaps there will less opposition the acknowledgment the 
thesis that stream should considered whole from its source its 
mouth. Thereby, many potential uses will studied and amplified and 
some the costs the work will distributed over many objects, and the 
burden any one will proportionately lessened. 


Proceedings, Am. Soc. E., April, 1922, 1008. 
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TENTATIVE PLAN FOR THE CONSTRUCTION 
780-FOOT ROCK-FILL DAM, THE COLORADO RIVER, 
LEE FERRY, ARIZONA 


Discussion* 


West are much interested feasible plans utilize the waters the Colorado 
River. Even partial utilization this river might affect for good ill 
the citizens seven Western States. Perhaps the most valuable part 
the author’s paper this subject outlining the wonderful potentialities 
this river, when properly controlled, furnishing water for irrigation, 
producing energy, and protecting fertile lands from floods. might have 
added fourth, namely, the settlement and retention the river sediment 
within the natural channel the river. 

For several years, the Bureau Public Roads, under the direction 
Tait, Am. Soc. E., has been carrying investigation the 
silt problem the Colorado River, co-operation with the State Cali- 
fornia and the irrigation interests the Imperial Valley California. 
part this investigation, daily samples were taken Hanlon Station, 
the river intake the Imperial Canal System, from July 1917, June 
30th, 1918, determine the percentages silt entering the System 
river. These percentages were ascertained filtering out and weighing the 
solids contained the muddy water each sample. 

Table given the maximum, minimum, and average daily per- 
centages weight for each month the period covered. 

Owing the uncertainty ascertaining when silt has reached its least 
volume the process consolidation, more difficult express with 


Discussion the paper Rue, Am. Soc. E., continued from September, 
1922, Proceedings. 
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the same degree accuracy the percentage silt volume. From October, 
1907 September, 1908, samples equal volume were taken daily from the 
turbulent water below the gates number stations the Imperial Canal 
System and poured into one container for each calendar month. The com- 
posite samples thus obtained were then shaken and settled for days 
glass tubes, high, after which the percentage silt was noted. The 
results obtained the Main Canal Hanlon Head-gate was maximum 
3.8% August, minimum 0.9% July, and mean for the year 
1.6 per cent. due allowance made for differences the quantity 
silt carried 1907-08 and 1917-18, percentage 1.6 volume would 
compare general way with percentage 0.242 weight. 


TABLE 


Maximum Minimum Average 
ercentage percentage 
weight. weight. weight. 


July, 1917 
August, 1917 
September, 1917 


November, 1917 
December, 1917 


April, 1918 
May. 1918 
June, 1918 


1919, there was delivered the Imperial Irrigation District 312 
acre-ft. water diwerted from the Colorado River, and this quantity 
water was applied 413 440 acres land. These figures not include the 
quantity water delivered lands the Republic Mexico, served 
the same system. that year, the cost the Irrigation District and 
the several subsidiary companies known mutual water. companies for 
removing silt from the canals, amounted approximately This 
cost did not include that incurred the farmers removing silt from farm 
laterals, damages crops result silt, modifications necessary 
account yearly accumulations silt cropped fields. This cost 
incurred the farmers may conservatively estimated $2.00 per acre 
per annum, thus bringing the total damages caused silt one year 
$4.42 per acre irrigated. 

true, reported, that 1220000 acres are irrigable from the lower 
part the Colorado River, the damage inflicted silt one form another, 
unless much better controlled than present, would impose yearly heavy 
financial burden the part the water 

evident, therefore, from what has been stated, that the waters 
the Colorado River should stored not only provide water for irrigation, 
develop power, and prevent floods, but also retain the river silt. The cost 
such storage large scale concrete dams not likely exceed $2.25 


Date. 

0.159 0.064 0.080 
0.540 0.108 0.286 
0.822 0.140 0.266 
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per acre-ft. The quantity water required irrigate such crops are 
grown the Lower Colorado Basin usually less than acre-ft. per acre, 
measured farmers’ deliveries. Accordingly, the first cost storing enough 
water irrigate acre land this basin, exclusive transmission 
losses, would about $6.75, compared with $4.42, the present annual cost 
removing silt from channels and compensating land-owners for the in- 
jurious effects depositions silt irrigated land. 

will noted reference Table that the average percentage 
silt weight 0.242. The waters the Colorado River Yuma, Ariz., 
contain slightly more than double this quantity, 0.5 per cent. The differ- 
ence due skimming and other processes which the water admitted 
the main canal the Imperial System rendered more free solid 
matter. 

the author’s tentative plan store water Lee Ferry, the writer 
regrets that cannot approve the site selected the plan proposed. The 
site too far removed from available irrigable lands, settled communities, 
transportation facilities. Owing the long distances between the dam site and 
the markets for power, only small percentage the hydro-electric energy 
which might developed could utilized. Besides, the writer has tried 
point out, the retention silt important factor storing water, and 
locating the reservoir Lee Ferry the tributaries which carry the largest 
quantity silt would enter the main river below the reservoir. 

regards the author’s tentative design for rock-fill dam the channel 
the Colorado River Lee Ferry, the feasibility blasting enormous 
quantities rock low unit cost into the channel from the adjacent side- 
walls the manner proposed will not questioned. render water-tight 
such quantity blasted rock placed, the writer’s opinion, would 
impractical any such manner that proposed. The author that 
the loose rock the dam would about 15% greater than the space 
the same material its natural compact state. This evidently 
error, authorities are agreed that when cu. yd. solid stone broken 
into pieces, will when loose about 1.9 cu. yd. other words, the 
voids broken rock generally run from per cent. blasting rock 
the manner proposed, fairly large percentage would thrown into the 
river gorge large, irregularly shaped masses, some which might contain 
1500 yd. When piled the site the dam, these large masses 
would contain correspondingly large open spaces. There further pos- 
sibility that these large open spaces would connected, thus permitting large 
quantities water pass through, especially the water was under high 
pressure. The author proposes render such mass loose rock water- 
tight, first sluicing broken rock varying size from followed 
the sluicing sand. The bulk such rock could not well enter the 
larger cavities, except through the transporting power the water. little 
could done control the action the water moving the smaller rock 
particles from cavity that the chance assumes large 
proportions. fact, the whole procedure would game chance. Per- 
haps the particles might find lodging place, and then, again, perhaps 
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they might borne through the structure the force high heads 
water. any event, the greatest efficiency that could expected would 
that relatively small part the voids the rock-fill could filled 
this way. The author also proposes sluice sand into the open spaces when 
the latter are filled with broken rock. The use sand, however, based 
the belief that the cavities would first filled with the smaller broken 
rock. Otherwise, the sand would transported through the rock-fill. 

Combination Concrete and Rock-Fill Gravity the 
writer believes that would unsafe well unwise build loose rock- 
fill dam the manner outlined, and that dam built Boulder 
Canyon, elsewhere the Colorado River, will concrete through- 
out, the opinion that certain percentage loose rock, having the 
open spaces well filled with finer material, might well form part concrete 
gravity dam the dimensions under consideration. The foundation 
combination structure this type, the natural high-water elevation, 
would laid concrete the manner customary building gravity dams, 
but the superstructure would consist massive concrete walls enclosing 
compartments filled with broken rock, gravel, sand, and rock dust. exer- 
cising care grading and placing the rock materials, the gravity 
the loose rock place could made approach 80% that the 
concrete, whereas the cost per unit volume rock-fill place, com- 
pared with concrete place, would 1:3. 

This suggestion merely new adaptation old idea. From the 
days the Pilgrim Fathers, the pioneers every State the Union have 
made use wooden crib-dams filled with rock. Unless the native logs 
sawn timbers, which the cribs are built, are continuously submerged, early 
decay inevitable. these days higher cost timber, compared with 


that concrete, this old type pioneer dam might well receive 


attention, providing concrete, either plain reinforced, can used lieu 
timber. For example, some advantages the way lessened cost might 
derived using this combination structure for relatively low diversion 
dams building secure foundation skeleton structure reinforced 
concrete, enclosing compartments filled with loose rock. the other 
extreme, regards the height and other dimensions dams, 
found such structure contemplated for one the canyons the 
Colorado River. Nothing approaching any such structure size has ever 
been built, and the internal stresses produced the setting the concrete 
and changes temperature would more less conjectural; whereas 
building what might termed skeleton dam concrete, but ample 
strength, the thickness the several longitudinal ribs would well within 
established practice. The general form such type dam would not 
differ materially from the common gravity type, except that the dimensions 
would have increased take care the lesser specific gravity the 
loose-rock portion compared with concrete. The up-stream face would 
also consist series sharp arches abutting against the vertical longi- 
tudinal ribs and against the side-walls the canyon. These ribs, turn, 
would tied into arched cross-ribs, thus enclosing compartments the 
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general form the frustrum inverted pyramid. Such form would 
tend wedge and compress the loose rock placed therein. drain 
bed-rock could installed the base each compartment, and provision 
made drain each compartment. There would horizontal partitions 
any compartment, but the top each might sealed with reinforced 
concrete found desirable. 

The main advantage using loose rock conjunction with concrete, 
dam the kind proposed, lies the lessened cost. such structure 
could designed consist 40% loose rock, the saving first cost would 
considerable. Other minor advantages might lie greater elasticity 
and better facilities for expansion and contraction joints and draining the 
foundation. The reduced shearing strength along horizontal planes and the 
difficulty designing safe multiple arches the up-stream face, however, 
might prove disadvantageous. 
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Discussion* 


Evan Am. Soc. speaker was asked 
come from Detroit, Mich., presumably apologize for what had been said 
his written discussion.t his wish say, however, that has some 
very decided opinions about bridge specifications, and, many have asked, 
“Who started this well plead guilty, because the time in- 
vestigations were under way the Niagara Railway Arch Bridge, the 
speaker had frequent occasion Montreal, Que., and Ottawa, Ont., 
Canada, and meet many members the Institute Canada. 
The Committee the Institute was work that time new set 
specifications, was the Committee the American Railway Engineering 
Association; and seemed desirable, with the talk there had been the 
Society preparing new railway bridge specification, that all ought combine 
and write joint specification. Therefore, George Pegram, Past-Presi- 
dent, Am. Soc. E., and Greiner, Am. Soc. E., were asked 
join the speaker letter the Board Direction, with such end view. 
This letter was written March, 1919, asking that committee appointed 
co-operate with the American Railway Engineering Association and the 
Engineering Institute Canada writing such joint specification. This 
committee was appointed, but for some reason did not function properly, and 
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the matter was dropped. Later, when Henry Seaman, Am. 
came with second letter the Board Direction, asking appoint 
committee write new specification for the Society, the speaker signed 
that letter, still believing that something might result better than the 
specification, which did not seem the last word what modern 
specification should be. 

That any committee going able write specification that all 
will like all agree on, does not seem probable, either now any future 
period; may stated, fully and frankly, that Cooper’s specification, 
gotten was, and used over long term years, was probably the 
best solution the specification idea. was prepared individual, 
not cover his own idiosyncracies, but cover the best things current 
practice. has never been excelled any way, and that was what the 


speaker had mind when stated his discussion, previously referred 


to, that, although this Committee was one great individual ability, any one 
member could, almost over night, write better specification than the one 
submitted. one the greatest world philosophers said, “First all, let’s 
get the facts”. 

does not matter what specification the may publish, 
what specification the Society may write, each railway large system 
will likely continue have its own specification. They will usually modify 
the specification standardized technical society suit their own needs. 
The proceeded with its specification, regardless the fact that 
the Society did not join it; and the speaker wrote Selby, Jun. Am. 
things that had come his practice, particularly Niagara, especially 
column formulas, unit stresses, impact, and locomotive loadings. 
invitation was received attend the Committee meeting Pittsburgh, Pa., 
which meeting was held, the speaker thinks, October, 1919. The question 
column formula was discussed Professor Turneaure and about sixteen 
other Committee members, all whom agreed that the logical thing 
was take all the tests columns, the past thirty years, and weed out 
the columns that were poorly designed, poorly tested, had failed detail. 
This would leave the data good columns, properly tested, from which 
plot curves for the different end conditions, and then decide logically what 
column formulas adopt, which would likely conform with the ideas 
some the discussors, with Mr. Seaman, and particularly with Mr. Pegram’s 
belief that, when such results are obtained, they will agree closely with the 
Gordon formula. The Committee did not carry out this work. 

Hovey, Am. Soc. E., worked out the lines formulas for the 
light and heavy sections from the report the Special Committee Steel 
Columns and Struts; and from the diagram (Fig. 15) that appears the Niag- 
ara paper,* can seen that the Gordon formula, there plotted, and the 
lines plotted Mr. Hovey, are nearly parallel for the central part the 


Gordon curve, from upward; that some Gordon formula, the 
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speaker’s opinion, will finally satisfy and one need not worry about 
the working out complicated formula, because, Mr. Seaman has shown, 
can tabulated once for all. 

The other major matters taken the Pittsburgh meeting were unit 
stresses and locomotive loading. The question unit stresses for alloy steels 
referred subsequently, but such unit stresses should certainly not less 
than two-thirds the elastic limit any material the basis 
000 tension for structural steel. 

may interesting give some idea the investigations being made 
for the Detroit long-span bridge, which must largely alloy steel. Neither 
the Society’s nor other general specifications anything said about 
structural steel other than the ordinary 000 steel. Nickel steel 
and silicon steel are being used very often, and certainly comprehensive speci- 
fication ought cover them and the corresponding unit stresses. Detroit, 
the only silicon steel offered was one with elastic limit and 
steel with elastic limit 000 lb. required. This was taken with one 
the best metallurgists the United States, and the speaker certain that 
the officials the bridge companies, shown the letter from him, would say 
was high authority. The chemical analysis that for silicon 
steel give elastic limit 000 highly important generally 
that such steel made—was carbon, 0.60; manganese, 1.00; phosphorus, 
0.04; sulphur, 0.05; and silicon, 0.45. This steel would have drilled; 
the Detroit material, however, all thickness that would require drilling. 
The analysis silicon steel with the usual elastic limit 000 with 
ultimate strength from 80000 90000 Ib. per sq. in., carbon, 0.40; 
manganese, 1.00; phosphorus, 0.04; sulphur, 0.05; and silicon, 0.45. his book 
“Alloy Hibbard gives silicon steel with carbon, 0.48; man- 
ganese, 0.45; phosphorus, 0.04; sulphur, 0.05; and silicon, 1.40, which, 
testing, gave elastic limit and ultimate strength 113 760 
lb. per sq. in. very desirable that tests should made the series 
silico-manganese-molybdenum steels, referred Mr. Sargent before 
the American Society for Testing Materials, with carbon from 0.10 0.55; 
manganese from 0.45 0.75; phosphorus less than 0.04; sulphur less than 
0.05, silicon from 1.75 2.00; and molybdenum from 0.25 0.50. Alloy 
steels proper strength must arranged, other way seems possible, 
committees the various Societies going the high officials the steel 
companies and asking them change the rules that not allow the mills 
deviate from the standard steels that they are now making their basic 
and electric open-hearth furnaces. present, one has take what they 
make without. Some the mill officials state that they cannot turn out 
higher silicon steel than the usual grade now made standard, but they 
must learn that engineers have investigated and know the cost the ele- 
ments. That ferro-silicon very much cheaper per ton than ferro-man- 
ganese well known, yet the mill officials not hesitate vary the per- 
centage carbon manganese any way they desire, without charging any- 
thing extra, and sand quartz very much cheaper than manganese. 
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One other thing that might said about using alloy steels, that the 
shop and mill officials seem think they are going cut out much 
tonnage, but they make steel with elastic limit nearly 
double that structural steel, there will not only twice many bridges 
built present, but most probably three four times many. The shops 
and mills can back their war-time tonnage they will meet the 
views. They are selling the man who going use the bridge, and the 
engineer only intermediary. They will most surely get much larger 
business co-operating with the buyer. 

The specification for cable wire for Detroit very close the Manhattan 
Bridge specifichtion, and what had been worked out some extent for 
Philadelphia, with carbon, 0.85; manganese, 0.60; silicon, 0.24; sulphur, 0.04; 
phosphorus, 0.04; and copper, 0.04. The wire mills immediately wanted that 
changed. One firm wanted changed one way, and another another way. 
Finally, the sulphur was changed 0.055, and the copper 0.20; and 
American company then said could give ultimate strength 
per sq. in. and elastic limit 65% desired, but when the bids were 
received English firm was the only one that gave real price the speci- 
fication, and stated was the only firm the world that could furnish steel 
that quality. not necessary blush for American ‘manufacturers, 
because that not so; but commentary what engineers are 
against, that they cannot get steels the United States that can readily 
had abroad. course, Detroit, there was the peculiar condition 
International bridge, where the wire could readily brought from England. 
This one thing that the Committee ought do, give the facts the 
ultimate that used alloy steels. 

the matter locomotive loading, the Committee insisted 
adhering Cooper. The Committee had prepared number diagrams 
(two which are published the speaker’s closure the Niagara paper*) 
purporting show that the Cooper loading was close enough; E-60, however, 
was much 15% too light for the shorter spans and probably too heavy 
for the longer spans, compared with actual loadings. The diagrams did 
prove just what has been brought out this discussion, and what 

Steinman, Am. Soc. E., has worked out for his the 

fore part the Niagara paper, the same idea was proposed that Mr. Steinman 
has worked out detail; that is, composite moment curve the heaviest 
existing locomotives. does not matter whether what Mr. Steinman has 
worked out, what was worked out Niagara, taken, one will have 
comprehensive curve that will cover all loadings. Motley, Am. Soc. 
E., Engineer Bridges the Canadian Railway, has also used 
such scheme, and other railroads have adopted similar methods, possibly 

ante-dating even the speaker’s idea. 

Mr. Steinman has stated his paper that, Niagara, E-60 loading 

was used for the long span and E-70 for the remainder the bridge, leaving 


Transactions, Am. Soc. Vol. (1919-20), pp. 2021 and 2023. 
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one infer that such was the best knew could do. This was not true, 
and will noticed reference that paper this same idea composite 
loading was there evolved, but different manner. Standard locomotives 
were developed with idea using them actual loadings, but future 
standards which the motive power departments and locomotive builders 
should adhere, more especially the wheel spacings and relative loads 
driver axles and other axles, and used calculating the composite 
curve. Referring Fig. 30, Class would the standard for Mallet type 
locomotives, A-50, having 50000 lb. each driver axle, A-60, having 
lb. each driver axle, and A-70, having 70000 lb. each driver axle, 
exactly similar nomenclature the old Cooper loadings. Class would 
the standard for the Santa type locomotives. Fig: 31, Class 
would standard for the Mikado type, and Class for locomotives. 
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not worth attempt the part the Committee ohtain confer- 
ences and endeavor reach such agreement? The idea that when 
such system loading, like that the speaker used Mr. Steinman, 
developed, would then lasting; thus would seem that this Committee, 
the Committee, and, perhaps, others, should the locomotive 
builders, the motive power departments, and ascertain something cannot 
agreed future standards for wheel spacing and axle loadings loco- 
motives. railroads found out during the World War that was necessary 
have more nearly one standard, and the speaker believes the bridge engineers 
the trunk lines, and these various Committees, would find that the railroads 
would now the co-operation the Engineering Societies with them- 
selves and the locomotive builders still further, that 
monumental line work, such preparing new loading tables, the work 
would last, instead being out date possibly decade. 
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The Committee stated that was afraid drop the Cooper 
loading, largely because the railroad managers and operating officials could 
not understand anything but Cooper. That does not properly state the case, 
the real idea that they have all their tables made up, and their bridges 
standardized, the Cooper loading. Mr. Seaman has shown that easy 
set opposite one the composite loadings, the equivalent one the 
Cooper loadings, for any length span, that the Cooper loading can 
used measuring stick until gradually forgotten. 

Referring the matter impact formula, was found Niagara that 
some loadings gave more than 100% short spans. Many variations 
impact were found the 550-ft. span, compared other data, owing 
the fact that impact due, not only the sudden application the load, 
but also unbalanced drivers, bad rail-joints, vibration, and all the additions 
that strain-gauge, whatever instrument used for taking impact readings, 
will sum total which will cover everything that deleterious the 
structure. 
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The speaker believes that the English formula presented the best for 
simple curve that could developed. Lloyd-Jones, Chief Engineer, 
H., The Nizam’s Guaranteed State Railways, India, who came the 
United States 1921, spent some time with Professor Turneaure, and 
obtained great many impact data. stated before returning that already 
formula was partly completed, and would developed fully, that would take 
the critical speed, variable speed, panel length, loaded length, relative 
dead and live load, and all items that would enter into the problem, that 
the final result would complete impact formula. The first report from 
source, which was received some time ago, stated that the full report 
covering the final conclusions would sent later. When comes, the speaker 
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believes that the Committee will find some valuable data worked out far- 
off India, some which are based American observations which have not 
been applied nor heeded. 

However, what needed most, granting that the specification 
sufficient for drafting-room and shop rules, specification for the greater 
problems design and ultimate facts, and such one can produced, 
will world-wide value. Probably, little fault can found with the 
majority the clauses the specification, but the speaker has 
doubt that the discussion this Society will cause the Com- 
mittee modify very many points. The best thing do, however, the 
Committee the Society determined get out detail specification, 
hold open until the next revision the specification, possibly 
1923, and ask the Engineering Institute Canada join endeavor 
accomplish what was hoped for 1919 and died for lack proper nursing 
joint specification. 

Although the bridge engineers the trunk lines state that their high 
officials cannot understand the changes locomotive loadings, yet Smith, 
President the New York Central Railroad, has just had built the Lima 
Locomotive Works—called the Michigan Central, No. wonderful 
machine, which there has been used each individual thing about loco- 
motive that has been found date and best, and all combined one 
locomotive, which the speaker understands going wonderful the 
saving fuel and hauling trains 100 125 cars—if the draw-bar 
heads will stand it. recent number Railway Age also contains 
new Swedish locomotive, which driven condensing steam turbine. 
This entirely new departure locomotives. has been running for 
some time, and shows saving, said, about 52% fuel. However, 
there further point notice regard this Swedish locomotive; the 
turbine geared driving wheels the tender. course, such loco- 
motive will away with all unbalancing and hammering, and would probably 
agree very closely with the proposed composite typical locomotive, having the 
heavier driving wheels the rear. Therefore, railroad presidents are 
taking such interest these details there may soon seen locomotives the 
Swedish type, practically turning the locomotive end for end, and giving 
altogether different type loading. What the speaker getting 
citing these two cases, that the high railroad officials understand de- 
tails, and are looking for the best. The best points possible should thus 
used for specification, and set down the ultimate things; and the speaker 
believes the time has come when such work can completed, that 
specification will result that can worked to, instead worked down to, 
now the case. 

writing specification, one should not begin including all the little 
details, because the officials good fabricating companies know how punch 
holes, and reaming and drilling, and with the proper inspection they can 
ahead and good work; and the good inspector should only expect 
have good work. These and all details are such long standing that they 
should separate books rules, such the Navy Department uses for 
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each different work and material, having set rules for the 
drafting-room and another set rules for the shop, thus leaving the specifi- 
cation real one basic principles only, and things design, the 
facts that all must work to. 

One may ask what meant basic recent three-page paper 
presented the speaker Toronto University, published its last 
engineering monthly, the subject “Artistic Design Bridges”, few 
principles are given, that are the ones engineer should observe 
desired have bridge look right; and there certainly use designing 
structure, unless made look half way artistic. These fundamental 
facts are Simplicity, Harmony, Symmetry Balance, and Proportion. 
that short paper, these principles are defined somewhat length. Further, 
specification should treat more fully the types bridges for different 
locations and classes loads. For example, engineers often not under- 
stand why, Detroit, the speaker planned suspension bridge with span 
1815 ft., carry railroad trains. They say, “this type was failure 
Niagara, why back Some not realize that the inertia the 
longer span allowed the use suspension bridge such case, where 
could not used for short light span. Then why not state also the ulti- 
mate facts about cantilevers, suspension, and long-span bridges? Why stop 
300 ft., data for building ordinary girder truss bridge? The 
same thing will apply, course, number matters specification. 
One not merely give unit stresses for short spans, impact for short 
spans, other short-span data; the data should apply equally all different 
lengths and types bridges. 

The speaker does not know—perhaps, can learned—how far the 
co-operation the fabricating companies can had working out many 
these things. Some time ago, wrote paper “Evolution Bridge 
Design”,* and thinks the members the Committee would find 
value take copy that paper, correct the many typographical errors, and 
use refresh their minds what has happened the last forty fifty 
years bridge design. There have been lot things done, lot things 
tried out, that need not gone over again. The speaker does not know 
whether many engineers realize that, beginning the use steel the 
Nineties, larger unit stresses were used than present. There has been 
retrogression. The Southern Railway, the Baltimore and Ohio Railroad, and 
other railways, have used unit stress 17000 tension for some time. 

Bridge engineering may logically divided into six periods; the first 
period the Historical, previous 1800; the second period, that Primitive 
Trusses, from 1800 1840. From those days came the Towne Lattice and 
some other simple trusses. The third period was that Modern Trusses, from 
1840 From this period came the Howe and Whipple trusses and the 
Pratt truss. The fourth period was that Long Truss Spans, from 1860 
1880, and one the first long spans, Cincinnati, Ohio, has just been 
replaced—the old Cincinnati Southern Bridge, designed Bouscaren and 
built Linville. The fifth period the speaker has called the period 
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Scientific Design, from 1880 1900, covering the work done Messrs. 
Johnson, Cooper, Thacher, and all the old-timers bridge design. The sixth 
was the period Commercialism, from 1900 1920. The speaker 
thinks all engineers must realize that progress bridge engineering stopped 
about 1900. has not gone ahead very much; all that was desired was 
bridges and tonnage; and hoped that this present, Ultimate 
Period twenty years, from 1920 1940, will possible get away 
from the past and-get down the Ultimate Facts, has been stated before, 
and what really wanted for use bridge design the Ultimate. 

The matter punching and reaming, else drilling, feature that 
ought made more definite. course, realized that officials 
shops now equipped for punching and reaming not wish throw away 
their machinery; but some them are gradually turning their equipment into 
drilling machinery, and have been stating for some time that their shops can 
now drilling just cheaply more cheaply than they can puuching, 
the speaker does not see any reason, that so, why the reaming clauses 
cannot ultimately dropped from specifications and save that great economic 
loss extra cost bridgework. 
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Earth bank coffer-dam 

Log 

Sheet-pile coffer-dam. 
Removable box coffer-dam 

Cribs and tubes 

Open caisson 

Diving bell caisson. 

Pneumatic caisson 

Combined diving and pneumatic caisson... 
Ballmatic caisson 

Freezing process 

Grouting process 


few words might said about what Mr. Seaman ‘has written about 
foundations his Tentative Specification.* Here, again, certainly not 
desirable into too much detail; but would desirable cover some 
things that never have been covered. Some time ago the speaker gave 
Engineering and some data (Table 10), that had been worked 
out foundation types, that is, what type foundation applicable 
certain conditions and certain depths. Twelve types were given from earthen 
bank coffer-dams, through various types coffer-dams, dredged cribs and 
caissons, showing the minimum and maximum possible depth for each class 
foundation. There will found great many young engineers wholly 
sea when they try decide the type foundation use for their struc- 
ture, yet they know perfectly well where look for the engineering formula 
determine how many and what length piles are required. 
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There another class data which ought covered, that is, “unusual 
engineering forces”. The speaker has had occasion into the question 
hurricanes, hurricane waves, hurricane storm tides, and ice pressures; and, 
lately, bridge being built California, going into the matter earth- 
quakes and geological forces. These are all things that one might say are 
special that not necessary cover them specification; but 
desired write real specification, instead merely reference rules for the 
drafting-room shop, these things—the latest, best, things— 
should covered.* surprising the work one has do, often spending 
months one these special problems gathering data get report 
shape, that the client can told the ultimate facts which one willing 
subscribe. 

The new specifications, therefore, should cover only points general design 
and general detail, while the sections covering Unit Stresses and Details 
Design should printed separate pamphlet for use the designing, 
drafting, and templet departments the railway and bridge companies. Like- 
wise, the sections covering the Quality and Workmanship should 
printed separate pamphlet for the use railway purchasing and in- 
spection departments and the shops the bridge companies; and third 
pamphlet Inspection, Painting, and Erection. These sets rules can then 
referred number the general specification. 

This general specification then should cover General Designs; Artistic 
Features; General Data; Loads and Unusual Forces; Unit Stresses; Details 
Construction; and Material and Workmanship, two separate pamphlets; 
Inspection, Painting, and Erection detail, else third pamphlet; and 
Foundations general, with foundation details, preferably separate 
pamphlet. 

Each large railway, least each great system, will undoubtedly, stated, 
have its own general specification, but there need reason for duplicating 
the matter suggested for printing the three separate pamphlets. 

But let repeat, “First all, let’s get the facts”. 


been much the discussion the column formulas proposed the 
Committee. designing airplane structures, necessary use very 
slender columns and low factors safety. account these two charac- 
teristics airplane structural members, much research work has been done 
columns both wood and steel, the results which are not well known 
the Profession. Although the columns used airplanes are small, they 
cover wide range slenderness ratios, and give interesting 
the subject columns general. 

The most important result that the Euler formula will give 
the failing load for truly centrally loaded column, provided the Euler load 
less than the failing stress the material direct compression. Some 
the most interesting tests have been made spruce columns, which, owing 


Engineering and Contracting, June 28th, 1922. 
Aeronautical Structural Engr., Dept:, McCook Field, Dayton, Ohio. 
Received the Secretary, September 1st, 1922. 
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the lack homogeneity wood, one might expect inconsistent results. 
The average crushing strength airplane spruce about lb. per sq. in. 
and the average modulus elasticity about 1800000 per sq. in. The 
ultimate stress the Euler formula equals the crushing strength values 


between and for pin-ended columns. series tests was recently 


made McCook Field, under the writer’s direction, which all struts with 
slenderness ratios over failed values slightly below the ultimate 
according the Euler formula. Struts with slenderness ratios and 
failed practically the same load short pieces cut from the ends the 
same specimens. Great care was taken prevent eccentricities loading, 
and any measurable deflection was obtained under about two-thirds the 
expected ultimate, the column was reset the testing machine. This pro- 
cedure eliminated nearly all eccentricities, whether due lack homogeneity 
material any other cause. The difference between the actual failing load 
and the Euler load was evidently due the small eccentricity remaining. 

These McCook Field column tests were made under laboratory conditions 
which could never approached engineering practice. Their value lies 
proving that the lower limit the range which the Euler formula applies 
much smaller than had previously been believed, and that the reason for 
using other formulas for short struts was not because the Euler formula did 
not hold for such struts, but because the effect eccentricities becomes 
great the short columns that the Euler formula longer safe approxi- 
mation. The Euler formula does hold the conditions are those for which 
was developed. 

The real problem column design that making reasonable allowance 
for the effect the eccentricities which are, partly least, unknown 
magnitude. When the Euler formula gives unit stresses less than one-half 
the yield point the material, the effect the eccentricities usually encoun- 
tered small that may safely neglected taken care the factor 
safety. This puts the lower limit the practical range the Euler formula 


about 120 for structural steel. bridges have few, any, structural 


members with such high slenderness ratios, the Euler formula little use 
the bridge designer. 

For columns with slenderness ratios the range bridge practice, allow- 
ance must made for the effect eccentricities, and most profitable 
view the proposed column formulas this light. the eccentricity and 
degree restraint the ends the actual column are impossible deter- 
mine accurately, necessary apply empirical constants any practical 
formula for columns this range. All the formulas that are proposed for 
short columns have these empirical constants, even though they also have 
more less theoretical basis. This applies the Rankine formula, and the 
many and “secant” formulas proposed. 

The column formula which should used for practical design the one 
which combines the greatest degree, ease application, and agreement with 
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test results. These advantages belong the parabolic and straight-line for- 
mulas. The studies Ostenfeld, 1898, the better known experimental 
work, the method least squares, indicated that these formulas give the 
smaller and the Rankine and eccentricity formulas the greater mean errors.* 
these formulas are not only the most easily applied, but also represent the 
test results the most accurately, the writer can see reason for the attempt 
use complex formulas like those proposed Mr. Chewt and Mr. 
These formulas have more theoretical basis than the parabolic formulas and 
appear more accurate, because they allow for the initial eccentricity. 
This appearance accuracy, however, illusory, the initial eccentricity 
must assumed found empirically, and Ostenfeld has showed, the results 
are not close agreement with the tests those the simpler and 
frankly empirical formulas. 

airplane design the parabolic formula exclusively used for short 
columns, with excellent results, for both wood and steel members. easy 
apply, and the constants have definite connection with the properties 
the material. 


Proceedings, Am. Soc. E., August, 1922, 1467. 
Proceedings, Am. Soc. E., April, 1922, 915. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


CYRUS GILDERSLEEVE FORCE, JR., Am. E.* 


Diep 7TH, 1922 


The death Cyrus Gildersleeve Force, Jr., has removed another those 
civil engineers whose activities left their impress the Science Engineer- 
ing during period the development municipal engineering work 
was its The ranks these pioneers, made sturdy group 
men, many whom were without special educational training and all 
whom working with little precedent guide them really accomplished won- 
ders, have been thinned retirement death until, to-day, only few are 
found active practice. impossible estimate the importance 
the work done these men and its value later engineers, but that 
was great importance always realized, when, death takes one 
their number, one stops consider and dwell his accomplishments. 

Cyrus Gildersleeve Force, Jr., who was worthy member this group 
pioneer engineers, was born Ledgewood, J., August 27th, 1841. 
began his engineering career about the end the Civil War, having 
previously obtained his general education the Chestnut Hill Academy 
Suceasunna, J., and the State Normal School Trenton, J., from 
each which institutions was graduated. 

During several years, taught school New Jersey and Indiana, mean- 
while preparing himself for the work which, later, became his profession. 
early directed his studies into the field bridge design and construction 
and obtained employment with Zenas King, Cleveland, Ohio, pioneer 
iron bridge construction and the founder the King Bridge Company. 

Mr. Force served Chief Engineer for two years with this Company, 
during which time, many bridges various parts the United States were 
designed and completed under his supervision. 

Prior 1870, entered the Engineering Department the City 
Cleveland, where remained, various capacities, for many years. The 
records show that was City Engineer from 1884 1887, and, again, from 
1890 1893, and, later, returned the Department Assistant Chief 
Engineer from 1895 1899. Since 1899, had devoted his con- 
sulting engineering practice New Jersey, making his home Ledgewood, 
where died February 7th, 1922. 

August, 1892, Mr. Force was married Miss Cora May Williams, 
Cleveland, who, with sister, survives him. 

Mr. was greatly interested bridge construction and during part 


his employment with the City specialized Bridge 
Engineer, and, later, City Engineer, retained keen interest 


Memoir prepared Robert Hoffmann, Am. Soc. 
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work. served member the Committee appointed inspect the 
piers the Brooklyn Suspension Bridge while was being constructed. 

During Mr. Force’s time, the office City Engineer was subject change 
personnel, depending the political complexion the Common Council. 
This explains the lapses the continuity his connections with the City 
Engineer’s Office, and this condition interrupted service makes difficult 
state definitely the exact work which may have been started him 
that which continued carried through completion. Many projects 
started under his supervision were finished later under other supervision, and, 
likewise, work begun others was carried completed him. Under 
his direction, many miles sewers and pavements were built Cleveland. 
Mr. Force was ardent advocate the building large sewers and 
substantial pavements. The large Walworth Sewer was one which 
gave much attention, both its design and construction. Several large 
bridges, one which was the Central Viaduct, were under construction 
during his incumbencies the City Engineer’s Office, and received the 
benefit his. Many other adaptions engineering work which 
come under the direction city engineer, were efficiently considered and 
conducted him, with the energy and the natural engineering ability for 
which was noted. 

The years which have elapsed since Mr. Force’s engineering career 
the City Cleveland ceased, have proven his great worth and have shown 
him man whose life efforts must conceded have been benefit 
mankind. 

Mr. Force was elected Member the American Society Civil Engi- 
neers February 6th, 1878, and always took keen interest the welfare 
and work the Society. 


REGINALD GILLON CHRISTOPHERS, Assoc. Am. Soe. E.* 


Diep 1918. 


Reginald Gillon Christophers was born Dunedin, New Zealand, 
August 8th, 1882, and was the eldest family five sons. 

began his schooling Dunedin, but his father who was Bank Manager, 
was transferred Invercargill when his eldest son was years old. 
the boy went through the Public School course New Zealand, 
and afterward spent three years, 1897-99, the Southland Boys’ High School, 
from which matriculated. While school, was diligent and thorough 
his duties and, the same time, took leading part the school sports, 
excelling Rugby football. 

was while was student the High School that Mr. Christophers 
began his military training, rising the rank Sergeant the High School 
Cadet Corps. leaving school, joined the Volunteers and again suc- 
ceeded earning Sergeant’s Certificate unusually early age. This 


Memoir prepared Denniston Cuthbertson, Esq., Invercargill, New Zealand. 
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training, doubt, stood him good stead when went into camp prepare 
himself for the part was play the World War. 
leaving school, Mr. Christophers took agricultural pursuits, but 


after short time, decided become Civil Engineer and Surveyor. 


this end, served from July, 1901, December, 1904, Survey Cadet 
under Messrs. John Spence and Miller, respectively, Civil Engineers 
Invercargill, passing with credit his examination Surveyor 1904 and 
topping the New Zealand list for that year. January, 1905, accepted 
position with the New Zealand Government Assistant Surveyor, charge 
field party road and settlement surveys. relinquished this position 
June, 1906, and came the United States, where remained until 1911. 
During this period his record reads, follows: 

From August, 1906, February, 1907, Transitman with the Atchison, 
Topeka, and Santa Railway Company, maintenance way, Oakland, 
Calif.; March September, 1907, charge location party the 
Monterey, Fresno, and Eastern Railway, Monterey, Calif.; October, 1907, 
January, 1908, Engineer Construction for the Ransome Concrete Company, 
San Juan, Calif., heavy foundation work, charge all earthwork, 
reinforcement, and also assisted the Superintendent; June September, 
1908, Transitman for the Deputy Surveyor, summit Sierra Nevada 
Mountains, September, 1908, December, 1909, Transitman and 
Instrumentman location and construction the Western Pacific Railway, 
serving for two months Resident Engineer miles construction; 
January April, 1910, made contour survey large dam site for the Sierra 
and San Power Company, Angels Camp, Calif.; April November, 
1910, Assistant Engineer with the Western Pacific Railway Company charge 
party filing map surveys Feather River Canyon, California; Decem- 
ber, 1910, March, 1911, with the Union Lumber Company, Fort Bragg, 
Calif., making estimate the cost building railways; March August, 
1911, Assistant Office Engineer Pope, Am. E., who was 
charge revaluation for the Southern Pacific Company, making revaluation 
profiles and estimating the cost bridges and culverts the entire system 
the Oregon Railway and Navigation Company; and August December, 1911, 
(Locating) Engineer for the Coos Bay and Eastern Railway Oregon, 
making preliminary survey for miles proposed railway. 

Returning New Zealand 1911, Mr. Christophers began the private 
practice his profession member the firm Robinson and Christophers, 
Stratford, Taranaki, the firm acting Consulting Engineers Stratford 
Borough and other public bodies, County Engineers, Whangamomona 
County, ete. 

1915, Mr. Christophers was appointed Engineer the Hobson County 
Council, and filled this position with distinction until 1917, when order 
join the New Zealand troops the World War, entered camp Second 
Lieutenant and was attached the Machine Gunners. soon gained the 
reputation being capable and thorough officer, keen about his work and 
loved and respected his fellow officers and the men under him, whose 
welfare never tired devoting himself. Lieut. Christophers was strict 
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disciplinarian, not only with his men, but also with himself, but his absolute 
fairness and impartiality soon gained for him the confidence the troops and 
made his task happy one. 

sailed from New Zealand, June, 1918, and short period 
training England, joined the First Battalion, Otago Infantry Regiment, 
France, from which time, took part some heavy fighting. met his 
death particularly gallant manner: Leading his men charge against 
the enemy’s trenches, was barb wire, and was cutting his 
way through, was shot the throat German officer. lingered for 
few days and died the Fourth Casualty Clearing Station, France, 
October 13th, 1918. 

Lieut. Christophers lived his short life with fullness given few 
enjoy. was one who, holding the highest ideals, lived them nobly, 
setting example which any one might well emulate, and finally giving 
his life the finest way possible, defense his King and country. 

While the United States, Lieut. Christophers was married Miss Alice 
Mildred Vyner, who traveled from New Zealand join him. survived 
his wife and two sons. His father and mother also survive him, but their 
family five sons, only one remains, the other four having given their lives 
their country the World War. 

“They shall grow not old who are left grow old. 
Age shall not weary them nor the years condemn. 


the going down the sun and the morning 
will remember them.” 


2p, 1922 


Louis William Klingner, the son Dr. Louis Klingner, was born 
Toronto, Ont., Canada, June 10th, 1886. received his engineering 
education the University Toronto from which was graduated 1907. 
This was followed post-graduate work Columbia University, New York 
City, during 1909-10. 

From June October, 1905, Mr. Klingner served Chainman and Rodman 
with the Canadian Pacific Railway Company, and from May October, 1906, 
was employed Draftsman the office Division Engineer 
Am. Soe. E., Toronto. 

Klingner was Field Draftsman and Instrumentman the Georgian 
Bay and Seaboard Branch the Canadian Pacific Railway from May, 1907, 
January, 1909. While this position, prepared plans for the layout 
docks and quays, and the harbor Port McNichol, the western terminal 
the line. was also engaged the layout the yards and the first 
unit grain elevators. 


Memoir compiled from information supplied Fraser Keith, Secretary, Eng. 
Inst. Canada, and file the Headquarters the Society. 
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From January May, 1909, was employed the preparation plans 
for the Toronto-Sudbury Branch, and the Georgian Bay and Seaboard Rail- 
way, the Canadian Pacific System, the offices the Division Engineer. 

From July November, 1909, Mr. Klingner was with Just and 
Company, Long Island City, Y., Detailer structural steel, and 
from November, 1909, July, 1910, was employed the New York Central 
Railroad Company Designer masonry and reinforced concrete for the 
Grand Central Terminal, New York City. 

From July, 1910, February, 1911, was with the Foundation Company, 
Limited, Montreal, Que., Canada, the following capacities: Superintend- 
ent Construction reinforced concrete oil tanks, built for the Queen City 
Oil Company Toronto, from July December, 1910, and Assistant 
Superintendent the Dominion Express Building foundations Montreal, 
from December, 1910, February, 1911. 

From February, 1911, March, 1912, Mr. Klingner served Resident 
Engineer double track from Smith’s Falls, west, Glen Tay, Ont., 
charge all grading, bridges, culverts, for the Canadian Pacific Railway, 
and from March May, 1912, was charge party revising location 
the Campbellford, Lake Ontario, and Western Railway, branch the 
Canadian Pacific Railway. May, 1912, was appointed Resident Engineer 
Section No. the same road, charge all grading, laying out 
bridges and culverts, and preparing plans for bridges, trestles, which 
position retained until August, 1913. 

During the latter part 1913 and 1914, Mr. Klingner was employed 
Company Engineer with the Dominion Construction Company, Toronto. 
the outbreak the World War, enlisted Lieutenant with the 
Field Company, Canadian Engineers, and was engaged first instructing 
and training infantry field works and military engineering Toronto. 

From April December, 1915, was charge construction work 
Niagara Camp, and from December, 1915, March, 1916, was with 
Depot Company the Engineers’ Training Depot, Ottawa, Ont. From 
March July, 1916, served with the 8th and 10th Field Companies, 
Canadian Engineers, England, and from August, 1916, May, 1918, 
was Lieutenant the 10th Field Company, Canadian Engineers, France. 
From May August, 1918, served Captain the 10th Battalion, 
Canadian Engineers, and from August, 1918, July, 1919, Staff Captain, 
4th Brigade, Canadian Engineers. 

Captain Klingner was awarded the Military Cross November 16th, 1916, 
for exceptional courage bringing in, under enemy fire, wounded Canadian 
officer the Somme, risking his life for comparative stranger. was 
demobilized July 6th, 1919. 

his return Canada, accepted the position Company Engineer 
and Comptroller the International Corporation Canada, Montreal, 
and, 1920, was appointed District Irrigation Officer charge all irriga- 
tion surveys with the Irrigation Directorate, Bagdad, Meso- 
potamia, having under his control eighty-four local officers, with parties 


the field. 


AY 
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April 2d, 1922, while making trip along the Tigris River from Bagdad 
his Serrai headquarters, his motor launch was swept against bridge pier 
with such force that was crushed and sunk within sec. and Capt. Klingner 
was drowned. 


was man generous nature, sterling character, and high ideals, and 
his loss irreparable. 

Captain Klingner was elected Junior the American Society Civil 
Engineers October 1911, and Associate Member June 24th, 
i914. was also Member the Engineering Institute Canada. 
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THE COLORADO RIVER DEVELOPMENT 


The Colorado River and its tributaries constitute one the greatest poten- 
tial assets the United States. Already serving more than 2000000 acres 
farm land with irrigation water, will eventually serve treble that area. 
drains parts seven States, and flows for more than 100 miles 
soil. Before the building railroads, was navigated for more than 400 
miles, and although now mainly abandoned navigators, still navigable. 
This, and its interstate and international character, makes its problems pecu- 
liarly national. 

Its great power possibilities are one its most remarkable characteristics. 
Rising the summit the Rocky Mountains, altitudes exceeding 000 
ft., flows rapidly through canyons abounding with rapids, nearly sea level. 
drains area about 244000 sq. miles, including large areas heavy 
snow fall, and its annual average discharge about 000 000 acre-ft. This 
large volume water, with its immense fall, indicates total 
p., which three-fourths susceptible development, whenever reason- 
able markets will justify it. addition, its tributaries, widely distributed 
and already partly developed, have vast possibilities power. 

Its upper courses are mostly mountainous, and traverse few valleys 
moderate area. Its middle reaches are through plateaus scored profound 
canyons, constituting, topographically, one the roughest regions the world. 
The lower stretches pass through hot dry valleys alluvial silt, which are rich 
all kinds plant food and which have growing season twelve months. 
properly regulated, the Colorado ample supply the much needed 
water for the irrigation these semi-tropical valleys and make them produce 
wonderful abundance and sustain dense and prosperous population. The 
discharge the river sometimes less than 000 cu. ft. per sec. and the mean 
flow about 000 sec-ft. The peaks its floods Laguna Dam are times 
more than 200000 cu. ft. per sec. The low-water flow the river already 
appropriated for irrigation and cannot greatly extended without storage. 

The complete and efficient use the river for power also requires its regula- 
tion large storage works. The most important and the most urgent need 
storage, however, the control the destructive floods, which annually 
pour over the lower valleys. large alluvial valley has its problems 
river control, but those the Colorado are unique, account the peculiar 
topographic conditions the lower river. 

The Gulf California formerly extended nearly 150 miles farther north 
than its present head, and the Colorado River emptied into its eastern margin 
about 100 miles south the head, carrying annually into more than 
acre-ft. silt. This deposition built great alluvial delta which finally 
extended across the Gulf and cut off the connection the northern end from 
the sea, converting into inland which the water has been 
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mostly evaporated, leaving its bottom the Salton Sea covering sq. miles, 
with surface nearly 250 ft. below sea level. 

Like other similar streams, the river, laden with sediment, continually 
builds its channel and immediate banks, and forms ridge growing steadily 
higher, until the stream becomes unstable that, some great freshet, 
abandons this high channel and follows some course lower ground. this 
manner, the stream swings back and forth over its delta which has been built 
height ft. above sea level, where forms barrier between the 
Salton Sea and the Gulf California. The direct distance from this ridge 
the Gulf about the margin the Salton Sea, the distance 
little more. the inland sea about 250 the Gulf, there 
constant tendency flow northward, and the river should break into this 
basin flood time, would rapidly erode deep channel and would ex- 
ceedingly difficult stop. Unless diverted, the river would fill the Salton 
Sea sea level, higher, and submerge the Imperial Valley, destroying all the 
towns, railroads, and farms, there for the waters the Salton 
Sea except evaporation. This menace would largely removed the 
reduction the floods the Colorado River, and the control its waters. 

Some engineers have held that the sediment carried the Colorado 
voluminous that the construction storage reservoirs the lower basin should 
not attempted, but that such reservoirs built only the upper 
basin, where the waters are comparatively clear. the upper country, numer- 
ous good storage sites have been surveyed and found feasible. They 
intercept the major part the water supply, but their use for the purposes 
the lower basin subject serious objections. 

all the found feasible above the canyon regions were 
constructed, more than one-half the drainage area would still unregulated. 
Although this the more arid part the basin, furnishes occasional serious 
floods, and the flood problem could not thus solved. The Gila River alone, 
although draining only 21% the basin, and contributing only the 
water, occasionally discharges floods the peak flows which are more than 
those the Colorado Laguna Dam. These floods, although short dura- 
tion, and relatively small total volume, are menace and require separate 
storage. This true also any other large area not regulated the reser- 
voirs suggested. Another serious objection using the reservoirs the 
upper basin, that would destroy their usefulness for local purposes the 
upper States and thus virtually destroy the large resources dependent 
them their vicinity. 

the granite gorge that will intercept practically all the 
drainage above the Gila and form reservoir of.any desired capacity, sufficient 
régulate the entire flow the river any desired regimen discharge. 
Such reservoir would not only eliminate the flood river, but 
would also furnish the regulation and the head necessary develop 
firm p., and this same regulation would meet the requirements irriga- 
tion Arizona and California. The regulated flow would also supply two 
large power sites below it, still nearer the present markets. also fortunate 
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that the Boulder Canyon site located within transmission distance 
large available power markets Arizona, California, Nevada, and Utah. 
within about miles transcontinental railway, important con- 
sideration regards accessibility and cost. 

The sediment delivered the Lower Colorado River estimated 
about 90000 acre-ft. annually. This quantity can stored providing 
capacity additional that required for other purposes; capacity 000 000 
acre-ft. would store the silt for century, and larger capacity can pro- 
vided desired. Eventually, will necessary provide regulation above, 
but this far the future that the upper reservoirs will doubtless built 
ample time. Even the Boulder Canyon Reservoir should entirely fill with 
sediment, the power head will unimpaired. Thus, Nature has provided 
means for removing any conflict interests between the upper and lower 
basins the Colorado, and the way open for amicable agreement 
division its waters, which are ample for all feasible uses all the States 
concerned. 

accomplish such agreement, commission has been appointed, headed 
Herbert Hoover, Am. Soc. E., representing the Government. 
representative from each the seven States directly interested also in- 
cluded this commission, which, hoped, will soon reach agreement 
acceptable all the States. 

This will leave the upper States free develop all their irrigation and 
power resources without the menace antagonistic claims the lower States. 
Feasible reservoir sites have been surveyed Flaming Gorge the Green 
River, Juniper the Yampa, and Dewey and Gore Canyon the Grand 
River. site also exists Ouray, the Green River, which capable 
development capacity more than 000 000 acre-ft., forming the largest 
reservoir the upper basin, but would occupy valley that desired for 
use railroad route between Denver and Salt Lake City and may 
devoted that use. Numerous reservoirs less capacity the smaller 
tributaries the Colorado are available for local use irrigation, with per- 
haps some power development. 

About 1526000 acres land are now irrigated the upper basin and 
there possibility bringing this development more than 000 acres, 
nearly three times the present area. 

The lower basin, exclusive the Gila Basin, now includes about 
acres irrigated lands, and this area can increased about 1250000 
acres, exclusive Mexico. Fortunately, the supply water, wisely 
regulated and applied, ample carry out all these projects and develop 
more than 6000000 p., not only without injury irrigation, but the 
great benefit thereof. important that the facts fully ascertained and 
used formulating comprehensive plan for the best use the water, and 
that the development follows this plan. 
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PRESENT TENDENCIES WATER-POWER DEVELOPMENT 
NEW YORK STATE 


The State New York has area about 50000 sq. miles, approxi- 
mately the area Continental United States, excluding Alaska. 
contains, however, one-tenth the population and about one-eighth the 
industries the entire nation. estimated central-station capacity 
about 000 000 the United States, more than p., about 
13%, New York State and the production there about 000 000 000 kw-hr. 
about 15% the total for the entire country. estimated that the 
installed capacity prime movers the State about 000 000 p., which 
steam plants, leaving the steam capacity central stations and electric rail- 
ways about 2500000 The total undeveloped water power the State, 
including one-half the potential energy Niagara and one-half that 
the St. Lawrence River bordering New York State, about 000 
continuous p., divided follows: 


improbable that public opinion will permit complete utilization the 
potential energy Niagara, but competent authorities have estimated that 
least 500 000 additional could developed the American side without 
detriment the scenic effects the Falls. Hugh Cooper, Am. E., 
considers the power the St. Lawrence, either with without canal, 
immediately available. the interior possibilities, the speaker estimates that 
about continuous are susceptible economic development, and 
that installation about 000 would justified permit opera- 
tion the market load factor. Therefore, sufficient undeveloped water power 
available permit replacing all the present steam power central stations 
and electric railways, provided the water power was sufficient flexibil- 
ity meet market conditions. The present annual coal consumption New 
York State for manufacturing, lighting, and transportation purposes, exclusive 
heating, about 37000000 tons, which, estimated, more than 
one-third could saved the development water power. With the normal 
average price coal about per ton, estimated that capital expendi- 
tures about 000 for this would justified. 


GENERAL 


Two general classes water powers exist New York State, follows: 
great continuous powers the Niagara and St. Lawrence 
Rivers. 
irregular powers the interior streams. 


Engr., New York City. 
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The general characteristics the present and proposed developments 
Niagara and the St. Lawrence River are too well known the members 
the Society warrant their discussion paper this character, except 
much their operating characteristics effect the development the irregu- 
lar water powers and steam auxiliaries. 

This paper, therefore, will devoted largely description the present 
developments the interior intermittent streams and the tendencies 
power developments them. 

The striking physical features the State New York are the great 
Adirondack Plateau the northeastern corner, rising maximum height 
ft. above sea level, and the Western Plateau extending through the 
central part the State, from the Hudson the east the western boundary, 
average elevation about 1000 ft. above sea level. The Adirondack 
Plateau drains the west, north, and east, into the St. Lawrence Basin, and 
the south into the Atlantic Ocean through the Hudson and its tributary, 
the Mohawk. The Western Plateau forms the divide between the St. Lawrence 
Basin the north and the Mississippi (Allegheny), Susquehanna, and Dela- 
ware Basins the south. 

Fig. isohyetal map the State and Fig. map with 
equal run-off. These maps are subject the errors due the insufficient 
number stations and lengths records, but they give general idea 
precipitation and run-off conditions. 

will noted that the maximum average annual precipitation the 
Adirondack Plateau (particularly the southern and southwestern part) 
and along the valley the Hudson, whereas, general, the precipitation 
the Western Plateau low. Thus, the maximum annual precipitation the 
Adirondacks excess in., and the average about in., compared 
with average the entire State; whereas, the Western Plateau, 
the average annual precipitation varies between and in., with average 
for the entire area about in. The disparity between the run-off the 
respective regions still more striking, the average annual run-off for the 
Adirondack Plateau being about in., whereas that for the Western Plateau 
about in. When distribution throughout the year, variations through 
series years, considered, the advantage the Adirondack Plateau still 
greater. has greater lake area, more natural storage basins, and almost 
cultivated ground, whereas the Western Plateau contains the most fertile 
land the State and high state cultivation. Duration curves for 
average year the Hudson and Genesee Rivers, typical the two areas, are 
compared Fig. The physical features the Adirondack Plateau are also 
more favorable water-power development, there abrupt drop from the 
high plateau, generally succession falls steep rapids, whereas the 
descent from the Western Plateau, particularly its southern side, much 
more gradual. 

The majority, therefore, the interior water powers, both developed and 
potential, are streams rising the Adirondack Plateau. 
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PRELIMINARY RUNOFF MAP 
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The small mill powers New York State dates back the 
Eighteenth Century. The first large development the State was started 
Cohoes, the Mohawk River, 1833. This the finest power site the 
interior streams and has total available fall about ft. and drainage 
area sq. miles, giving average annual run-off about cu. ft. 
per sec. The development was accomplished means three parallel canals 
the hillside, with differences elevation about ft. About 
was developed turbines wheels operating mechanical drive, and great 
textile industry grew around this site. 1917, hydro-electric plant was 
substituted, which utilizes the full head and which will have ultimate 
installation 50000 p., corresponding the average annual run-off. The 
average power output about three times that the old installation. 


3.5 


2.0 


is? 


Mean Monthly Flow, Cubic Feet per Second per Square Mile 
o 


Percentage Time 


Other smaller mill powers were developed later, but the majority the 
installations during the last century were for the purpose pulp grinding and 
paper-making. The average installation was sufficient use the water avail- 
able for 70% the time, and the intermittent flow was not much con- 
sequence the pulp wood could stored, and the grinding (which consumed 
the larger part the power) could done periods high water. the 
end the Nineteenth Century, the water-power installations the interior 
streams were excess 400 000 


The first large hydro-electric installation was Spier Falls the Hudson 


and was completed 1903. The total head ft., the drainage area, 800 
sq. miles, and the average annual run-off, about cu. ft. per sec. The 
installation eight horizontal wheels and generators typical the period, 
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but rather excess the average installation. capable using the 
average annual run-off 200 sec-ft. which available for only 30% the 
time the average year (Fig. 4). believed that the size the initial 
installation (considered excessive those days) was dictated financial 
reasons rather than sound economic policy. Considering the large pondage 
available this plant (50000000 cu. ft. with 4-ft. draft), this installation 
would considered normal to-day. 


HUDSON RIVER SPIER FALLS 


Installation Spier Falls =Average|Annual Flow 


Percentage Time 


n 


About 1903, the Indian Lake Reservoir, the head-waters the Hudson, 
having capacity 000 ft. (115 000 acre-ft.), was constructed 
association the power owners with the co-operation the State. This 
reservoir and one Salmon River, with capacity about 000 ft., 
are the only storage reservoirs any size, that have been constructed 
New York State for power purposes. Small reservoirs have been built from 
time time private companies, and existing lakes and ponds have been 
drawn during the dry months. The State also, from time time, has 
constructed number large and small reservoirs compensate 
diversion waters for canal purposes. Power owners have benefited from such 
reservoirs, but private owners have done little nothing improve their 
powers storage. One reason for this the fact that, until recently, 
mechanical installations for paper-making were the majority interior 
streams, which installations have great need for firm power for storage, 
except sufficient quantity compensate for extreme low flows that might 
interfere with operations other than pulp grinding. 

Since the construction the Spier Falls Plant, nearly all new installations 
interior streams have been hydro-electric, well certain the additions 
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existing mechanical plants. There has also been some substitution hydro- 
electrical installation for mechanical plants that, to-day, the interior 
streams, there about 400000 mechanical installations and about 


The development more than 400000 mechanical the interior 
streams New York State, prior the introduction electricity, and the 
conformation hydro-electric developments existing developments 
have determined large extent the location and character future installa- 
tions. the early installations, only the immediate use the power was 
considered and advantage was taken the most favorable locations with- 
out regard ultimate possibilities. Even these sites were rarely developed 
their ultimate limit. The average head utilized the larger plants less 
than 100 ft., and the maximum head present 270 ft. Colton, the 
Raquette, where developed. Opportunities existed one time 
for heads more than 600 ft. and installations more than 10000 
through diversions from one water-shed another. The formation the 
Adirondack Plateau peculiarly favorable for diversions large scale. The 
definitions between the various water-sheds their common origin the plateau 
are very slight, and the drainage from hundreds square miles can easily 
diverted from one stream another. Lower down, the streams are often close 
together, with considerable differences elevation corresponding points. 
Owing the large capital investment existing plants the various streams, 
most not all these opportunities are longer economical, and develop- 
ment each stream succession moderate steps necessary. 


The growth the power market New York State has been typical 
that the older industrial communities. First, there was period which 
small detached units were developed, followed one which gradual com- 
bination and expansion into local systems took place. The latter was fol- 
lowed highly competitive period resulting absorption some the 
smaller plants and consolidation and determination territory. The com- 
bination local companies into larger systems, which has been characteristic 
some other regions, has not yet made much progress this State. 
result, there only one large distributing system the State and only one 
transmission line more than 66000 volts, although line 
now process construction the Niagara; Lockport and Ontario Company, 
the distributing system previously mentioned. Even Greater New York, 
three separate commercial companies and five different steam rapid transit 
railways are producing power independently. the last few years, number 
local interconnections have been made for the interchange power, but, 
general, there are large number strong local systems with the power 
generated either water within the district served. Therefore, 
even the same territory, numerous differences frequencies and gen- 
erating, transmitting, and distributing voltages have grown between the 
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different systems and, even within systems, all stages progress the elec- 
trical art are sometimes illustrated. One small system actually uses all three 
frequencies well direct current. 


Present 


The power market the State varied different localities, but may 
divided into five groups. 


region immediately surrounding Niagara Falls where the load 
heavy industrial and electro-chemical, supplied entirely water power, 
with annual load factor between and per cent. 

Second.—Buffalo, and that part the State west Syracuse served 
water power from Niagara, with certain amount steam auxiliary power 
for meeting peaks. The load industrial and commercial, and the annual 
load factor between and per cent. 

northern slopes the Adirondacks, served entirely water 
power, either from the interior streams from the St. Lawrence. The load 
largely industrial and the load factor about per cent. 

Fourth—The New York Metropolitan District, where the load com- 
mercial, light industrial, and railway. All the electric power this district 
steam generated, and the combined load factor about per cent. 

remainder the State, principally the valleys the Hudson 
and Mohawk, served intermittent water powers the interior streams and 
considerable amount steam auxiliary. The load mixed industrial and 
commercial, and the annual load factor about per cent. 


summarize: Outside New York City, the main source electrical 
energy water power, and the load mainly industrial. Only New York 
City does the lighting part the commercial load play important part. 

The average annual load factor for the entire State 42%, and complete 
interconnection would result load factor about 50%, indicating 
diversity about 16%, follows: 


100 


The characteristics the ideal load that would obtained complete 
interconnection are shown the duration curve, Fig. and the peak day-load 
curve, Fig. The theoretical saving capacity that would result from inter- 
connection would about 250000 kw., exclusive the saving reserve 
which would inevitably follow. Other considerations, nevertheless, 
compel the conclusion that the economies capital expenditure and operating 
expenses due interconnection, themselves, would not warrant the necessary 
expenditures for transmission. If, however, the further development and 
distribution water powers should warrant the construction trunk trans- 
missions, great additional benefits would follow through the interconnections 
thus caused. 
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Percentage Maximum Load 


COMBINED LOAD PEAK DAY 1919 


CENTRAL STATIONS AND ELECTRIC RAILWAYS 
NEW YORK STATE 
DECEMBER 18, 1919 
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FREQUENCY 


The chief obstacle complete interconnection and interchange power 
the difference frequency. 1919, the total generating capacity cen- 
tral stations and electric railways throughout the State was divided, shown 
Table 


TABLE 
Frequency. Capacity, kilowatts. Percentage whole. 
Direct-current and miscellaneous 100 3.9 
183 100 100 


large part the current generated 25-cycle utilized direct 
current, whereas the direct generated utilized almost entirely 
manufacturing processes. All the 40-cycle concentrated the Albany- 
District. The 25-cycle almost entirely concentrated New 
York City and the territory west Syracuse served the Niagara water 
powers. There large and growing 60-cycle capacity the New York 
City Metropolitan District and throughout the remainder the State, 60-cycle 
rapidly growing ascendency. 

The tendency toward the gradual elimination the 40-cycle frequency 
favor the 60-cycle and the restriction the 25-cycle territory now 
served. doubtful whether the 60-cycle frequency will ever gain great 
foothold the Niagara District, but the next ten years should witness 
great reduction the 40-cycle, the increase the 60-cycle least 
parity with the 25-cycle New York City, and the virtual elimination 
the frequency other parts the State. 


TENDENCIES 


The present tendencies water-power development the State New 
York are: 

substitution for mechanical power existing 
plants. 

Second.—Plans for the provision greatly increased amounts storage. 

selective development and operation water-power plants 
varying characteristics. 

for the unified development individual streams 
utilize maximum possibilities. 

interconnection permit profitable interchange 
power between plants different characteristics. 

over-development for the purpose meeting the market 
factor and decrease the number units. 
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The change from mechanical power has been proceeding 
gradually and almost completed all industrial plants except those engaged 
wood-working and paper-making. The principal use power paper- 
making (which utilizes more than three-quarters the present mechanical 
power) pulp grinding, and there practically advantage electrical 
installations, except the possible disposal surplus power. number 
factors are now tending against continuance the paper industry New 
York State, among which may mentioned the decreased supply available 
timber and the increased cost getting the mill, the increased value 
power, due the increased cost producing power steam, 
the growth the electric power market the immediate vicinity, the develop- 
ment cheaper water power Canada adjacent plentiful supplies pulp 
wood, and the operation the present tariff. may safely predicted that 
the rate change from mechanical hydro-electric power will greatly 
accelerated during the next decade. This power will seek outlet the 


growing public utility market and will tend diminish the new hydro- 
electric construction. 


Storage developments for power purposes New York State, date, have 
been insignificant. With about 900000 installed the interior streams, 
the total storage only 400 cu. ft. (470000 acre-ft.), less than 
14% the annual run-off. this, cu. ft. has been provided 
the State compensation for canal diversion, leaving only 100 000 000 
cu. ft. which has been provided power companies for their own use. The 
Adirondack Plateau lake region with numerous large bodies water. 
Unfortunately, the use most these lakes for regulation greatly limited 
prevented the settlement along their shores numerous summer colonies 
with expensive improvements. However, almost countless natural basins exist 
thinly settled wild localities, that can economically improved. Within 
the Adirondack District, has been estimated that there are practicable 
reservoir sites with total capacity about 000 000 cu. ft. 300 000 
acre-ft.), which sufficient store 32% the average annual run-off the 
District. physically possible, therefore, control all the Adirondack 
streams such extent make them independent any steam auxiliary, 
this should prove desirable and economical. The limits this not 
permit discussion the economic quantity storage, but, least, certain 
proportion these reservoirs are surprisingly cheap view the benefits that 
would réaped. 


There are many reasons why more storage has not been developed, but the 
chief reasons are follows: 

First (and ownership, the State, acres 
land through the Adirondack District. This constitutes the Forest 
Preserve and, provision the Constitution, can neither sold nor 
used. There are only few possible sites that not contain least one 
pareel State land, was not 1916 that amendment the Con- 
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stitution, permitting the use not more than these lands for storage 
purposes, was followed the necessary legislation authorizing the organization 
corporations known River Regulating Districts take over such 
lands are needed for the reservoirs. The intervention the World War 
and the necessity perfecting legislation have delayed action any 
scale, but one such district now successful operation and legal restrictions 
are now removed. 

co-operation between numerous independent owners de- 
veloped plants each stream the administration and expense the storage 
reservoirs has been difficult obtain many instances. 

Third—A considerable proportion the independent owners are paper- 
makers using mechanical drive. Most their power consumed pulp 
grinding which need not carried continuously the pulp wood floated 
down the spring floods and, any case, must stored. Grinding, there- 
fore, can done when there sufficient water, and the only need regulation 
prevent extreme periods low water which may interfere with their other 
operations. They require, therefore, only low degree regulation opposed 
the high degree regulation which economical for the hydro-electric 
plant. However, the average paper-making plant installed for the flow 
available for 70% the time and, for hydro-electric plants, the present 
economical installation for the average flow that available for 30% the 
time, possible adding equal installation hydro-electric apparatus 
the paper plant enable the combined installation reap the full benefit 
the high degree regulation. The average small paper-maker is, however, 
loath enter the hydro-electric field which does not understand and 
which controls market. The influence the paper industry, therefore, 
has heretofore been against large amounts storage and the gradual decline 
this industry will accelerate the storage program. 

Public and private investigations the storage possibilities the State 
have been made sufficient establish the physical and financial features the 
storage situations. the way now open from legal point view, and 
both public opinion and ideas within the utility industry have been 
would appear that period extensive storage development now possible. 


SELECTIVE DEVELOPMENT AND OPERATION 


New York State, there are two main classes water powers consider, 
that is, the continuous powers the boundary streams and the intermittent 
powers the interior streams. 

The continuous powers were developed first for loads, such 
those the metallurgical and electro-chemical processes with which annual 
load factors and 90% are common. When the continuous powers were 
introduced the general market with prevailing load factor 60%, 
was found profitable use these far possible the base load and 
obtain peak capacity from other.sources. Thus, Buffalo, only miles from 
Niagara, located the 100 000-kw., steam plant the Buffalo General Electric 
Company, which operates conjunction with continuous water power pur- 
chased from Niagara. The technical reasons for the and opera- 
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tion this steam plant have never been clear the public mind, and the 
charge frequently made the press that Buffalo has been deprived her 
fair share Niagara power. Attempts denial explanation are met the 
statement, which usually conclusive the lay mind, that has been neces- 
sary erect large steam plant Buffalo. Nevertheless, the continuous 
powers are utilized the general market the best advantage and with 
the greatest economy, certain that peak power must supplied either 
from steam from the intermittent interior water powers. 

The interior water powers, owing lack storage, are present de- 
pendent large steam auxiliaries. This steam auxiliary makes possible 
certain variety operation, either carrying all the load water periods 
high flow, carrying base peak loads water steam. When ade- 
storage regulation has been provided, will theoretically possible 
operate without steam, although the speaker’s opinion that certain 
amount steam power will always utilized for regulation, flexibility, and 
peaks. With complete storage regulation, will further possible 
for the interior water powers used auxiliaries the large continuous 
powers some large steam-power market, such New York City. For 
working within system themselves, will possible adapt the design 
the different plants the physical conditions. For example, plant with 
good pondage, high head, and short pipe lines penstocks may greatly 
over-installed and used the peak load, whereas plants opposite char- 
acteristics may operated continuously the base load. may that 
certain streams can devoted entirely the production peak power and 
others that base power. 

example the harmonious development and operation continuous 
water power, intermittent water powers with ample storage, and steam, 
furnished the system the Niagara, Lockport and Ontario Company. The 
conditions 1916 were, follows: 


Maximum 15-min. integrated peak........ 400 kw. 
Total output for the 427045 000 kw-hr. 
Average load factor for the year....... about 57%. 
Continuous power purchased 
Installed capacity hydro-electric power 
Installed capacity hydro-electric power 
Minetto (Oswego), Y............ 9600 
Installed capacity steam electric power 


Total capacity..... 121 100 kw. 


All these plants are tied together transmission lines nearly 200 miles 
long and are operated unit. considered independent plants designed 
operate continuously normal load factor, the machine installations 
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Salmon River and, smaller degree, Minetto, are excessive. normal 
installation for independent operation Salmon River, considering the 
water available, would not greater than 11000 12000 kw., compared 
with the 000 kw. actually installed, and Minetto not greater than 000 
kw., compared with the 600 kw. installed. This over-installation the 
basis the methods operation. 


METHODS OPERATION 


The continuous water power, purchased flat rate, operated the 


base load high load factor. 
The Minetto plant operated generally during the day the base load, 


with high load factor while operating. 
The peak load taken the Salmon River plant, aided steam 


seasons low water, both operating low load factor. 


During 1916, the continuous water power had load factor for the year 
nearly 90%, and consequent use about 90% the available water. The 
steam and water power operating the peak had load factor for the year 
about per cent. Owing the great quantity storage at.the Salmon River 
plant cu. ft.) and over-installation permitting intermittent 

opération, almost 90% the available water this stream was used. 

During 1919, only 000 kw-hr. total 435 000 000 kw-hr., 
the total power was furnished steam. The result is, that with system 
load factor less than 60%, the load factor water power while operating 
nearly 90% and, consequently, nearly 90% the available water used. The 
extra expense chargeable this method operation the cost the addi- 
tional machine installation Salmon River the transmission lines are nec- 
essary any case distributors. The fixed charges this additional instal- 
lation are only fraction the value the increased output. 

The future water-power development New York State lies the pro- 
vision adequate storage for the interior streams and the selective develop- 
ment and operation the plants these interior streams harmony with 
the great continuous powers the St. Lawrence and Niagara. Although the 
cost development the interior streams uniformly greater, the ability 
furnish peak power makes their output more valuable. 


UNIFIED DEVELOPMENT INDIVIDUAL STREAMS 


These possibilities can realized their fullest extent only stream 
regulation and the harmonious development and operation number 
plants stream, group streams, accordance with well ordered 
plan, and providing the necessary transmission ties, that operation can 
based community interest and that development will longer 
governed local considerations the immediate market. 

Considering the age the water-power industry the. State, and the 
fact that was well established number the interior rivers prior 
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the introduction hydro-electric power, not surprising find the greatest 
variety ideas the design the different plants single stream. The 
mechanical and hydro-electric plants are interspersed, and the desirable 
methods operation the two types are dissimilar. Consequently, there 
considerable interference times. The ponding water night the 
plants, carried too far, tends hamper continuity oper- 
ation the mechanical plants, and the installations the latter are gen- 
erally much smaller proportion, may even cause considerable loss power. 
Until recently, water-power legislation the State was backward and the 
Courts usually relied interpretation the common law which every 
owner riparian rights was entitled the natural uninterrupted flow. Any 
harmonious scheme development and operation, therefore, was dependent 
unanimous private agreement which has never been accomplished. 
ference between adjacent plants has generally been the subject private 
agreement and mutual compromise, but stream any size has unified 
plan been devised and adopted for harmonizing the size the installations 
and methods operation the various plants. 

The organization the River Regulating District based mutual 
understanding between all the power owners stream, has changed this 
situation, and the gradual conversion the mechanical plants hydro-electric 
power removing the chief source disagreement. The possibility sup- 
pondage the release water from the reservoirs during cer- 
tain hours the day, thus providing additional peak capacity, has drawn further 
attention the necessity for unified operation. Plans have been prepared 
for the re-installation series plants one stream with view the 
operation all them for the maximum total output and the best operating 
conditions the combination without regard the individual plants. 
may stated, therefore, that there distinct tendency toward more har- 
monious development and operation. 


INTERCONNECTION 


For long time, the method growth of. the power industry strong 
local systems already described and the differences frequency and voltage 
tended minimize interconnection. Even between systems the same 
nominal frequency there were often differences actual frequency. The 
World War showed the importance interconnection permitting transfer 
blocks power and overcome some the differences. Intercon- 
nections and interchanges brought about the war were often found 
profitable, owing diversity load the operating conditions surround- 
ing certain water-power plants. For example, water-power plants with large 
pondage found profitable shut down night during periods low 
water and take surplus power from plants with small pondage, sometimes 
returning peak power the latter day. Local for such 
exchange has made great progress recently. Several trunk transmission lines 
mcderate length and voltage are now course construction rehabilita- 
tion. would seem that any general scheme interconnection such that 
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proposed the Super-Power Survey dependent the development 
water power large scale. 


AND DECREASE NUMBER UNITS 


unregulated stream, the present normal installation hydro-electric 
plants about sufficient use the average flow. the Adirondack streams, 
this will permit, during the average year, continuous operation for only 
the time; but continuous operation during 10-hour day assured for 
65% the time for the average year. This requires the pondage suf- 
ficient conserve the night Where pondage available, the installa- 
tion generally less. 

the minimum flow increased regulation, pondage requirements be- 
come somewhat greater, unless the reservoirs can operated hourly 
schedule. fully regulated stream, the installation may twice the 
minimum regulated flow available for 95% the time, even higher where 
ample pondage available. This will permit operation annual 
market-load factor less than per cent. The general tendency the past 
few years has been toward greater installation, and this undoubtedly will 
accentuated regulation. 


time-honored rule among steam power plant designers that in- 
dependent power plant should contain from five eight units. the early 
hydro-electric plants, which Spier Falls type, eight units were used. 
Since that time, there has been increase the size units and conse- 
quent reduction number. The principal limiting conditions deter- 
mining the number are the maximum economical size, the flexibility necessary 
for meeting load conditions, and the necessity for break-down reserve. With 
the growth the market, the increase the number water-power plants 
system, and growing interconnection, the requirements for flexibility 
and break-down reserve have decreased. Sufficient flexibility for economic 
operation can usually obtained with three units. The maximum number 
units plants modern design five and the minimum two. general, 
may stated that present practice calls for three five units, with ten- 
dency toward the smaller number wherever the economic limit size unit 
will permit, and this will undoubtedly accentuated the tendency toward 
unified development and harmonious operation the plants each 
stream. 


part the United States has conservation natural resources 
through the development water power been given more thorough and com- 
petent public and private study than the State New York. Nevertheless, 
during the past few years, development has lagged, and the additions which 
have been made, have been the result individual initiative. Legal restric- 
tions which have been largely responsible for the lack 
have now been removed, and the speaker believes that the State New York 
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now the eve comprehensive development the natural resources 
the interior streams. order obtain the greatest benefit, such develop- 
ment must based community interest and thoroughly co-ordinated, 
order that the maximum economic each stream may 
eventually realized. means that there must general plan and that 
each individual step whether dictated public private initiative must fit 
into the general plan. Such result can only the development 
the spirit co-operation. 
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Probably more water-power projects are now under construction than ever 
before the United States, and the Pacific Coast, usual, leading this 
work. One the most important elements this renewed activity the 
Federal Water Power Act which was passed Congress 1920. Perhaps 
the time has been too short permit passing conclusive judgment either 
the law its administration, but the fact that the applications filed with 
the Commission aggregate more than 000 000 p., and that the greater part 
the projects now under way are being built under the provisions the Act, 
should afford least tentative basis for appraising its value. 

The early years the operation any statute are particularly important, 
because they are the period its interpretation and the establishment 
precedents its administration. For this reason, and also because this particu- 
lar statute has close relation the work the engineer, desirable that 
all engineers should familiar with its essential features and fundamental 
basis, with the manner which operating, and with the results that are 
being accomplished. 

Many members the Society are familiar with the water-power situation 
existed before the present law was passed, and with the difficulties and 
uncertainties that surrounded any attempt make use the resources that 
came within the jurisdiction the Government. The United States the 
owner the public lands, and these lands may used only such manner 
and for such Congress may direct. Through its power regulate 
commerce, Congress has jurisdiction over all the navigable waters the 
United States and may determine what structures may erected over 
them and under what conditions. The manner which international waters 
may diverted and used the subject treaty between the nations con- 
cerned, and the sole power, this country, making and enforcing treaties 
the Federal Government. These are the three fundamental bases which 
rests the authority Congress over water powers. Under this authority, 
has control over the disposition about 85% the potential water powers 
the United States. great importance, therefore, that the legisla- 
tion which Congress enacts shall wisely conceived 
administered. 

was the early policy Congress leave the regulation navigable 
rivers, and, measure, their improvement, the several States and 
the construction such streams whatever structures the 
State laws might authorize. similar policy was first pursued with respect 
the use public lands for power purposes. This early policy was gradually 
modified through legislation which sought preserve the public interest 
the power resources under public control, but which failed appreciate the 
conditions which were necessary these resources were developed for 
public use. fact, the Act 1901 which applied the public lands, and 
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the Act 1906 amended 1910, which applied navigable rivers, and 
which together constituted the legislation effect when the Federal Water 
Power Act was passed, were adopted ‘at too early stage the history 
hydro-electric development suited present-day conditions. 

The Act 1901 expressly limited the rights obtainable the public lands 
mere revocable licenses; and even these rights were jeopardized the pos- 
sibility that the lands which they applied might patented others. 
Authority was granted the form permits issued under general regula- 
tions prescribed the Executive Departments. The Act itself contained 
expression policy, and the regulations issued reflected the views ad- 
ministrative officers and were subject change discretion. The Act 
1910 expressed the general conditions under which rights navigable rivers 
could secured. The grant itself required each instance special Act 
Congress and was limited fifty years. Plans were subject approval 
Federal authority, and the construction locks other navigation facilities 
might required either the time original construction some 
indefinite time the future. The failure both Acts make any provision 
for disposition the properties for extensions the rights termination, 
and the reserved right revoke any permit alter repeal any special 
act any time without recourse the grantee liability the United 
States; almost impossible. 

result this unsatisfactory legislation only about 800000 p., 
largély extensions existing projects, was constructed the public lands 
and reservations urder the Act 1901, and about 500000 navigable 
streams under the provisions special and general legislation. the latter 
amount, only 300 had been developed years under and following 
the Act 1910. While six-sevenths the nation’s potential water-power re- 
sources were under Federal jurisdiction, scarcely more than 
existing developments had made use sites under Government control. 
became apparent, therefore, that any considerable utilization these sites 
require new legislation, and that such legislation must give considera- 
tion the investment the properties well the rights the public. 
The Federal Water Power Act the result the efforts strike balance 
between these two interests. 

place the uncertain tenure and unknown requirements 
legisiation, applicant for power project under the Federal Water Power 
Act may secure license for period fifty years. The license con- 
tract between the Government and the licensee. expresses all the condi- 
tions which the licensee must fulfill and, for breach conditions, 
cannot altered during its term, either the Executive Congress, 
without the consent the licensee. licensee fails commence construc- 
tion, the may canceled administrative action; but after construc- 
tion has been started can cancelled only judicial action, and only then 
other appropriate legal remedy When the license period 
expires, the Government take over the properties for its own use, may 


permit them taken another, may issue new license the orig- 
inal licensee: 
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the properties are taken over before the term the license expires, 
compensation” must paid, determined the Courts condemna- 
tion proceedings. taken over the termination the license, the price 
the “net investment,” amount which represents the original cost less 
much the then existing reserves have been accumulated out earnings, 
addition fair return. the properties are not taken over the 
Government another, the licensee entitled new license such. 
terms will reasonable view conditions then existing. far, 
therefore, action the Federal Government concerned, full recognition 
given every dollar honest investment, but more. 

licensee under the Act, however, has obligations well rights, but 
these obligations have for their purpose the creation conditions under which 
electric energy can produced and sold the least amount consistent with 
the protection the investment and reasonable return. The Act requires 
that works designed with due regard safety and efficiency and the 
fullest practicable utilization the water power available, that they main- 
tained full operating efficiency, and that all necessary renewals and replace- 
ments made. requires that reserves established out earnings, 
order that assets credits may available from which replacements can 
made and which the investment may kept intact. The Act also requires 
the maintenance such system accounts may prescribed the 
Commission, order that information may had with respect investment 
and earnings, and that when the license expires records may available 
adequate for determining the terms settlement, should the properties 
taken away, the terms extension, should the license renewed. 

The Act provides for permanent public ownership and control power 
sites public lands and power privileges navigable and international 
streams, and for their development private capital under full public super- 
vision and regulation. prohibits capitalization for purposes rate-making 
public purchase rights, franchises, lands, other properties, excess 
their legitimate cost. requires that compensation made for rights 
granted and for the use lands other properties the United States; and 
provides that part any earnings specified reasonable rate 
return shall used retirement the investment the properties. 

That these provisions the Act are adequate protect every legitimate 
public interest evident from their mere recital. That the Act also affords 
conditions under which capital may secured for development purposes 
evidenced the results accomplished the years which the Act has 
been effect. this time, 348 applications for permits licenses, involving 
aggregate estimated installation excess 20000000 p., have been 
filed with the Commission. This amount more than twice the existing 
water-power installation the United States. exceeds the combined poten- 
tial water-power resources Norway, Sweden, Finland, and the Arctic and 
Baltic drainages Russia—the chief water-power region Europe. 
nearly twice the combined resources France and Italy. more than six 
times the aggregate all applications for power sites under Federal control 

the preceding years. October 1st, 1922, the Commission had author- 
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ized preliminary permits and licenses, which were for transmission 
lines. The permits now outstanding involve estimated installation 
540 000 p., and the licenses for power projects, 040 000 p., total 
4580000 the projects covered the licenses, 15, involving 
estimated when completed 1880000 and investments 
not less than $250 000 000, are either completed under construction. This 
one and one-half times much was constructed under Federal authoriza- 
tion the years preceding the passage the Federal Water Power Act. 
practical result the present law, probably more water power now 
under construction than any previous period. 

The problems the administration the Act are many and varied. 
Duties have been placed the Commission not hitherto exercised the 
Executive Departments. and practices must developed meet 
the new situation created the passage the Act. The Act itself has re- 
quired interpretation, and decisions have been rendered respecting the rela- 
tions the Commission other agencies, State and Federal, and the bearing 
State and Federal and international treaties the work the Com- 
mission. attempt will made discuss these matters, nor the various 
duties the Commission, any detail, time would not permit. The 
speaker dees wish, however, consider two questions relating the Com- 
mission’s jurisdiction, which are major importance, for its policies 
this, respect will depend small degree the successful administration the 
Act. Whether any particular project must secure license, and what the 
line demarcation between the regulatory—or supervisory—powers the 
Commission and those the several States, are the two chief jurisdictional 
questions. Neither completely answered the Act itself, and neither could 
be, without depriving the Commission that discretionary power necessary 
for dealing intelligently with the particular facts individual cases. 

When power projects involve lands other property the United States, 
the jurisdiction the Commission admits doubt. Ownership 
question fact, and when the fact established, the authority the Com- 
mission clear and exclusive. Outside the public lands and reservations, the 
jurisdiction the Commission involves two classes streams: First, those 
streams which are defined the act “navigable waters,” over which the Com- 
mission has direct jurisdiction, and which development cannot lawfully 
made without its prior approval; and, second, those non-navigable tributaries 
navigable waters which power development, altering the natural flow, 
would affect the navigable capacity the navigable waters. The second class 
comes under the jurisdiction the Commission only when declarations 
intention construct dams within such streams are filed with the Commission. 

The construction power projects streams the first class, that 
“navigable waters,” without first securing license under the Federal Water 
Power Act, would subject the penalties prescribed that Act and 
the Act March 3d, 1899, which prohibits without prior approval “the cre- 


ation any obstruction the navigable capacity any the 
waters the United States.” 
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The Federal Water Power Act defines navigable waters as: 


those parts streams other bodies water over which Congress has 
jurisdiction under its authority regulate commerce with foreign nations and 
among the several States, and which either their natural improved condi- 
tion notwithstanding interruptions between the navigable parts such streams 
waters falls, shallows, rapids compelling land carriage, are used suit- 
able for use for the transportation persons property interstate for- 
eign commerce, including therein all falls, shallows, 
rapids; together with such other parts streams shall have been authorized 
Congress for improvement the United States shall have been recom- 
mended Congress for such improvement after investigation under its 
authority.” 

Whether stream has been recommended for improvement, improve- 
ment has been authorized actually made, simple question fact. 
Whether stream used the transportation persons property 
interstate foreign commerce also question fact which may deter- 
mined investigation; but whether, so, the amount character such 
commerce sufficient warrant the assertion jurisdiction the Com- 
mission matter for decision the individual case. Similarly, whether 
which not now used interstate foreign commerce, suitable 
for such use, matter judgment, and decision must rest the character 
the stream and the probability the future development commerce. 

The Act provides procedure whereby any one proposing build dam 
any stream doubtful status may make declaration his intention and 
have the matter conclusively determined the Commission. There has 
been criticism, particularly the New England States, that the definition 
coutained the Act not clear and that the Act should modified the 
definition interpreted the Commission that the limit navigability 
any stream may determined with such exactness that one need ever 
doubt need ever apply the Commission for its determination. 

The question navigability not one mathematical formulas, and 
there more probability that can removed from the domain in- 
dividual judgment, than that laws general can drawn with such pre- 
cision that the services the Courts can dispensed with their interpre- 
tation. The decisions the Commission the individual cases presented 
will establish precedents that will gradually clear the situation. Three 
recent cases, interstate streams, the Saco River, running from New Hamp- 
shire into Maine, the Connecticut, boundary between New Hampshire and 
Vermont, and the Menominee, boundary between Wisconsin and Michigan, 
are indicative the policy the Commission pursuing. The first two are 
actually carrying property interstate commerce considerable quantities 
the form logs and pulpwood, and the third suitable for such use. All 
three are, therefore, technically navigable; but due the fact that, each 
instance, the laws the State afford full protection such commerce, and 
that the proposed Gams would not obstruct it, the Commission made formal 
finding that the streams were not “navigable waters” within the definition 
the Act, that the proposed dams would not affect the interests of. interstate 
commerce, and that, therefore, Federal license was required for their con- 
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struction. The Commission does not propose extend its jurisdiction this 
respect beyond the point where some substantial interest interstate for- 
eign commerce involved. 

The Commission has certain purely administrative duties. has others 
which are more less regulatory their nature. must assured, for 
example, that the projects which licenses, are adequately maintained and 
efficiently operated; that system accounting established; that periodical 
reports are made; that adequate depreciation reserves are created and main- 
tained; and that under certain circumstances amortization reserves are set aside. 
the absence State authority, may regulate the rates and services and the 
issuance the securities its licensees. some respects, its authority 
exclusive; other respects, its authority concurrent with similar authority 
the several States, and the question once arises where should the juris- 
diction the one end and the other begin, for manifestly desirable 
that State and Federal agencies work harmony and that each assume respon- 
sibility for those duties which, any particular time, the best posi- 
tion perform. 

The fundamental difference between the regulatory power which should 
exercised State agencies and that which should exercised the 
Federal ‘Commission the basis which each rests. The former 
chiefly, not exclusively, exercise the police power; the latter largely 
the enforcement contract obligation. The primary responsibilities the 
Federal Power Commission, therefore, relate the general plan the project 
and its relation other projects and other uses; the design, maintenance, 
and replacement the works; and the determination, the methods 
determination, the items which make the net investment. These are 
matters supervision rather than regulation, and are exercised occa- 
sionally rather than constantly. The primary responsibilities the State, 
the other hand, are regulatory nature, require continuous exercise, and have 
reference chiefly the relations between the licensee and the general public. 
They are concerned with the quality and extent service rendered, with the 
rates charged therefor, and, incidental thereto, with the character 
and amount securities issued, and with the system accounting 
established and maintained. 

recognition this situation, has been the intention preparing 
regulations and adopting procedure for the administration the Act 
limit Federal supervision and control those matters for which the Com- 
mission must itself assume responsibility under the provisions the Act; and 
even within this limit leave far practicable initial responsibility the 
States those matters where the latter also have jurisdiction under their 
own statutes, reserving the Commission the right take initial action 
any matters not covered State statutes, and reserving also the right add 
State requirements such requirements not meet those specifically 
imposed the Federal statute. The Commission not desirous extending 


its own jurisdiction, but believes that the best results can secured through 
co-operative action with the agencies the States. 
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addition the duties already mentioned, the Commission required 
investigate all projects applied for, order determine whether the struc- 
tures are safe and properly designed, and whether full utilization will 
made the resources the stream; must investigate and pass applica- 
tions for restoraticns entry lands power-site reserves; and re- 
quired make valuations all properties licensed under the Act and con- 

structed prior the issuance license. manifest that the duties 

placed the Commission with respect water powers are many times greater 

than have ever been assumed before any the agencies the Govern- 

ment; and yet perform these duties, the Commission—so the Comptroller 
General has ruled—may have personnel its own, other than its Executive 
Secretary and Engineer Officer, but obliged borrow for its work such 

personnel the Departments can spare and are willing loan. Although 
there disposition criticize the Comptroller’s decision from legal 

standpoint, not believed that represents what Congress intended. The 
Commission, nevertheless, has been operating two years under these unsatis- 
factory conditions with detail engineers, attorneys, accountants, and 
clerks—a force utterly inadequate perform the duties placed 
the Act. The Commission has field force its own, loaned otherwise, 
but must depend for examinations and reports and for the conduct field 
hearings the field officers the Departments—men who are primarily 
responsible for their own departmental duties. was given originally 
appropriation $100 000, and this amount was repeated for 1922. For 1923, 
has only the unexpended balance its first year’s appropriation; and yet, 
from lack personnel, will not able use even this. 

Under the the Commission has been obliged delay action 
many important projects, and has been forced omit altogether the 
performance important duties required the Act. This particularly true 
valuations, which cases involving approximately are now 
awaiting action. The Commission has been unable secure the detail 
any personnel with adequate experience valuation work and, therefore, has 
been obliged either suspend issuance licenses where valuations are involved 
provide for valuations the future. has taken the latter course, 
order that much needed power development might proceed. Such course, 
however, almost certain result prolonged litigation and expenses 
many times greater than would have been required had the Commission been 
given the means for carrying out this requirement the law the beginning. 

confining its activities primarily applications for power projects, 
declarations intention, and requests for restoration entry, the Commis- 
sion has been able take final action more than one-half the applications 
for permits and licenses, total the remaining 151, are not 
sufficiently complete for action taken, and action others must 
await prior action other agencies. The Commission has also rendered 
decisions declarations intention, passed restorations entry 
200 cases, and made withdrawals 1250000 acres public lands con- 
nection with applications for power projects. Although the two years’ record 
reasonably satisfactory,- view the serious handicap under which 
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working, the Commission, nevertheless, should promptly placed posi- 
tion where would possible for fully carry out the purposes plainly 
expressed the law. The present situation necessarily results admini- 
stration the law, which insufficiently co-ordinated and only partly effective. 
The chief purpose the creation the Commission was secure common 
policy and single executive agency water-power administration. This 
purpose has not been accomplished. Other agencies are still continuing their 
independent activities, and these activities are not controlled common 
plan and are not subject common direction. This defect will not cured, 
and the Commission will not able perform full the duties placed 
it, until the Act amended that may employ its own personnel. 
important that this action taken early date. Having waited ten long 
years for legislative pronouncement Government policy respecting the 
utilization the huge water power resources the United States, should 
not necessary wait another long period years before means are pro- 
vided for the execution that policy. 

There one other matter which attention should directed. There 
are movements foot several quarters secure for certain sites streams 
special legislation, which, approved, would constitute partial repeal 
the Federal Water Power Act, and eventually would result the progressive 
disintegration the present National water power policy. these proposals 
that rights authorities granted independently the present law, are 
examined, will found that some all the essential features the 
Act, particularly those that protect the public interest, have been omitted, even 
when provisions direct conflict have not been substituted. Furthermore, 
the granting special privileges favored interests would clearly dis- 
criminate against those who the faith that Congress had last fixed its 
policy, are investing hundreds millions dollars under the obligations 
the Act. The results already accomplished afford convincing evidence that 
grants special privileges are not necessary order secure the develop- 
ment all the electric energy that the market can absorb. 

The law, course, not perfect. Many changes could suggested, even 
every one did not agree what changes would desirable. However, 
after many years, law has been enacted under which development rapidly 
proceeding. would folly under such circumstances permit the law, 
the policy which expresses, essentially modified, except after fair 
trial and convincing evidence the desirability change. All those in- 
terested should rather unite working out, within the broad limits dis- 
cretion which the Act permits, practices and policies that will hasten the 


use, under proper conditions, the vast water-power resources the United 
States. 


‘ 


1766 HIGH-VOLTAGE POWER TRANSMISSION [Papers. 


HIGH-VOLTAGE POWER TRANSMISSION 


The subject power transmission will for the purpose 
bringing out limitations imposed engineering difficulties resulting from 
the use high voltages. This will involve consideration insulation, 
regulation, and reliability operation. 

Assuming equal reliability, the transmission voltage must decided purely 
from the economic standpoint. Although intended confine this paper 


principally the technical problems involved, will necessary con- 


sider, some extent, the economic side. general, the economical use 
the higher voltages will require large concentrated sources power with 
large demand some distant point; and seems that the end this will 
the real criterion the voltage limit and not engineering difficulties 
insulation. 

During the last twenty years, transmission voltages have increased the 
rate 000 volts per year. Engineering has more than kept with economic 
demands, and not likely that such demands will increase indefinitely 
this rate. 

all engineering work, necessary conduct research well advance 
that time, the laws corona, shielding insulators, were investigated. 
more than ten years, 220 000-volt transmission about realized 
practice two large systems California. Transmission voltages 
more than 000 000 volts were investigated Pittsfield, Mass., during Septem- 
ber, 1921, and the investigation has since been carried 1500000 volts. 
Such high voltages may never necessary for power transmission, but 
study characteristics over wide range great practical importance. 

order make the discussion definite and practical, the characteristics 
the highest voltage systems present will considered first and, later, those 
the whole field will obtained considering the two extremes. 

stated previously, high-voltage lines must able deliver large 
amount power. well, perhaps, start with definite idea what 
this means. Roughly, volts will required when the power trans- 
mitted 50000 100000 kw. more per circuit and the distance 150 
300 miles more. 1000000 volts, economical transmission would 
probably required least 000 000 kw. per circuit and distances 1000 miles 
more. The necessity transmitting large amount power per alter- 
nating-current 1000000 volts evinced, for example, the fact 
that about 000 kv-a. per mile required charge line cycles. These 
figures are given only approximations, the exact figures for any particular 
case depending many conditions. they make apparent the 
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enormous power and size electrical units that are necessary for economicak 
transmission very high voltages, well the energy that must safely 
controlled during short circuit. 

generally desirable operate each line unit with regard 
generator and transformers, and this requires quite large units for 
volt transmission. this voltage, when the power requirement from 
100000 kw., the space limitation the railroads has almost been 
reached for built-up units. higher voltages, transportation built-up 
transformers would not possible, and would also difficult, present, 
obtain material sufficiently large for such transformers. 

The apparatus discussed this paper the transformer, the switch, 
the lightning arrester, the transmission-line conductors, the line insulator, 
and the synchronous condenser. This apparatus will discussed order, 
with regard 220000-volt line. 

transformer which the connecting link between 
the high and the low-voltage systems, has undergone some remarkable changes 
during the last ten years. the kilovolt-ampere capacity system must 
increase rapidly with the the energy expended during short circuit. 
becomes quite large. For 220-kv. system, may 000 kv-a. 

The transformer cores and coils must able withstand mechanically 
the stresses incidental short circuits such systems. These 
stresses may many tons. The necessity high mechanical strength has 
forced the development simple structure with circular coils, which has 
also made better transformer electrically. The uniform stack circular 
coils greatly reduces the abnormal electrical arcing grounds. 

Transformers are tested give factor safety 3.46. When the 
neutral permanently grounded transformer core, the factor 

The bushing which connection made between the under oil-winding 
and the air-insulated line wire important part the transfurmer, and 
designed that will are over the air end before will puncture. 
The voltage the bushing operating frequency three times 
the line voltage dry and twice the line voltage wet. The apparent factor 
safety is, therefore, 5.19 dry and 3.46 wet. The bushing designed 
that its lightning voltage several times the factors already men- 
tioned. The transformer developed well advance the art, and there 
are inherent reasons why cannot built for much higher transmission 
voltages, shown the fact that the transformers used the 
volt test were standard design. 

method connecting transformers the utmost 
importance these high voltages, because the voltage stresses can 
reduced, the reliability the line will increased. connecting the 
transformers and grounding the neutral the core and ground, the 
maximum normal stresses are reduced per cent. case 
are non-grounded system, there are very severe high-frequency 
oscillations which may cause high voltages ground and, the same time, 
turn-to-turn voltages many times more than normal. These stresses are prac- 
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tically eliminated when the neutral grounded, the are then non- 
oscillatory. permanent ground used, only one transformer bushing 
required. This also makes possible transformer construction which 
eliminates most the diffieult points insulate, such creepage over the 
ends the core. 

The non-grounded system may either one line be- 
comes grounded, the normal frequency stresses are increased per cent. 
The resulting arc oscillatory and produces enormous stresses between turns 
the transformer. The turn-to-turn stresses may sometimes equal 
line-to-line voltage. accidental ground occurs, the abnormal voltages 
usually cause break-down another line line-to-line short circuit. 

Telephones are inoperative during the arcing. With the grounded 
neutral systems, there dangerous rise voltage. the short-circuit 
current greatly exceeds the capacity current, the are practically non- 
oscillatory. single-phase short circuit results immediately and relieved 
the relays. 

Neutrals are sometimes grounded through resistance, order limit 
the short-circuit current. the resistance high, the characteristics are 
similar the non-grounded system, and low, the effect intermediate. 

scheme has been proposed recently for grounding the neutral the 
éransformer through reactance adjusted balance reduce the 
capacity current the zero, the idea being suppress the are. This 
may desirable sometimes relatively low-voltage systems. high- 
yoltage systems, difficult make the adjustment within amperes 
close enough suppress the are. case ground one line, the 
corona loss may become very great, and not possible balance this loss 
current reactor. This plan produces, effect, non-grounded sys- 
tem with are suppressor which may may not adjusted sufficiently 
close extinguish the are. Its chief use will probably low-voltage 
systems. 

Y-Y connections without delta are undesirable and dangerous and will 
generally cause telephone trouble. The present practice tending rapidly 
toward grounded The direct grounding the transformer neutral 
necessity for extreme voltages and assumed the discussion for voltages 
220 and more. 

Switches—The main purpose the switch operate under the ab- 
normal conditions short circuit. the very high voltages, the energy 
involved short circuit will great. Switches have been developed 
take care short circuits 1000000 and more. desirable 
keep below these values, however, sectionalizing and the use 
reactance. The switch problem difficult one, because the energy 
involved short circuit. 

voltage applied between the wires trans- 
mission line and gradually point finally reached which 
hissing noise audible, and, darkness, pale glow will seen sur- 


round the wires. considerable loss will noticed, which will increase 


| 
7 
1 
| 


HIGH-VOLTAGE POWER TRANSMISSION 1769 


rapidly with increasing voltage. This the familiar corona. The loss in- 
creases the square the excess voltage above the starting voltage. 

high-voltage transmission, important able predict the 
corona characteristics transmission line. Fortunately, this can done 
accurately. The voltage which corona starts, the loss given voltage, 
ete., under any conditions, can accurately pre-determined. The chief 
affecting corona formation are the diameter the conductor, the 
condition the conductor surface, the spacing, and the barometric pressure. 
Variation conductor diameter has far greater than the spacing. 
The loss increases during storms. 

order prevent loss the higher voltages, conductor large 
diameter necessary. 220 kv., sea level, conductor about 0.95 in. 
diameter required and, ft., the size would about 1.20 in. For 
equal conductivity, aluminum conductor has diameter about 25% 
greater than one copper, and for this reason, aluminum sometimes used 
high voltages. 

very successful conductor used California consists aluminum 
with steel core. the size cable increased, the size the strands 
relative the cable diameter reduced. this may have the effect 
roughening the surface, and when the corona voltage will not increase 
rapidly with increasing diameter for cable for smooth conductor, 
highly desirable develop smooth tubular conductor for the very high 
voltages. 

Conductors stranded various ways have recently been 
given diameter, the maximum voltage obtained from smooth For 
the same diameters, cable usually good for only 85%-of the voltage 
tube. This ratio called the irregularity factor. the 
portance consider this factor carefully high voltages. 

With conductors about in. diameter, the 7-strand cable impracti- 
cable. The larger strands become mutilated manufacture, and the irregu- 
larity factor lower than cables greater number strands. For new 
cables, in. diameter, the irregularity factor was about the same for 
cables 19, 37, and strands and varied from 0.80 0.85; new cables, 
was generally near 0.80. some other types conductors and muti- 
lated cables, was lower. The lowest value obtained was approximately 0.70. 
The irregularity factor probably improves when the points gradually oxidize 
off with weathering. aluminum cable about in. diameter and 
several years operation had factor 0.85 more. The 7-strand cable 
was not good, because the non-uniformity the cable, due the stiff 
strands, and because the stiff strands had become mutilated manufacture. 
important have the individual strands the outer layer free from 
mutilation and evenly placed. Projecting irregularities should always 
avoided. also possible prevent corona loss using for each 
ductor three more wires the same potential placed closely together. The 
relative diameters the two types conductors 220 kv. are, follows, 
tubular conductor, 0.77 in.; 0.95 in. seen that the line conductor 
presents special difficulty 220 kv. Quite satisfactory results can 
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obtained with cables about in. diameter and spaced ft. apart. For 
higher voltages, simply question getting sufficient diameter with 
smooth surface. 

The corona loss starts given point during each half cycle the voltage 
increases, continues over part the half cycle, and, finally, ends given 
point the voltage decreases. varying amount corona and loss thus 
oceurs during given part each voltage wave. The conducting corona, 
effect, makes conductor which periodically varies diameter. The capacity 
and loss, therefore,.vary during parts each wave. follows that sine- 
wave voltage high enough cause corona loss applied conductors, the 
current cannot follow sine wave, but must distorted contain harmonics. 
These harmonics are highly undesirable from the standpoint telephones and 
otherwise, which is, therefore, another good reason for avoiding corona 
transmission lines. 

The Line principal cause the serious insulator failures 
has not generally been mysterious high voltages, but poor material and poor 
mechanical designs units the cemented type. The Hewlett insulator, 
which free from cement and tight-fitting metal parts, has been free from 
these troubles. During recent years, the cemented-type unit has been improved, 

such troubles have been greatly decreased. 

There another problem, however, which becomes importance the 
higher voltages.. When insulators are placed series string, the voltage 
does not divide evenly. very high percentage across the unit nearest the 
line, whereas even distribution would put 10% each unit 10-unit 
string. When there are more than units string, 30% the 
applied voltage will the line unit. evident that this becomes 
great importance the higher voltages; for instance, operating voltage 

This uneven voltage distribution may corrected number ways, 
one which varying the capacities the units along the string pro- 
portion the currents. The spark-over characteristics string graded 
this manner are bad, there tendency cascade. 

The voltage may distributed means the shield which, effect, 
eliminates the ground that all the units the string are the 
same; eliminates corona and directs the away from the string. 
means the shield and standard, well tried insulators, unit stresses 
lines are readily reduced below those present existing successful 
lines. better distribution the surface stresses ‘the individual 
units, the shield also tends increase the spark-over voltage when the string 
becomes dirty. 

Although there considerable room for improvement the line insulator, 
appears that insulator troubles will less than the lower voltage lines. 
seems time develop large unit for use lines more than 220 

The insulator bushing generally selected that the wet and dry 
spark-over voltage normal frequency several times the operating voltage. 
The average ratio the flash-over voltage single string the operating 
voltage and wet. Experience has shown these values necessary 
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order give good operations. interesting that higher “factor 
safety” required the lower voltages. This would expected, all lines 
are subjected the same lightning voltages. From units will 
used lines. The spark-over voltage decreases with barometric 
pressure. 

important discuss the abnormal conditions that occur trans- 
mission lines before deciding lightning protection. 

Abnormal Conditions Transmission abnormal voltages that 
are likely occur transmission lines and need considered connection 
with the insulator and transformers are follows: 


lightning most cases occurs the line induced stroke. 
very steep wave-front voltage travels over the line. one instant 
insulator may subjected normal voltage and less than millionth 
second later the normal voltage plus minus the lightning voltage. The 
lightning characteristics insulator, bushings, and arrester gaps have been 
thoroughly investigated lightning impulse generator which the General 
Company has had for number years the High Voltage 
Engineering Laboratory Pittsfield. This lightning impulse generator 
capable producing voltage waves known shape and duration 
measured micro-seconds. The range this lightning generator has been 
extended from 800 about 1500 kv. The current discharge measured 
hundreds thousands amperes. This far excess lightning strokes 
induced transmission lines and probably approximates voltages lines 
caused direct lightning strokes. the lightning spark-over 
voltage insulator always higher than the 60-cycle, spark-over voltage. 
The lightning spark-over voltage also not affected rain moisture. 
Observations that have been made placing gaps various spacings 
transmission lines show that the danger from lightning decreases rapidly 
with increasing line voltage. general, was found that the voltages were 
steep wave front. Many discharges took place the lower voltage gaps. 
The discharges the higher voltage gaps were less and less until finally 
few were found needle-gap setting for about 200 kv. This, perhaps, 
would correspond about 400 kv. actual volts. direct stroke, course, 
may higher. general, the field tests checked the laboratory tests. 

transients that are importance transmission lines are 
those caused arcing grounds systems with isolated neutrals and those 
caused switching. Such disturbances the General Electric Company 
has been able measure are either the nature surge highly 
damped high-frequency oscillation. Such disturbances sometimes amount 
double-line voltage, but often cause very little rise voltage across the line. 
They may build up, however, high internal values inductive apparatus. 
Fortunately, the grounded neutral system fast replacing the isolated 
system. The power are the grounded neutral system practically non- 
oscillatory. For very long lines high voltage, however, where the capacity 
current may approach value the short circuit current, arcs cause 
oscillations even the grounded neutral system. 


ad 
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can safely stated that undamped high-frequency disturbances 
practically not exist transmission lines. The spark-over voltage for con- 
tinuous high frequency lower than the 60-cycle spark-over voltage. The 
spark-over voltage insulator for any transient disturbance that likely 
occur transmission line, always higher than the 60-cycle spark-over 
voltage. Insulator failures spark-overs may caused excessive voltages, 
weakened insulation, combination the two. Available data 
indicate that the greater number insulator failures have not been due 
primarily excessive voltages “high frequency”, but weakened 
insulation. 


parts the United States having long dry season, dirt collects 
the surfaces the insulators. When this dirt becomes wet with the first 
rain, dew, fog, the surface becomes conducting, and the spark-over occurs 
very low value. somewhat similar placing fuse suddenly across 
the string. trouble may accentuated when there has been mechanical 
deterioration, and part the string has become useless. The proportion 
failures small, because requires combination conditions dirt, 
moisture, etc., establish conducting path sufficiently long cause complete 
spark-over before the dirt burned off washed away. Although 
difficult trace some these failures dirt and moisture, significant 
that such failures not occur where summer rains are frequent. Such rains 
not only tend prevent dust, but also wash away the small quantity that 
collects. The laboratory data given Table are interest connection 


with dirt formation. 
TABLE 


KILOVOLTs. 


Number units 
series. 


Dew clean. Dry dirty. Dew dirty. 


Dry clean. Wet clean. 


537 880 542 537 160 


Laboratory tests not indicate the true wet arc-over wet, dirty 
insulator unless the power supply and testing transformer are large. The 
laboratory results are generally too high. the air around the 
line conductor, due incipient corona other cause, may dismissed 
probable cause mysterious spark-over. Tests made closed box, where 
the ionization was much stronger than would possible the open air, showed 
reduction spark-over voltage. 

Extra High-Voltage the previous discussion, appears that 
transmission 220 kv., somewhat higher, offers difficulty. 220 kv. 
was about realized, seemed desirable that investigation carried 
the extreme, fact beyond any voltage that economic conditions wil! 
probably ever demand. the High-Voltage Engineering Laboratory Pitts- 
field September, 1921, more than 000 000 volts was applied short section 
1000000-volt line. this investigation, tests have been made 
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single-phase, kv. ground, and kv. three-phase. Briefly, 
the investigation, far completed, shows that the laws corona deter- 
mined the lower voltages are followed the higher voltages. The calculated 
sphere-gap curve checks the measured one. The needle-gap spark-over 


obtained extending the lower voltage curve. These data are given graph- 
ically Figs. and 10. 


Drawn Curve Calculated 
Points = Measured Values 


Spacing Centimeters 


Distance Inches 


COMPARISON CALCULATED 
AND MEASURED VISUAL 


100 200 300 400 500 600 700 800 900 
Calculated Visual Corona Point, Kilovolts Effective 


4 6 8 10 12 14 16 18 2 22, 
Number Units Series 
10. 


view this information, interesting discuss the characteristics 
and practical possibilities transmission line regardless 
the fact that present economic conditions not require such line. 
going the extreme, perspective the whole field will obtained. The 
present importance the problem know how predetermine the charac- 
the higher voltage lines, order ready when conditions 
demand them. Only the transformer, the transmission conductor, and the 
insulator need considered. The low-voltage apparatus would not differ 
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from that present use, except for the ability handle, regulate, and 
coutrol the large amount energy necessary make such line economical. 
This the factor that will probably determine the ultimate voltage. The com- 
parison with the line background will interest. 


SPACING, 


inches. centimeters. calculated. observed. 


Diameter, 3.5 in,, 8.9 


109 
181 


The transformer would not differ radically from the present-day trans- 
former standard, circular-coil transformers were used the investigation 
with more than 1000000 volts, single-phase, 1000000 volts ground, and 
000 volts, three-phase. 

The the size the conductor necessary for such line 
interest. sea level and 30-ft. (9.2-m.) spacing, three-phase, conductor 
in. (12.5 em.) diameter necessary kv. 

Therefore: 


000 kv. between lines. 


1000 kv. between lines, the loss is, therefore, zero. 
the voltage increased 10%, the loss is: 
This quite large. examining the equation, will seen that 
peculiarity the very high-voltage line that the corona loss increases rap- 


é 
75.5 192 790 730 
111.5 283 876 
147.5 875 915 915 
183.5 466 990 990 3 
Diameter, 1.75 in., 4.45 
73.7 188 490 490 
109.7 279 538 560 
145.7 370 568 600 
181.7 468 604 675 
370 
880 
415 
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idly with slight increase the voltage above the critical point. This 
the higher voltages, because the loss increases the square the difference 
between two voltages. small increase means large actual voltage increase. 
This well illustrated comparing the loss 1000-kv. line and 
line for 10% increase voltage above the critical value. 
For 
10% increase, 
For line: 
(127 
10% increase, 
Because the large increase loss when the voltage increased, the 
voltage lowered, may desirable operate such lines with 
larger margin between the critical and operating voltage. 


Rain (on the average) lowers the critical voltage 20%; the loss during 
storm, therefore, would be: 


loss almost 1000000 kw. 1000-mile line. For small loss during 
storm, would necessary increase the diameter the conductor 6.5 
in. (16.5 

just given, fairly smooth tube assumed. Other forms 
conductors are possible. For special conductors cables, however, 
well sure that decrease diameter component parts does not more 
than offset the gain the increased total diameter the complete conductor. 
The 60-cycle capacity current such line would 4.15 amperes; the kilovolt- 
amperes per mile would 200 cycles. The line insulator offers the 
most difficult problem. The length the insulator would from ft. 

now given: The conductors would 


APPROXIMATE 

RELATIVE SIZE 

220 kv. AND 
1000 ky. 


length, and spaced least ft. (9.2 m.) 
220 000 VOLTS graphical comparison given 
Fig. 11. 


Assume that the tubular conductors are 


made with shell equivalent 500 000 
cir. mils copper. unity power factor 


per three-phase circuit, 000 000 kw. can 
delivered 1000 miles with 000 000 volts 
both ends the line and efficiency 
per cent. The frequency was taken 
the problem just cited (only for 
illustrative purposes) avoid the complication considering wave trans- 
mission. The charging current load would 1500 amperes, with 


11. 


} 
y 
? 
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1000 kv. the receiver end and 700 kv. the generator end. More complete 
data are given Table and Figs. and 13. The control and harmless dis- 
sipation the energy due accidental short circuit the buses such 


PERCENTAGE, 
ator. ceived. ator. ceived. ator. ceived. ator. ceived. 


Conductor Equivalent 500 000 Cir. Mils, Copper. 


760 946 000 250 000 65.6 100 720 
890 000 000 000 97.2 


Conductor Equivalent 500 000 Cir. Mils, Copper. 


870.0 991 710 000 250 000 68.4 100 667 722 
1052 000 000 980 000 83.3 100 800 1145 
1677.0 000 000 99.99 lag 65.4 635 


careful study the line characteristics becomes 
great importance for long lines and high voltages. 

the present time, good regulation has been effected the use syn- 
chronous motors condensers the end the line. These machines 
can made take leading lagging current will change field 
excitation. leading has boosting effect, the drop full load 
may eliminated making the machine require leading current under load. 
The tendency for the voltage rise load opposed supplying 
current. controlling this current properly, there difficulty keeping 
the receiver voltage practically constant all loads with constant voltage 
the generator. has required synchronous condenser capacity from 
80% the generator capacity accomplish this regulation. well 
point out, however, that considerable part this has been used correct 
the low power factor the load. This excellent method will used the 
two systems already mentioned. 

Generators above certain critical size are necessary starting very long 
lines, otherwise the voltage the sending end will rise high value, even 
when the generators are not excited. This follows because the slight residual 
voltage the generators will cause capacity current flow the line 
which boosts the generator voltage. The current and voltage will continue 
rise value depending the size the generators. desirable 
have the generators large enough that one unit can take care the charging 
current the line. Long lines may started bringing the line and 
synchronous condensers together. 


‘ 

4 

2 

| | | | 

{ 


Single, 60-cycle, high-voltage lines are approaching present length 
300 miles. the length increases new problem presented; the line tends 
become unstable. The length which instability occurs depends the 
frequency and due peculiar resonant condition that occurs critical 
length. The critical length approximately 750 miles cycles and 
miles cycles. brief, this condition due the fact that requires 
time for the electric energy travel over wire. With the distances just 
mentioned, the first wave travels the end the line and back the gen- 
erator time’ add the second wave, and on. These critical distances 
are called the quarter-wave lengths for and cycles, respectively. Insta- 
bility will begin noticed distances considerably less than these. 
load and very low generator voltage, the voltage the far end such line 
would reach high values, being limited, fact, only the losses. 


3000 


1400 


1000 kv. AT RECEIVER—100% POWER FACTOR LOAD,—25 CYCLES 
1 500,000 CIR, MILS, COPPER TUBE CONDUCTOR 6)4IN, DIAMETER 


60 60 1200 600 =Receiver Voltage( between lines 


Fig. 12. 


Total Loss Millions Kilovolts 


possible make use the peculiar characteristics such lines. For 
approximately constant current.is held the generator, prac- 
tically constant voltage results the receiver. Under load, however, the vol- 
tage the middle the line may quite high. -The characteristics are 
shown Fig. double the distance the half-wave line results. Its char- 


1100 
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acteristics are better than the quarter-wave line. both, however, there are 
practical difficulties. The voltage may high intermediate points under 
load and very high values load. Intermediate taps are also difficult 
impossible make. 


Power, Factor 


Amperes 
Kilovolts 


Percentage, Power Factor 


TRANSMISSION LINE 


1000 kv. AND 100% POWER FACTOR RECEIVER CYCLES 


1 500 000 = MILS. TUBULAR CONDUCTOR - en IN. DIAMETER, 


(0 FT. SPACING; LENGTH, 1000 MILES 


100 200 300 400 500 600 700 800 900 1000 
Miles from Generating End 
13. 


The simplicity and flexibility the synchronous condenser regulated line 
are lost quarter and half-wave transmission. This has suggested the exten- 
sion the present system distributing synchronous condensers along the 
line intervals considerably less than the quarter-wave length, and controlling 
the phase relation between voltage and current these points. Each section 
is, effect, independent short line. 

There untried principle this, synchronous machines have been 
used and distributed over power systems for years. The plan has been ad- 
mirably discussed recent paper.* This method holds more promise than 
any the other schemes considered. 

Direct current offers some admirable characteristics for transmission 
great distances, which are worthy mention. The present difficulties come 


“Regulation and Insulation for Large Power Long-Distance Transmission”, 
Baum, Am. Soc. E., Journal the Am. Inst. Elec. Engrs., June, 1921. 
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obtaining high direct-current voltages and, later, stepping down for distribu- 
tion. For given distance air oil, the direct-current voltage required 
cause break-down about 41% higher than the alternating-current voltage. 
The advantage direct current about for solid insulations. 


500 250 


100 400 200 


300 150 


200 100 


Kilovolts 


Percentage, Power Factor 


100 400 200 


300 150 


CHARACTERISTICS QUARTER WAV 
LENGTH LINE 


Bw 220 kv. AND 100% POWER FACTOR AT RECEIVER - 60 CYCLES 
| 500 000 CIR. MILS. CONDUCTOR - 1.0 IN. DIAMETER, 

| 15.0 FT. SPACING: LENGTH =778 MILES 


o 
o 


100 200 300 400 500 600 700 800 
Miles from Generating End 


14. 


may interest mention that, for every alternating-current line, 
there certain critical current unity power factor load where the char- 


acteristics the line are the same for direct-current line. 


Conclusions.— 


maximum voltage used transmission will not imposed 
engineering difficulties insulation, but available supplies energy. 
Although not probable that economic conditions will require 1000 kv. 
for power transmission, the characteristics such system have been dis- 
cussed order get perspective the whole field. Very high voltages ure 
not economical unless the power enormous. 

220 kv. will generally not economical unless the 
power transmitted 000 100 000 kw. per circuit and the distances from 


2 
100 
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150 300 miles more; 1000 kv., economical transmission would prob- 
ably require more than 000 kw. per circuit and distances 1000 miles, 
more. The limitations imposed the large size the apparatus units are 
probably more difficult than those imposed insulation. great problem 
safe control enormous amounts energy during short circuit. 
3.—Considerably higher voltages could used present economic con- 

ditions required it. The transformer has been developed far advance 
the art; the line conductor would offer difficulty; although considerable 
development desirable the line insulator, does not appear have serious 
limitations. 

very long-distance transmission, appears that stability and good 
regulation will secured distributing synchronous condensers inter- 
vals along the line. 


| 
| 
‘ 
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SOCIAL AND ECONOMIC ASPECTS HYDRO-ELECTRIC POWER 


All engineers are firmly convinced the important which hydro- 
electric power playing and will continue play factor human devel- 
opment, that they not take time marshal the facts support this 
statement. effort this, only part, will attempted. 

California writer recently said: 

“What civilization? It’s where you stand street corner and wait for 
ten street cars, four hundred automobiles, fifty motor-cycles, twenty-five bikes, 


dozen motor trucks, few fire engines, the police patrol, hurry-up am- 
bulance, and funeral, pass before you dare make try for the opposite 


corner.” 

that correct definition modern civilization, and indicative 
its benefits mankind, the speaker would not blame Mahatma Gandi for the 
strenuous efforts making, not only prevent the spread Western 
civilization India, but also destroy it, through his policy non-co- 
operation. 

Modern civilization the economic development, transmission 
and distribution, and the intelligent utilization the sources energy for 
the creation wealth. Civilizations have existed the past, and the monu- 
ments remaining India, Egypt, Mexico, Peru, and, later, Greece and 
Rome, bear testimony the ability our predecessors utilize some the 
sources energy for the creation wealth, but also that this energy, largely 
man power, was not economically employed, and the wealth created was not 
intelligently utilized, owing its unequal distribution. 

Consider, briefly, the different kinds energy available for the creation 
wealth. There first the energy exerted directly man, which was the kind 
most general use for the development ancient civilizations. The amount 
developed, shown the accumulated wealth, depended conditions 
food, climate, and soil, and the ability overcome physical obstacles. was 
large Asia, Africa, and America, the seats the most ancient civilizations. 
The wealth created, however, was distributed very unevenly, and human 
energy was often misdirected. 

are told that, two thousand men were occupied for three 
years carrying single stone from Elephantine Sais”, and that, “to build 
one the Pyramids required the labor 360.000 men for twenty years.” 
Surely this does not represent the economic development one the sources 
energy. 

Modern civilization will continue depend, least part, the direct 
utilization human energy, and the amount available will depend the 
population and its physical condition, the latter, turn, being determined 
largely the conditions living. bearing this question future 
available man power the United States, one cannot better than read 


Prof., Civ. Eng., Leland Stanford, Jr., Engr., Stanford University, 


in 
q 
2 


the article* Frederic Howe, entitled, “Has the Westward Tide Peoples 
Come End?” believes that: 

“The result these conditions the restrictions immigration now 
force] may reduction the productive capacity the nation. will 
certai reduce the number persons occupied manual pursuits, and 
especially the elementary pursuits that are now manned the raw material 
from Europe, which for generation, has been cheaper than the building 
machines man’s work.” 


this forecast correct—and Mr. Howe marshals the facts support 
his conclusion—the importance conserving all other sources energy for 
the creation wealth will recognized. 

The speaker stresses here, and his original definition, the creation 
wealth the essential factor the development civilization, because the 
creation wealth implies surplus, and only when there surplus 
wealth—a quantity greater than needed meet the physical needs peoples 
from day day—that there can had that leisure for the development 
the thinking power man which depends both his material well-being and 
spiritual growth. 

The development the other sources energy call, increasing 
measure, for the application human knowledge, order that maximum 
economic development these sources energy may obtained. “We 
simply must have cheaper fuel—cheaper energy all sorts—or every one 
going have harder time making decent living”, says President 
Little, the Institute Chemical Engineers. claims must: 

“(1) Mine and burn coal more economically; (2) use artificial anthracite 
our homes; (3) get more heat out gas; (4) find new and better motor 
fuel; (5) more water power.” 

shows also that there are other untapped sources heat and power 
among which are: 

“(1) The immense energy the sun’s rays; (2) the energy the earth’s 


rotation; (3) the power the rising and falling ocean tides; (4) the steam 
(5) the vast forces stored the atom.” 


Among the sources energy one must distinguish between those the 
utilization which spells destruction the capital energy, and those 
which may said self-renewing. The continuity civilization depends 
the economic utilization and development the latter classes. these, 
the one most developed present the energy obtained from falling water. 
The others depend the growing knowledge and skill making available the 
other potential sources energy. Progress the arts and sciences requires 
time, and should this progress slower than the consumption energy from 
sources which connote the sources energy, civilization would 
not only come standstill, but would also face destruction. because 
the self-renewing energy water that hydro-electric development becomes 
factor such supreme importance for the civilization, not only this country, 
but also other countries where only beginning its use taking place. 

Scribner’s Magazine, September, 1922, 362. 


j 
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The speaker has briefly referred India and the efforts being made there 
arrest the progress modern civilization and turn back type for 
which the claims are made that better and more conducive the happi- 
ness the human race than that now being developed. White Khaddar hand- 
woven cloth, made hand-spun yarn, take the place modern cloth; rail- 
roads, telegraphs, modern methods transportation, disseminating knowledge, 
the productivity the soil, sanitation, increasing the length life, 
and bettering the living conditions the people, are scrapped, for the 
purpose holding civilization that has been static for thousands years— 
civilization type that spells poverty for the many and the degradation 
humanity. This doctrine preached hundreds thousands India, 
man who arrives his preaching Ford motor car! 

However, the prophets modern civilization India, engineers, are 
busily engaged, through the development hydraulic power, bringing about 
change this civilization—a change for the better. The late Mr. Robert 
Batson Joyner, his paper “The Tata Hydro-Electric Power-Supply 
Works, describes the improvement Indian conditions water 
power, follows: 

“The work now described shows that, given head enough, financially 
possible certain favorable places, store water provide power during 
about the year when the rivers are dry, and India should now 
able supply itself with many articles which hitherto have had im- 
ported; because, though much the raw materials grown the country, 
and labor cheap, power from coal much too expensive most parts 
India enable compete with other countries, especially the cost 
ocean freight has been much reduced. The cheap water-power now shown 
producible favorable sites should greatly promote the prosperity 
the country, not only the establishment large factories, but also the 
use the stored water, after giving its power, help ward off famine. 
should also ensure the growth the raw materials required, provide 
transport for these materials to, and for finished products from, the factories, 
produce the fertilizers needed, and supply food and drink well light the 
workers and others.” 

One Ghandi’s cries “Swadeshi”, which might translated, “India for 
the Indians.” This legitimate desire for any nation, and the British 
hydraulic engineers, with the hearty support the much maligned British 
Government, are helping the Indian people toward realization this dream. 


The opposition some the Indian people toward Western civilization, and 


the charges brought against it, however, should cause wonder. One needs 
back farther than 1770, when there was widespread feeling that 
civilization was not all that might be; that civilized man fell short 
the ideal. Mr. Squire, the London Observer, reviewing Pro- 
fessor Tinker’s book, “Nature’s Simple Plan, Phase Radical Thought 
the Mid-Eighteenth Century”, states, “It was very generally held—even 
to-day the dispute familiar one school debating societies—that the 
savage was better off than the civilized man; happier, stronger, more genuinely 
poetical. The noble savage was one ideal.” to-day, the tales the 
South Sea Islands might lead people think that happiness direct pro- 


: 
: 
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portion our ignorance the powers Nature, and our ability utilize 
them for the benefit Man. 

These views are often held those who are benefiting most what the 
engineer has done unlocking the stores energy and making them the 
servants man. Literary scribblers, steam-heated dwellings, with all the 
modern conveniences their call the pressing button, and ignorant 
the high mental development back the button which places these con- 
veniences their disposal, inveigh against modern civilization and its ma- 
terialistic tendencies. They lose sight the fact that the creation 
surplus wealth the utilization Nature’s energy which makes their exist- 
ence possible and has raised them from the condition savages that 
civilized men. 

Another interesting development hydraulic power, which may change 
the conditions civilization that which contemplates the 
utilization the waters the Jordan and other rivers that country for the 
generation and distribution electric power.* The engineer who urging 
this development claims that, regards Palestine, the British mandate, 
although important, less than the hydro-electric development for bring- 
ing about peace and prosperity there. the mandate mean,” says, 
“depends the future hydro-electric power. Make that cheap and acces- 
sible and the mandate can prove itself the economic prosperity will 
bring.” Mr. Rutenberg insists that the evolution the scheme one the 
real ways remove the existing barriers between the Jews and the Arabs. 
“Offer them the chance continuous labor,” says, “let them see the obvious 
economic advantages the scheme, and they will cease debate idle differ- 
ences principle that have substantial reality.” hydro-electric power 
development can successfully wipe out hatred race and creed, claimed 
Mr. Rutenberg, might not desirable push its development wherever 
possible other centers strife? Houille Blanche”, the white coal 
France, utilized, might diminish that country’s longing for the black coal 
the Ruhr, and there are water-power possibilities Ireland, peace might 
even come that distracted country. 

This discussion far has been confined the presentation the economic 
and social aspects hydro-electric power, reference nations with 
civilization differing from our own. The effects such development are likely 
far-reaching and The speaker has merely advanced claim, 
but claim which thinks can substantiated one turns investiga- 
tion what the development hydro-electric power has meant the United 
States. 

Probably man better qualified speak the effect electrical 
engineering modern civilization than Mr. Charles Steinmetz. 
before the Franklin Institute 1914, stated that: 


“The necessities civilized life consist two groups: materials, and 
energy. Our transportation system takes care materials, but can not deal 


article the technical features the proposed development has been published 
Engineering News-Record, July 22d, 1922. 

“Effect Electrical Engineering Modern Industry”, Journal Franklin Inst., Vol. 177 
(1914), 115. 
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with the supply energy, and the failure efficient energy supply has been 
and still the most serious handicap which retards the advance civilization. 
The transportation system could deal with the energy supply only 
indirect manner, the supply materials carriers energy, and when 
our railroads carry coal, not the material which need, but the energy 
which But this energy available only very limited extent, 
heat, and mechanical power big steam units: most the demands 
civilized life could not satisfied it. any country village far away 
from the centers civilization have difficulty have delivered 
any material produced anywhere the world; but even the centers civil- 
ization could not get the energy run sewing-machine drive fan 
without electric power. Thus, just our steam railways and express com- 
panies take care the transportation and distribution materials, civiliza- 
tion requires system transmission and distribution energy *.” 

‘The speaker stated the beginning his paper that civilization depends 
the development, transmission, and distribution energy, and, 
furthermore, called attention the fact that the store such energy 
must not diminished, civilization endure. because the 
fulfillment this last condition, that hydro-electric power plays the important 
does modern civilization. 

The development and utilization hydro-electric energy con- 
ditioned number factors. The cost production, aside from the cost 
construction the plant, function its rate use, thus far the 
development the storage battery has not progressed sufficiently con- 
sidered for the storage electrical energy large 
desirable for the most efficient utilization electrical energy, that there 
created uniform demand load curve. Baum, Am. E., has 
shown interesting paper,* how electric transmission provides the elastic 
medium for exchanging any kind mechanical power any other form 
mechanical power some point the system; and also how the inter-connec- 
tion hundred small plants electric transmission system with 
large power demand, inevitably leads, order obtain economy operation, 
the installation few large units supply the entire system. The inter- 
connection these large power units, turn, will permit economic 
utilization all the power developed, was shown clearly the results 
obtained during the World War, when the people California faced power 
shortage. 

Under modern conditions, electric power has large 
play, not only conserving the energy supply the nation, but increasing 
the amount man-power energy available increasing the food supply. 
All the free land America gone. Intensive cultivation must take the 
place wastefulness production which has characterized American farm- 
ing; but intensive cultivation the absence adequate man power means 
that many things now being done hand must done machines. Then, 
too, there steady disinclination the part the people this country 
ordinary manual work. Electrically operated machines many industries 
will lead substitution for this man power; even domestic science, one 


*“The Economic Value Electric Journal Electricity, Power, and 
Gas, January, 1914. 
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finds the great which the application electricity now playing and will 
continue play, with increasing importance. The housewife, for her domestic 
duties, cannot hire human servant willing electricity, with its constant 
novel adaptation her needs. Electricity solves large measure the vexing 
problem domestic help, and brings about far-reaching change our daily 
life. The servant class, class, likely disappear, and who will say 
that this not social change for the better? 

Not only the food-producing field agriculture and the food-consum- 
ing, energy-producing home, must one look forward added conservation 
human energy. All industry demands the replacement man power 
machinery, and hydro-electric energy being utilized, both conservator 
energy, from other sources, and converter minerals and the con- 
stituents the air into fertilizers and other products for the use man. The 
field application almost limitless, and steadily widens, the intel- 
ligence man, with its constantly developing inventive genius, succeeds 
making not one blade grass grow where none grew before, but many thou- 
sands them, the burden and drudgery mankind for gaining daily living 
will lightened. 

Modern civilization depends the economic development, transmission-and 
distribution, and the intelligent utilization the sources energy for the 
creation wealth. The speaker has stated advisedly, the intelligent utiliza- 
tion the sources energy for the creation wealth, because believes 

that this intelligent utilization carries with the intelligent distribution 
the wealth created. Therefore, believes that the development hydro- 
electric power will help solve this vexing problem. 

conditions living the farm are made more attractive, drudgery 
grows less, and loneliness disappears, the opportunity being owner 
land, and not tenant farmer, becomes greater, the result intelligent 
colonization schemes, such have been carried out Durham and Delhi, 
California, under the wise leadership Elwood Mead, Am. Soc. E.; 
such changes are brought about—and they are made possible largely the 
use hydro-electric energy—the creation wealth furthered; and its 
intelligent distribution accomplished. 

Dr. Mead 


“Two canny Scotch farmers came look over these settlements. One 
them went the back door one the farm laborer’s homes, and the story 
the wife that farm laborer, will his text Scotland. Telling one 
his impressions said, want say, have visited all the agricultural 
countries Europe. have visited great part the world, but going 
home tell our people that the finest thing rural democracy that have 
ever seen, are the farm homes that settlement 


California, least 1500000 are under irrigation water elec- 
trically pumped, and 83% the dwellings are wired for electricity. The 
domestic heating load grows. The use hydro-electric power for industrial 
purposes shows steady increase, and this means that other sources energy 
are being conserved and wealth produced without corresponding loss 


Transactions, Commonwealth Club, November, 
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energy. proves that for that part the United States—and what true 
there holds true elsewhere—the conservation energy made possible the 
use power, tends insure the permanency civilization 
which, although perhaps not ideal, has after all changed the conditions 
living millions people for the better. 

The speaker believes has shown, only imperfectly, that the social 
and economic changes which are taking place, and which the state 
civilization measured, hydraulic power has played important 
and that will play increasingly important one, firmly believes. 
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LOCOMOTIVE LOADINGS FOR RAILWAY BRIDGES 
Discussion* 


mam unquestionably have the advantage over the Cooper loading greater 
simplicity. This advantage, however, would not sufficient justify the 
abandonment loading which has been widely adopted standard. 
Tables and diagrams for the Cooper loading, including those the author for 
equivalent uniform loads, greatly simplify the calculation stresses for that 
loading. 

Examination the elaborate data contained the paper has not convinced 
the writer that the Cooper engine loading less representative actual engines 
than that proposed the author. the contrary, more convinced 
than ever that futile attempt introduce loading which embodies 
any marked improvement over that Cooper. 

Consider, first, the engines alone affecting spans about 120 ft. The 
author’s engine bears greater similarity than does that Cooper any 
the seven heaviest existing engines, not mention the many other heavy 
engines, steam and electric, still use, and those likely evolved the 

The apparent improvement the author’s loading over the Cooper system 
due inconsistent presentation the facts. The author condemns the 
Cooper loading account its discrepancies with existing individual heaviest 
engines, and emphasizes the close agreement between his M-60 loading and the 
composite heaviest existing locomotives. does not disclose the equally 
large discrepancies between the M-60 loading and individual heaviest existing 


1922, Proceedings. 
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engines, nor the equally close agreement between the Cooper loading and the 
composite heaviest existing engines. All these facts are clearly shown the 
two diagrams (Fig. 14), which are self-explanatory. These diagrams also show 
the differences (only for shears and for moments) between 
the M-60 loading and its average equivalent, the Cooper E-72 loading. 


linear foot track 


a 
s 
o 


Span Feet 
Fic. 


Considering the fact that differences between individual existing engines are 
several times larger, and also the many other uncertain factors, such impact, 
wind, secondary stresses, quality materials, which factors, variously 
specified, give, for the same live load, sections differing much 40%, 
these small differences between M-60 and E-72, even they were improvements, 
justify the abandonment established 

Consider the combined engine and uniform The apparent dis- 
crepancy between the Cooper loading and actual engines short and long 
spans not due the Cooper engines, but inconsistent combination 
the engines and the uniform train load behind them. represent the heaviest 
modern engines with train load 000 Ib. per ft., assumed the author, 
and compare equitably with the M-60 loading, the Cooper E-72 engines 
should combined with the uniform train load 6000 Ib. that done 
the apparent discrepancies the Cooper loading and the existing heaviest 
loadings, for short and long spans disappear, may noted Fig. 14. The 
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Cooper curve smooth and follows consistently the curve composite 
heaviest existing loadings the curve the M-60 loading. there any 
guaranty that the weights locomotives and cars will not continue increase 
different rates? that should the case, the author’s loading would become 
inconsistent that Cooper, unless its axle concentrations were also 
changed ratio different from that its uniform train load. impossible 
have ideal loading for all conditions and all times. Loadings must 
changed from time time, but such changes should made with the least 
possible disturbance the generally adopted standard, unless commensurate 
advantages can gained otherwise. 

The writer would recommend the retention the Cooper loading, but would 
leave the variation the engine concentrations and the uniform train load 
suitable, not necessarily the same, ratios the discretion the engineer. 
Such specification would sufficiently elastic cover practically any present 
future loadings. This suggestion not new, different ratio for engine 
concentrations and uniform train load has already been used, notably the 
design the Metropolis Bridge. 

The writer would favor formula for uniform load, except for the fact that 
such formula does not convey the mind conception the loading which 
represents, and which desirable for general comparison with actual engines. 
The author deserves much credit for his elaborate investigation without which 
proper judgment this question would hardly feasible. 


Henry Am. Soo. E—The speaker wishes express 
his appreciation this paper. have the subject presented such detail 
great satisfaction. 

The next question its practical application and introduction. Bridges 
generally, throughout the United States, are rated the Cooper system; 
all the records are that basis, and make such radical change would 
hardly seem justifiable. The speaker decided, therefore, propose double 
providing for multiple either the E-10 the M-10 load- 
ing, whichever may preferred the designing engineer. 

believed that future heavy bridges will designed for the M-loading. 
will not difficult alter the classified records the railroads the 
engineer desires, tables are furnished for that purpose. Mr. Steinman 
congratulated the results his studies. 


live loading for railroad bridges becoming more and more apparent. Every 
one who has investigated the stress-producing effects actual modern engine 
loads existing bridges that were designed for the Cooper loading, must 
impressed with the lack uniformity stress throughout the various parts 
the structure. This has resulted wasted metal some parts and in- 
sufficient section others, the differences assuming magnitude beyond the 

Engr., New York City. 


Proceedings, Am. Soc. April, 1922, 948. 


Engr., Div. Bridges and Grade Crossings, State Board Public Utility Commrs., 
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E-50 class, which makes imperative some changes specifications 
fit modern practice. 

evident that train loads and locomotive loads not vary the same 
ratio. Train loads general use are fairly well fixed, owing the inter- 
change that comparatively unimportant branch lines 
ondary railroads, with light motive power, will subjected the same train 
loading the main lines with their heavy power. present, train loads 
not exceed 000 per lin. ft. single track, except few instances which 
will not affect the conclusions reached. Furthermore, the present design 
cars must changed radically, order increase this train loading, 
that seems this uniform load would represent maximum train loading 
for indefinite period. 

Locomotive loadings vary greatly different roads and the several 
sections the same road, and necessarily for economic reasons. There- 
fore, inconsistent that locomotive and train loads should considered 
vary proportionately. Mr. Steinman has gone long way toward adjusting 
this incongruity. has also produced simple specification requiring 
minimum amount work computation. 

Good bridges can designed for uniform load plus spot loads, sug- 
gested Mr. Steinman’s second series. This method not new, but has 
been presented this paper more comprehensively than ever before. The 
selection and spacing spot loads can adjusted suit the loading require- 
ments various railroads, resulting more economical bridges. From its 
simplicity and its adaptability various conditions, the second loading method 
especially attractive. 

Mr. Steinman deserves the gratitude the Profession for presenting this 


his paper. 


his paper; but bridge engineers are more congratulated his having 
presented them this paper the results his studies. 

1882, under the direction the late Samuel Tinkham, Am. Soc. 
E., the New York and New England Railroad Company adopted bridge 
specifications with live load headed consolidation locomotive—a new 
type that time—with driving wheel load lb. per axle, 
lb. total weight the drivers. short time afterward, Mr. Tinkham 
thought advisable increase the engine load 000 per driving axle, 
100 000 all the drivers. 

When noted that one the engines mentioned the author has 
load Ib. the drivers, and another has axle load 
amusing one who remembers the criticisms that were made the time 
Mr. Tinkham and the New York and New England Railroad Company saw 
per axle and 100000 total driver load. that time, many railroad men 
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said that such heavy engine would never built; and the New York and 
New England Railroad Company was not very prosperous those days, 
seemed somewhat ridiculous them that such poverty-stricken railroad, 
should use such heavy loads. Within three years that road had engines 
use heavier than those that had been considered excessive. The changes 
the future cannot always foreseen. There have been periods when the 
weights locomotives have increased, and these periods have been followed 
slackening off the rate increase locomotive loads, during which 
the weights cars have been increased, when the large high-sided coal cars 
came into use, until now equivalent 6000 lb. per ft. commonly 
accepted train load. 
few years after Mr. Tinkham left the New York and New England 
Railroad Company, serious accident occurred near Boston, Mass.—Bussey 
Bridge collapsed under the weight train. This accident caused inves- 
tigation made the company the condition and capacity its 
bridges, and the speaker was appointed that task. first studied the various 
engines used the road, especially the heaviest each type; there were 
solidation engines, Moguls, and the American type with only two driving 
axles. was found that bridges carrying all these engines, the maximum 
stresses different members was caused different types engines; that 
is, one member might receive its maximum stress from consolidation engine, 
whereas some other member would stressed more Mogul Ameri- 
can engine. some cases member would receive its maximum stress 
lighter, but more compact, engine, than from the heavier, but longer, 
engine the same type. would have been quite task make 
for all the bridges for all these locomotives; therefore, after some study, 
was decided use load for this investigation, uniform load 
per lin. ft., which was the recognized heavy. train load that time, 
with excess load 3000 lb. per lin. for length ft. For the 
purpose comparing the effect the different locomotives, tables were pre- 
pared, that gave, for different lengths span and different positions the 
span, moments and shears various heavy locomotives that were 
used different parts the road, compared with the basic loading 
4000 lb. per lin. ft., with excess load 3000 per ft. for length 
ft. This loading was adopted also the standard for the design new 
bridges the road until the New York and New England Railroad Company 
was absorbed the New York, New Haven, and Hartford Railroad Company. 
serious thought connection with the model loading which Mr. Steinman 
has suggested, that although the heaviest locomotives may not run the 
minor branch lines, there may short trains heavy cars hauled 
locomotive those lines. Instead increasing, was suggested, from the 
M-60 the M-75 the M-90 loading, might advisable take cogni- 
zance the fact that, the branch lines, light locomotives may haul trains 
made cars heavy those the main lines with their longer trains 
and heavier locomotives. This matter should receive careful consideration. 


7 
q 
é 
i 
{ 
t 
| 
a 
| 
a 
‘ 


1794 DISCUSSION: LOCOMOTIVE LOADINGS FOR RAILWAY BRIDGES [Papers. 


generation the Cooper loadings have represented American engineers the 
accepted medium for determining and recording the carrying capacities 
bridges. careful perusal Mr. Steinman’s paper indicates that 
primarily attack the Cooper system loading. Certain particularly 
heavy engines actual use have been selected, and attempt has been made 
develop loading represent the composite these engines. The actual 
engines selected are extreme, and are used special localities for special 
purposes. 

Why such special engine loading M-60 should followed train 
load Ib. per lin. ft. not apparent. special engines were selected 
for study and comparison, there reason why similar cars should not like- 
wise have been selected. Cars are use American railroads, that average 
300 Ib. per lin. ft. track, and others have been proposed more than 500 
per lin. ft. The Cooper loading provides for increase the following train 
load and thus tends bring the average train load that the engine 
load. The M-60 loading perpetuates material difference the effect the 
engine and the train load bridge structures. 

The author states that “since the days the E-40 loading, the axle con- 


~ 


centrations have increased 100%, whereas the weight train load per linear 


foot has increased barely per cent.” 

would seem that such statement open question. Although, 
the engine axle concentrations have increased 100% the weight the train 
load per linear foot has increased about the same proportion; certainly 
years ago, cars having capacities and tons were common; to-day, cars 
with and tons are general use, and many cars with 
100, 110, and 120 tons are operation and proposed for 
general use. 

Again, the author states that “it [the new loading] should from 
50% heavier than the average present Just what meant this 
statement not readily discerned. The engines investigated the author have 
effect bridge structures approximately equivalent Cooper’s E-73, which 
equivalent the M-60 loading, with the exception that the author’s loading 
provides for train load 6000 lb. per lin. ft., whereas the Cooper loading 
provides for train load 300 per lin. ft., which more nearly approximates 
present-day equipment and rolling stock. 

The simplified loading and the load formula are essentially M-60 loading. 
Each these forms merely return the old and, perhaps, original idea 
loading used order make for ease calculation. Such 
loading has basis fact, and simply prepared with the idea making 
produce stresses bridge structures approximately equivalent the motive 
power and rolling stock use, or, this case, approximately equivalent 
the proposed typical engine designated “M-60”. There does not seem 
any valid reason for the use such so-called “simplified” form loading, 


and when typical loading for the design and re-calculation the rating 


Received the Secretary, September 7th, 1922. 
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bridges service determined, complete set moment, shear, and floor- 
beam reaction tables may prepared. Such tables for the Cooper loadings 
have been use for many years and simplify the calculations; certainly, 
much the proposed simplified loading the load formula. 

will shown that the loading proposed Mr. Steinman does not vary 
appreciably from the Cooper system loading, and that the Cooper system 
represents the actual loads service more nearly than the proposed M-60 
loading. 

Table given the moments and shears for span lengths varying from 
ft. The equivalent uniform load shown for the E-60 and the M-60 
loadings and also the actual E-rating for M-60 and the E-rating for M-60 
given Mr. Steinman. The E-ratings given the paper differ from those 
computed the writer. For moments, with the span lengths shown, this 
difference ranges from 0.6% 14.2%, with average 3.1%, and for shears 
from 2.4 74% for span lengths varying from ft., with average 
5.25 per cent. would seem that this constitutes rather remarkable 
variation where effort made supersede the existing Cooper loadings. 


TABLE 10.—ComparativE AND SHEARS. 


MoMENTS SHEARS 
20 6190 7125 69.1 73 5.6 7 500 8 815 70.5 74.0 5.0 20 
30 5 47% 7 000 16.7 74 3.8 6 300 7915 75.5 73.0 3.3 30 
050 000 74.1 1.5 660 650 71.0 2.4 
100 865 880 75.0 2.7 160 68.9 69.0 100 
120 845 4615 72.1 920 68.0 68.0 120 
140 8790 70.0 69. 1.4 200 67.4 67.0 140 
160 200 67.6 0.6 4100 555 66.7 67.0 160 
180 640 1.0 4415 66.2 66.0 180 
250 545 3.0 765 4075 64.9 65.0 250 


two Cooper’s E-60 engines, followed 6000 per ft., two 
axle loads, ft., center center. 


Proceedings, Am. Soc. E., May, 1922, 1050. 


The statement has been made that “the proposed loading has much recom- 
mend it, particularly applied design. more nearly represents future 
developments train load expected this country, and insures more 
uniform design bridges.” 

doubtful whether such the fact. The M-60 loading approximates the 
heaviest engines now use, but followed train load 6000 per 
lin. ft. track, which does not represent present-day maximum train loads. 
There is, therefore, too great disparity between the engine and the following 
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load the the M-60 loading. This disparity does not exist with the 
Cooper loading, when M-60 and the present loadings are compared 
with E-73. 

Fig. shows moments and shears for existing heavy engines and the three 
forms the author’s proposed loading comparison with Cooper’s E-73. The 
stress-producing effects the heavy locomotives approach Cooper’s E-73 for the 
longer spans the following train load increased. may also noted that 
the actual engines are represented more nearly the Cooper E-73 than the 
M-60 loading. For moments, the variation the actual heavy locomotives 
from E-73 from 13%, whereas for M-60, the variation from 
per For shears, the the actual engines from 12%, 
whereas for the M-60, from per cent. 


Percentage E-73 Loading 


| 


Span Feet 
15. 


The has also been made: 


“In view the present universal use Cooper’s loading, may well 
the classification old structures, spite some the short- 
comings pointed out Mr. Steinman, but there clearly need for something 
other than the short Consolidation locomotives the Cooper series when 
comes proportioning the parts new bridge.” 

Evidently, proposed use one method system for the design new 
structures, and continue use different system for the rating existing 
structures and for the determination their carrying capacity. would 
require structure re-calculated for the other system. The bridges now 
service cannot re-caleulated for new system loading. The work 
involved too great, and engineers charge railroad bridges have not the 
time change the records. Statistics indicate that there are about 250 000 
use American Presumably, complete records and 
ealculations for bridges exist. 


100 | TONG = Cooper’s E-73 Lo: g 
O Steiman’s|three Heaviest) Locomotives 
110 = ‘Loading-Formula 
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study the length bridge spans, more than railroad bridges 
have been classified, this study being representative general bridge conditions 
the United States. Exclusive timber trestles, was found that 
bridges might classified span follows: 


apparent from the tabulation that the plate the 
most prevalent type bridge. excess 120 ft, are relatively few, and, 
undoubtedly, the few bridges that exceed 300 ft. length, when designed and 
built, are the subject special consideration. The 1920 ‘A. Specifica- 
tions for Steel Railway Bridges treats spans 300 ft. length. view 
the classification bridges mentioned previously, this discussion 
limited the consideration spans less than 300 ft. Fig. shows 
spans from 120 ft., there practically variation between the Cooper 
series loadings, the engines use, and the author’s proposed leadings— 


considered, but also the vast number existing structures use, for which 
elaborate records are maintained order that motive power may 
secure the maximum. benefits, considering the carrying 
capacity the structures. 

author’s study appreciated, particularly has the effect ‘of 
ing attention the question the load used the design.of railroad 
bridges. Except for the advantage derived from such not 


felt that convincing argument for discarding the Cooper system has been 
developed. 


plimented for his valuable contribution this subject, which, the writer’s 
opinion, constitutes strong argument favor retaining the Cooper sys- 
tem loading, with possibly modification the uniform load the 
series wheel loads. 

Many diagrams are shown, which will great value for 
the the most illuminating data are those given Table showing 
equivalent Cooper ratings for various spans the proposed composite 
railroad bridges have span lengths less than 100 
loading such spans are equivalent Cooper’s E-73 for spans 
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Even for spans 160 ft., the variation only 7%, and this because 
Mr. Steinman uses uniform load 000 lb. per lin. ft. for his M-60 loading, 
whereas the Cooper E-73 would carry with uniform load 300 per lin: 
ft. Should the Cooper loading modified the extent using 6000 
which would necessary obtain correct comparison with Mr. Steinman’s 
M-60 loading, the agreement between the two would still more striking, 
this would raise the equivalent E-ratings for the longer span lengths. Also, 
for shear, the agreement nearly close, the Cooper loading giving slightly 
higher shear stresses. 

The author takes span 140 ft. example show the deficiencies 
the Cooper loading. shows that, the members such span, the 
Cooper loading would give stresses varying much 37% from those 
produced the N-1-S engines the Pennsylvania Railroad Company. Such 
variations will always found, some greater, some less, where actual loco- 
motives are compared with conventional set wheel loads, whether such 
loadings are the Cooper the proposed M-60 loading. 

The Cooper E-loading was adopted for the 1920 Specifica- 
tions for Steel Railway Bridges, after thorough discussion and consideration. 
Some the reasons favor the retention this loading have been given 
paper* Mr. Bouton and the writer. 

The writer can see nothing practical value gained and much 
lost changing from the Cooper the proposed M-60 loading, any 
other loading yet devised. 


valuable contribution the science structural design and should 
promote economy, adequacy, and consistency the design railway bridges. 
Although the Cooper loadings were boon structural engineering one 
sense, they have been detriment another, inasmuch they have caused 
the Profession satisfied with good device not seek better one. 

The writer classifying many existing railroad bridges according 
the Cooper loadings has observed the inconsistency design required that 
system. Mr. Steinman’s statement that error 37% results from 
expressing modern loadings terms the Cooper engines does not indicate 
the seriousness the lack balance most designs, for find structure 
the chords which would class E-50 and the web floor which would 
class about E-25 common, notwithstanding that the structure fairly 
satisfactory actual requirements. 

The consolidation type locomotive will probably never again the pre- 
vailing type and, therefore, represents, its close concentration load, 
system loadings different from those which railway bridges will sub- 
jected. Hence, there seems little excuse for continuing the inconsistent 
designs which result from this antiquated conventional loading. fact, 
long continued, will common practice remove old bridges 
because some the main members and details are inadequate, while much 

Ry. Eng. Assoc. Bulletin No, 219, September, 1919. 


Univ. Illinois, Urbana, 
Received the Secretary, September 11th, 1922. 
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the structure amply strong carry the heavier loads which sub- 
jected. 

The Cooper system loading has demonstrated the advantages con- 
ventional system wheel loads basis design for railway bridges, and 
probably the present need revision the system rather than radical 
departure the type loading. 

The results obtained the Special Committee Stresses Railroad 
Track reveal the effect wheel concentrations new light and seem call 
for accentuating this effect rather than minifying its importance the 
equivalent uniform loads. Unless locomotive equalizers can improved, 
might desirable break the uniformity axle loads and ascribe addi- 
tioual load the main driving axle. the writer’s opinion, economy 
design will hindered rather than enhanced the adoption such 
equivalent uniform load that which the author proposes. 

doubtful, however, whether single system wheel concentrations can 
adopted, which will meet the varying needs. Cantilever structures for car- 
rying locomotives need designed frequently, for which close concentrations 
wheel loads lead grossly inaccurate results; therefore, the needs seem 
require several different types wheel concentrations, applied 
according the anticipated development locomotives demanded the 
topography and traffic conditions the contiguous districts. One these 
types certainly should similar that represented the author’s M-series, 
and the other extreme should one about two three concentrations, 
represented the type locomotive, used especially for short 
spans, whereas the intermediate type similar the Cooper 
engines. The development locomotives recent years has shown the 
Mallet locomotive the logical type for heavy loads and steep grades, hence, 
the design structures such roads should predicated locomotive 
loading this type. The demands topography and traffic far 
they affect locomotive types can predicted with fair degree reliability 
and bridges should designed accordingly. 

Attention should called the desirability considering the entire 
problem loads and stresses together rather than separately. The question 
loadings used not more than half the case, for many the present 
and past inconsistent unbalanced designs are due illogical selections 
unit stresses quite much illogical schemes loading. one 
knows that per sq. in. does not represent the limiting safe working 
stress steel direct tension. There little uncertainty about the strength 
materials; the uncertainty lies the loads which the structure sub- 
jected. The logic the situation, therefore, would demand that the factor 
safety inserted the loadings rather than the unit stresses. This arrange- 
ment would make consistent design between dead and live load, which 
not obtainable under most existing specifications. Indeed, this illogical 
situation permeates nearly all structural steel design—buildings well 
bridges. Specifications governing reinforced concrete design are decidedly 
advance those for steel this respect. 

Mr. Steinman has opened important question and has made valuable 
contribution, but the writer would urge that the entire question loads and 
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stresses considered together, because simple change from the E-series 
M-series not likely afford permanent improvement. When custom 
device has become ingrained the education engineers through years 
the Cooper loading, considerable professional inertia 
expected when improvement proposed. hoped, however, that 
the author’s valuable contribution will lead the introduction 
loadings and stresses that will yield more consistent and economical design 


for railway bridges. 


JONATHAN JONES,* Am. Soc. (by following assump- 
tions underlie the author’s method: 


(1).—On any important railroad, the structures should,be designed for the 
typical rolling stock that any other railroad, with consistent factor 
safety, rather than for the typical rolling stock the home road, with con- 
sistent factor safety, but subject certain over-stresses from rolling stock 
other types. 

(2).—As locomotive weights increase hereafter, they are likely increase 
the retention types and wheel-spacings, with proportionate in- 
crease each wheel load. 

(3).—There advantage derived from having uniform loading 
specification throughout the country. 


these assumptions hold, the author’s work searching and instructive 
that becomes authoritative, and his deserve put into 
force. 

These were Cooper’s assumptions also, and ‘that they have not generally 
held indicated the number railroads which use something other than 
the Cooper loadings, also the discrepancies, pointed out the author, be- 
tween the heavy Cooper system and present-day developments. 

Are the assumptions to-day, then, better than former writer 
hopes that they will thoroughly discussed mechanical engineers; 
certainly, the whole matter must referred the American Railway 
Engineering Association before these assumptions can disposed of. 

Regarding Assumption (1), the only negative argument was the present- 
day railroad ownership, management, and design, one could 
foresee these distinctions breaking down, and rolling ‘stock traveling 
promiscuously did during the World War. locomotive types 
are there not and, therefore, groups railroads, which always will 
well served one type and poorly another; that extra metal was 
placed certain truss member accommodate this latter type the normal 
unit stress, money would have been spent, that might well have been saved. 

Regarding Assumption (2), will the development electric traction in- 
Or, the present types remain the normal types, will they grow 
proportionate increase weight, must not the wheel-bases increase? Will 
weight per foot train, increase proportion weights? 


Res. Mer., McClintic-Marshall Products 
Received September 13th, 1922. 
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seems the writer that before any given railroad, well satisfied with the 
correspondence between its present designing stresses and the author’s M-50, 
should specify M-50 plus allowance for 50% overload, might properly 
assume its present locomotive type, expanded both weight and dimen- 
sions, and compare the future stresses, thus with M-75 before 
accepting the latter. 

With Assumption (3), the writer accord. Each step 
from the preliminary estimate the finished details would simplified, 
cheapened, and increased accuracy through the building standards 
comparison, more railroads would yield their special loadings and agree 
common standard. Therefore, the writer hopes that, even though the 
permanency new standard adopted to-day, may voted dubious, one may 
adopted, only second step toward the ultimate—provided, that there 
persisting for, say, two decades more. 

For the purposes such transition, wheel-load diagram would the 
least. radical and the most acceptable. regrettable that the proposed 
type differs from any existing type the change driver spacing and driver 
weight the two groups. This will make difficult “sell” the type 
literal ‘minded executives whose reactions will that like neither their 
own engines nor those any other railroad, and, therefore, cannot reason- 
able. The logical answer this found the author’s derivation the 
type. Besides the advantages listed the author, diagram 
advantage, transition step, that picture which invites review 
mechanical developments come. The excess concentrations, the formula 
proposed, once adopted, lose all significance, except that they get certain 
mathematical result, They are stopping, not starting, points the reasoning, 
and until engineers are agreed that the starting point beyond further re- 
vision, they should not bury formula, but keep out where everybody 
look it. This latter refers the choice for publishing specifica- 
tion. The designer, however, would probably forget the wheel-load picture, 
paste Fig. Plate XVII+ his handbook, and perhaps memorize 
Formula for emergencies, feeling more than little grateful the author 
for precious hours computation saved him thereafter. 


deserves the thanks the Profession for the study has given this subject. 

The Cooper system loadings does not fit present-day conditions, and this 
divergence likely increased future developments engine and train 
loadings. However, the Cooper system general use, and, before making 
change, would well take all possible measures order that the changed 
loading will meet the developments the next thirty years well the 
Cooper loading has done the past. thorough study present and 

Proceedings, Am. Soc. E., May, 1922, 1053. 

Loc. cit., 1065. 
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probable future developments motive power and equipment design should 
made the proper committees the Society and the American Railway 
Engineering Association. 

considering the engines selected the author basis for his 
posite loading”, the following suggestions are offered: 


1—One the locomotives shown was built for pusher service and moves 
only over limited part the owning railroad. Others were built for roads 
having peculiar operating conditions. question whether such loco- 
motives are likely come into general use. 

2.—Engine No. probably somewhat ahead its time, considering 
present trend locomotive loadings. The writer believes that the “composite 
loading” does not provide for short spans should and suggests adding 
hypothetical engine the Pacific type with axle loads about 84000 Ib. 
drivers. This would necessitate modifying the M-loading specifying 
alternate loading that would govern for short spans. 

3.—Although the uniform load 000 Ib. may represent present-day con- 
ditions, the writer believes that not enough keeping with the 
locomotives shown. There probably more chance for large increase the 
train load than the engine load. The writer would suggest increase 
about 10% the train load the proposed M-loading. 

Considering the three alternate solutions proposed-by the author, the writer 
prefers the continued use the wheel loads. The saving labor the 
“simplified” methods slight. the use tables and diagrams, the calcula- 
tion live load stresses easy task. simple matter prepare 
influence lines for any structure and then use the values given Plate 
Having set concentrated loads mind, one less likely err when 
necessary give hurried ruling the acceptance refusal heavy 
shipment. 

The divergence between the “simplified” loadings and the “composite load- 
ings” are nearly great between the composite loadings and the Cooper 
E-65. The writer fails see any valid argument favor their use. Instead 
designing for the M-60 loading with provision for 25% overload, the 
writer suggests designing directly for M-75, both for simplicity and economy. 
For economy metal, desirable that all members should reach their limit 
under the same load, and the logical method securing this result de- 
signing for ultimate load. 


serves the thanks the Society and the Profession for his valuable contribution 
engine loadings. The writer recalls the unnecessary labor due the great 
variation loads, not only specified different roads, but also adopted 
individual roads. When began working for bridge company about 
thirty-six years ago, the entire design bridges was the transition period. 
Not only did each railroad have its own engine diagrams, but also had its 
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own peculiarity design. Designs were different that glance would 
enable one tell the railroad for which shop plan was being made. The 
same applied the bridge companies, one would know, most cases, 
seeing completed bridge, what company had built it. 

the intervening years, however, the railroads and the bridge companies 
have adopted the best and have discarded the poorer features, that there 
now much more uniformity. Probably single feature has changed more 
than the engine and train loads. The efforts each railroad design its 
bridges close possible one two types engines, has, many cases, 
been false economy. 

Mr. Steinman’s valuable paper causes the adoption few standard 
engine load diagrams much mechanical labor estimating will saved, 
result will probably fewer errors, more uniformity design, and 
much less likelihood frequent replacement. 

engineers, other officials, and even owners railroads are changed 
often, and the same freight transfers from one road another, seems 
absurd have such infinite variety engine loads adopted, only 
superseded others few years. 

The late Theodore Cooper, Am. Soc. E., was probably the first 
devise engine diagram which was generally adopted. The highway bridge 
companies often simplified matters specifying uniform load, plus 
concentrated load, which saved much labor. 

The writer hopes that Mr. Steinman’s paper will result the adoption 
few standard systems loading, which will tabulated for uniform 
load per linear foot, and that these loadings will include long-span bridges for 
highway, combined highway, and railway purposes. 


congratulated for the service has rendered the Engineering Profession 
placing before it, data convincing leave other course open than 
revise the present obsolete locomotive loadings. Much discussion has been 
given, recent years, the alleged inapplicability the Cooper system 
conventional loadings, but most cases this has been desultory and 
general character. The author has established that, for heavy loadings 
class railway systems, the Cooper system inadequate and that the new pro- 
posed system would give safe and logical results. now remains for the rail- 
way systems make the next move. huped that this will not long 
delayed, and that, particular, the American Railway Engineering Associa- 
tion will reconsider its decision abide the Cooper system. 

Caution needed attempting apply the author’s proposed system 
loading railways carrying only moderately heavy traffic. Although his load- 
ings are admirably suited the heavier lines operating with steam locomotives, 
they are not closely applicable average second-class lines which 
existing locomotives, and those likely used for some years come, are 
type distinctly different from those used Mr. Steinman the establish- 
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ment his composite loading. For this reason, may preferable retain 
some railways loading system that more closely approximates the actual 
loadings use than any class the author’s standard loading. The electric 
locomotive becoming important and should considered any system that 
devised used for long time. 

the three types loading proposed, the writer prefers the loading 
formula. each these loadings empirical, there seems good 
reason halt part way the determination stresses bridge structures. 
Rather than adopt loading that conventional, would seem best directly 
adopt stresses that are conventional. There greater offense.in the 
second method than the first. may desirable retain the wheel load- 
ing for investigation special parts structures receiving their maximum 
stresses under short loading, but, most the writer believes distinct 


advantage would derived from proceeding directly the use the loading 
formula. 


Epwarp Am. Soc. (by author’s able 
paper clearly demonstrates that, for the heaviest type locomotive, coupled 
the heaviest loads the Cooper loading does not give con- 
sistent stresses nor economic design. This is, however, not conclusive reason 
for discarding the Cooper standard loading. all bridges could rebuilt, 
the latest modern engine construction. Bridge specifications, however, 
are used largely judge the capacity existing bridges well standard 
which build new ones. Furthermore, perhaps, large mileage the 
railroads the United States will never called carry.the very heavy 
engine loads that are use few the roads. would mean the re- 
building many bridges and even the laying heavier rails enable these 
roads heavy loads. criterion for judging the bridges such 
roads the building new ones, these heavy loads, therefore, are just 
inappropriate the loading roads where the modern heavy 
engines are use: 

woven with railtoad bridge design the Cooper standard loading. using 
two modifications the Cooper standard loading the author’s 
objections can overcome, and can made give results 
nearly equivalent the modern heavy loading practical considerations 
demand. 

One modification use axle loads the pair concentrations 
for stringers short girder spans. .The other modification use train 
than that the class engine the standard. For 
example, E-70 engine followed 6000 Ib. per ft. instead 
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After standard design once established, should adhered with 
little departure. One can believe this and still aware the fact 
that the exact stresses computed may never even closely approximated 
the bridge. The ends safety and stability are served, and this the prin- 
cipal object. The main reason for rigid adherence certain rules 
culating stresses have definite standard design. competitive 
design, this particularly useful, without definite standard, comparisons 
could not made. not necessary, therefore, whether diagram 
loading agrees exactly with the axle loads locomotive, long 
heavy concentrations the diagram practically agree with those used, 
long, fact, the load per foot almost the same. 

The only bridge loading for calculating stresses that can tolerated 
designers either uniform load, system concentrations, combina- 
tion both. introduce new system concentrated loads would place 
great burden designers who are familiar with the Cooper loading and 
have many tables, based it. 

would not wise mask bridge loading formula, proposed 
Mr. Steinman. The general manager the railroad will say, “never mind the 
formula, what kind engine and train loading can run over this 

try interpret the strength old bridge, new one for light 
loads (and such will built for many years come), with respect the 
heavy Mallet type loading, would just awkward interpret 
the strength heavy bridge the use the Cooper loading. 

The Cooper loading standard needed and ean used for many years 


come, and with slight modifications can made suit any 


locomotive loading with all the that actual conditions demand. 


E-loadings and submitted new loading. the writer’s judgment, 
the Cooper loading superior every way that proposed the author. 
The simple statement the paper that the Cooper loading out date does 
not necessarily make so. The author has submitted nothing whatever, except 
this bare statement. 

Before adopting the Cooper E-loading, when making the 
specifications 1920, Committee that organization studied the question 
with extreme care. sub-committee submitted report which showed that 
the moments and shears for the E-series loadings compared with those for all 
the heavy engine loadings. 

the writer’s opinion, not necessary try make ideal 
engine loading which shall consider any way the Mallet type locomotive, 
will not necessary provide for many engines that type. Experi- 
ence has demonstrated that the large Santa type and the Mikado type 
locomotives will give much better net returns service than any the 
Mallet types. This being the case, there need providing especially 
for the Mallet engines. locomotive designing progresses, may neces- 
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sary modify re-construct the E-loadings, but not necessary for the 
present and the immediate future. careful study the report Committee 
the A., submitted with the 1920 specifications that organiza- 
tion, will clearly demonstrate what the writer has stated. 

The E-loadings follow very closely the weights, moments, and shears, 
given the heavy power service, which includes the Mallet type engines. 
This E-loading furnishes unit basis for comparison which has been gen- 
erally adopted. The locomotive loading proposed the author advance 
anything that likely used the Atchison, Topeka and Santa 
Railway for many years come. engine loading that materially 
advance the engines that are being used the time, should not adopted. 

Although the E-loading can criticized many ways, still meets 
present-day requirements very well and much preferred the load- 
ing submitted the author. The M-60 loading does not give any check 
‘the effects the motive power now service. Before this system loading 
generally used, the locomotives must increase materially weight and 
different kind roadbed, together with much heavier rails, will neces- 
sary. The writer favor adhering the E-loadings. This case 
where the cure much worse than the disease. 
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TESTS CONCRETE SEA WATER 


TECHNICAL PAPERS PRESENTED THE ANNUAL CONVENTION, 


Discussion* 


established that concrete contact with sea water undergoes disintegration 
under certain conditions, and the test conducted the Aberthaw Construc- 
tion Company, final report which has been made Mr. Wason,§ has 
done much establish this fact. Opinions seem differ the cause 
this disintegration, but the writer believes that the results the various tests 
and examinations indicate the cause quite definitely. 

has been stated|| that: 

“Hydraulic cement readily decomposed intimately exposed the 
chemical action various sulphate and chloride solutions contained 
saline and alkaline waters, the solutions are sufficient strength, 
The cause this disintegration not certain, though almost uni- 
versally believed that the reaction the sulphate magnesium the sea 
water with the lime the cement (formed during setting).” 

also stated that paper that: most soluble element the 
cement lime,” and that the action more vigorous set cements than 
unset cements because, “in set cements considerable part the lime has 
been already hydrated.” And, further, that “contrary the opinion the 
many, there apparent relation between the chemical composition 
cement and the rapidity with which re-acts with sea water.” 


Continued from September, 1922, Proceedings. 
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The Aberthaw test confirms the statements just mentioned demonstrat- 
ing that the specimen which hydrated lime had been added, showed very 
active disintegration. These findings have been confirmed other investi- 
gators and seem establish the fact that the disintegration concrete 
sea water caused the reaction the sulphate and chloride solutions 
the water with the free lime (formed during setting) present the con- 
crete. Investigation has further disclosed that disintegration occurs prin- 
cipally where the alternately wet and dry, between the high and 
low-water marks. some cases, however, even under these conditions, dis- 
integration does not The question arising then is: concrete con- 
tains lime, which disastrously affected ingredients sea water, why does 
chiefly where the concrete alternately dry, and, 
even then, does not always The answer can summed one 
word—porosity. 

would seem water not sufficiently strong the sulphate and 
chloride solution start this chemical action. If, however, the concrete 
porous, each flushing fills the pores, and each drying out leaves minute 
deposit the salts. This process, repeated indefinitely, eventually produces 
sufficiently concentrated solution the pores produce the chemical reaction 
and accompanying crystallization which disrupts the concrete. This action 
has been found penetrate deep into the concrete—as much ft. 
should clear, then, that can made non-porous, will not 
subject this action solutions and, therefore, will stable 
sea water. 


Standards has investigated the action sea water concrete structures, and 
the report Messrs. Wig and Ferguson this subject has been published 
the Bureau Yards and Docks the Navy which reference 
made the various concrete quay walls the Brooklyn Navy Yard, that 
were built various times during the last thirty Pertinent extracts 
from the report are, follows: 
condition the structures built between 1901 and 1904 striking 
contrast with those built prior this period. these walls 
repaired and, with one exception, the wall berth none 
appreciably deteriorated.” 


“Much the repair work and replacement work which was carried 
subsequent 1912 has deteriorated considerable extent. some cases, 
wall berth 1-a, rebuilt 1913, the work need extensive 
repairs 

* * * * * 
“There are defects ‘in the case the reinforced concrete Piers and 


which the cracking the concrete due the corrosion the embedded 
reinforcement which uncoated and not embedded sufficient 
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The report shows that the structures built during the period, 1901-04, are 
better than any built before since, that Navy Yard. After fifteen years, 
repairs were necessary such structures, whereas, after three years, exten- 
sive repairs were needed quay wall that was rebuilt 1913. appears 
desirable, therefore, examine detail the conditions that provided 
quay wall which repairs were needed after thirteen years, par- 
ticularly the plasticity workability the concrete mixture and the 
workmanship required placing it. 

The materials were ordinary, high-grade aggregate and cement, secured 
about New York City competitive bids. his paper,* Mr. Wason shows 
well the effect too little water concrete for use sea water. Numerous 
laboratory experiments various universities show the great deteriorating 
effects too much water concrete any location. Both too much and 
too little water are dangerous, because when concrete too dry too wet 
more easily mixed than when “just. right”. description what 
right”, determined long experience, the purpose this discussion. 

Messrs. Wig and Ferguson describe the sea-wall concrete being “plastic”. 
That term very good, but, the West, the equivalent term “ankle-deep 
and, the East, the term, “quaking mixture”, used. Neither 
term quite correct for describing physically that quality the 
placed ‘in the Brooklyn Navy Yard 1901-03. This concrete was 
mix that was turned three times the mixing-board, shoveled into wheel- 
barrows, dumped into the forms, and rammed into place. light ramming 
produced jelly-like mass, into which the workmen’s feet would sink from in. 
The mortar facing was 1:2 composition, placed shovel next 
the forms concrete was placed directly back it, thus securing facing 
in. thick integral with the concrete, but.no precision was attempted any 
plane demarcation between the facing and the concrete. The degree 
plasticity the mortar was the same that the concrete. From the fore- 
going, may seen that less ramming was used than would have been nec- 
essary with “quaking” mixture and, therefore, little more water was used; 
also, that appreciably less water was used than the Western “ankle-deep” 
Frequently, the tide rose over the soft concrete within min. 
after had been placed the forms. 

1895, the writer began the mixing “concrete medium” with the dis- 
approval and scorn contractors and foremen. The explanation given then, 
was that certain quantity water was necessary for the properly 
“set”; that less than that quantity would result weaker, more porous 
concrete; and that slight excess water would, heavy ramming which 
was then the practice, force surplus water the surface where would either 
run off evaporate. Although was then considered unsound practice, 
was insisted far better have too much water than too little. 

The first opportunity for mixing concrete “exactly right”, was the 
Brooklyn Navy Yard, March, 1901. This concrete was more 
difficult handle than the dryer mixture and close inspection was necessary 
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secure concrete approximating closely the “exactly right” plasticity, because 
extra labor was required and this causes friction. Nevertheless, results were 
obtained, that proved the great economy repairs which mentioned the 
report the Bureau Standards. 

The writer concurs the conclusions Mr. Wason regarding concrete 
for use sea water. When the moisture freezes and swells, grain sand 
pebble forced out place. Deterioration proceeds slowly mortar 
facing in. thick compared with the rate when the concrete itself exposed 
the freezing and thawing process. 

The Standard Cement Specifications the Navy Department have pro- 
vided ample protection against chemical action. Abrasion from floating ice 
and from wave action certain occur. will progress more rapidly the 
concrete than the mortar facing, because larger particles will removed. 
Mortar facing from low tide high tide should thicker than other parts 
the wall, and some facing should extend the top the wall and across 
the coping, unless stone coping used. 

The record these particular quay walls and recent laboratory tests 
have proved that the quantity water used mixing the greatest impor- 
tance. The kind water little importance; some the walls, fresh 
water was used for mixing, but most them East River water was used. 

Failures some seaside concrete structures and the Boston Navy Yard 
samples show well what not Sloppy concrete and dry concrete are thereby 
proved taboo. This discussion written with the desire assist 
showing what secure the most durable concrete sea water. 
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TENTATIVE SPECIFICATIONS FOR CONCRETE AND 
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SUBMITTED PROGRESS REPORT THE 
JOINT COMMITTEE STANDARD SPECIFICATIONS FOR 
CONCRETE AND REINFORCED CONCRETE 


Discussion* 


Jun. Am. Soc. (by reference Sections 
and 79, the writer desires submit the results 
some experiments the “porosity concrete” performed the University 
Cincinnati during 1920. 

The apparatus consisted two heavy steel plates, through each which 
was 5-in. hole. The two plates could bolted together that the holes 
would alignment. Between the plates was placed concrete specimen, 
in. diameter and in. high, cast sheet-metal mould that one 
circular face the edge the metal projected about in. flat rubber ring 
was placed around the edge the specimen, providing water seal after the 
specimen had been clamped. cap was then screwed into the hole the 
upper plate, which cap was connected pipe closed tank, con- 
taining about gal. water. One face the specimen was subjected 
water, under pressure, admitting compressed air into the tank. had 
been planned maintain sufficient pressure force water through the in. 
but few tests showed this impractical. The specimens 
were stored water for days before testing. 

The figures given Table are reproduced from some notes taken 
the writer from the students’ reports, and are merely summary. The two 
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sets tests were performed independently, different aggregates being used, 
the cement being the same kind each set covers ten different 
weter-proofing methods. The specimen was weighed soon was removed 
from the water bath (and its surfaces blotted), and then subjected water 
under pressure per sq. in. for hours. After blotting again, the 
weight was taken the weight water absorbed. The 
weighed about 300 grammes. 


Set Set 
Bank SAND AND GRAVEL.| SAND AND GRAVEL. 


Grammes water absorbed. 


Thick application lye soap. 
Oil. 10% the normal water. 
None. Wet mix; cement came 
surface. 
concrete. 


Although the writer claims great accuracy for these tests, the agreement 
between the two sets permits some conclusions drawn. Undoubtedly, 
the best water-proofing material neat cement surface. All the materials 
used were beneficial, reducing the quantity water absorbed. The wet mix 
caused the cement thin surface layer; this was true only because 
the was cast thé same position was used. The. thick 
applications soap and alum acted trying force 
water through specimen, untreated mix (Test No. was left under 
préssure more than per sq. in. for hours, without any 
water appearing the lower surface. 


the Joint Standard for Concrete and Reinforced 
Concrete recognizes more fully than did the former Joint Committee 
the strength spiraled columns and the weakness columns reinforced with 
widely spaced ties. The correctness this principle will ‘generally 
the previous Joint Committee report, but when given 
the takes new form which different from all the many 
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with this the provision that the spiral 
reinforcement shall not less amount than one-fourth the volume 
the longitudinal reinforcement. The formula provides that, the percentages 
longitudinal and spiral reinforcement increase, the allowable unit stress 
shall increase, but does not provide for increase unit stress when the 

Tests not indicate that this increase allowable unit stress justified 
the presence more longitudinal reinforcement. The increased strength 
must due the heavier spiral, yet the proposed formula the unit stress 
function the percentage longitudinal reinforcement only. For the 
assumed ratio spiral longitudinal steel, the values given the proposed 
formula may satisfactory, but unless can demonstrated that all 
cases the amount spiral reinforcement should one-fourth the longi- 
tudinal steel, the formula not complete and should not accepted final. 

designing reinforced concrete structure, generally advantageous 
keep the size the columns uniform possible and vary the reinforce- 
ment with the load such with uniform column 
size, not desirable vary the spiral with each variation the vertical 
and the proposed formula obviously not suited for use 
the constant and the vertical steel varies. The formula should 
spiral and vary the amount vertical steel. 

The other point which the writer wishes emphasize, that, given, 
the formula requires unnecessary labor for its application. increase 
economy efficiency the structure being designed will justify much addi- 
tional lebor, but this case substantially the same results can obtained 
much more easily. 


When the constants for are substituted the proposed 
formula, reduces the following: 


involving both the first and second powers the percentage longitudinal 
steel. ‘The straight-line formula 


(n—1) 
can made correspond very closely with the proposed formula, the proper 


values the constants are chosen. For concrete, this corresponding 
straight-line formula reduces to: 


The results given the quadratic and the straight-line formulas are 
nearly alike that would absurd state that the present knowledge the 
strength reinforced concrete columns could justify the use the more 
involved formula instead the simpler one. fact, when the formulas are 
plotted together, the straight-line formula might seem the more logical, 
because does not seem proper that given increment vertical reinforce- 
should produce greater increase strength column with 
vertical stee! than will one with less reinforcement. 
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view these facts, the writer would strongly recommend the adoption, 
possible, straight-line formula similar that given the former Joint 
Committee report.* can made agree with the results tests 
closely any other form. designing large number columns for 
building, the first considerations are the size the columns and the con- 
tinuity the vertical reinforcing bars. Whatever its derivation may be, 
the formula, therefore, should reduce the form: 


which the constants, and may made depend the strength 
the concrete and the amount spiral reinforcement. The strength 
the concrete and the amount spiral reinforcement will then assumed 
advance the design the columns, and the actual spirals can selected 
after the longitudinal steel selected. 
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which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


WILLIAM HASELL WILSON, Hon. Soc. E.* 


1902. 


William Hasell Wilson, the son John and Eliza (Gibbes) Wilson, was 
born Charleston, C., November 5th, 1811. His grandfather was 
Engineer and served British officer during the Revolutionary War. His 
father was also Engineer and Surveyor, and served the United States 
Engineer Officer during the War 1812. interesting note that Mr. 
Wilson’s grandfather planned the British attack Charleston, C., and 
Savannah, Ga., during the Revoluticnary War, while his father planned the 
American defense those cities the War 1812. 

Mr. Wilson received his education Charleston, C., Morristown, 
and Philadelphia, Pa., where entered the High School the Franklin In- 
June, 1827, joined Engineer Corps which his father had 
organized under the direction the State Pennsylvania, for canal and 
railroad surveys through Chester and. Lancaster Counties. When this work 
was completed, continued his studies, concentrating drawing and 
mathematics. 

March, 1828, Wilson was employed Rodman with corps 
engineers engaged locating the Philadelphia and Columbia Railroad. 
1829, became Assistant Engineer charge the construction twenty 
miles road the Eastern Section, and held that position April, 1831, 
when was promoted that Principal Assistant Engineer charge 
construction the entire Eastern Section, consisting forty miles. The 
road was completed October, 1834, and for few years following, was 
engaged engineering work varied character. 

August, 1838, Mr. Wilson was appointed the State Pennsylvania 
Chief Engineer the Gettysburg Extension which was designed con- 
nect the Philadelphia and Columbia Railroad with the Baltimore and Ohio 
Railroad. the discontinuance this work, 1839, returned Phila- 
delphia, and February that year attended meeting Baltimore, 
Md., composed engineers interested organizing engineering society. 
Plans were discussed, but was finally decided that conditions were not 
then favorable for the success the project, and the matter was dropped. 

1839, Mr. Wilson was employed making surveys for proposed line 
from Downingtown Reading, Pa., and also Principal Assistant Engineer 
for the Philadelphia and Reading Railroad Company the final location 
and construction the Second Division its road from near Pottstown 
Bridgeport, Pa. The construction the Black Rock Tunnel Phenixville, 
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Pa., the entire length which was excavated through solid rock, note- 
worthy part this work. the light lanterns and candles, Mr. Wilson 
gave the instrumental work this tunnel his personal attention. The excava- 
tion was made from both ends the tunnel and through five shafts located 
its edge, and when was finished, the variation alignment and grade did 
not exceed more than 0.01 fact that this work was undertaken sixty 
years ago, time when there was dearth geological data and construction 
tools, makes its successful completion very remarkable and worthy note. 

Owing depressed business conditions, Mr. Wilson became engaged 
and pursued this work with much zeal and interest from 1841 
1852. Returning the practice his profession, made surveys, during 
the summers 1852 and 1853, for the Pennsylvania Railroad and 
located line from Philadelphia, via and the French Creek and 
Connestoga Valleys, point the Harrisburg Lancaster Railroad, 
about eight miles west Lancaster, Pa. 

1854 and 1855, Mr. Wilson served the West Chester 
and Philadelphia Railroad Company. January, 1856, entered the service 
the Pennsylvania Railroad Company, and survey for 
between the Delaware and Schuylkill Rivers through the southern part 
Philadelphia. investigated railroad matters the States 
Indiana, and the interest the Company. 

August, 1857, was appointed Resident Engineer the Phila- 
delphia Columbia Railroad, been purchased the 
vania Railroad Company. reconstructed large part this road, making 
many changes; among which was the relaying ft. south track west 
Dillerville, Pa., with entirely new rail, the last edge-rail track laid 

first Mifflin, Pa., and January, 1859, included the entire line and 
between Philadelphia and Pittsburgh, with headquarters 
Altoona, Pa. 1862, his title was changed that Chief Engineer, and 
was assisted Engineer Bridges and Buildings and Resident 
Engineer, each the Philadelphia, Middle, and Pittsburgh Divisions. 

During the Civil Mr. Wilson was engaged frequent. consultation 

with the State and Federal civil and military authorities, whom gave able 
assistance railroad matters vital importance. The road being strategic 
value, his was position great responsibility this time, 
following re-organization his Department, which 
was necessitated increased pressure work, Mr. Wilson was made Chief 
Engineer Construction with headquarters Philadelphia, where was 
oceupied improving the various facilities the Company, 
its growing business. 

November, 1873, was President the Philadelphia and 
Erie Railroad Company, the same time act Consulting 
Engineer the Pennsylvania Railroad Company. .In 1874, having been 
placed charge the Real Estate Department the Pennsylvania Rail- 
road Company, Mr. Wilson resigned his position President the Phila- 
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delphia and Erie Railroad Company. was engaged arranging and 
systematizing the work that Department until his resignation March, 
1884, when was again elected President the Philadelphia and Erie, the 
Belvidere-Delaware, the Philadelphia and Trenton, and other railroad com- 
panies controlled the Pennsylvania Company. 

1894, Mr. Wilson resigned all these positions except that the Presi- 
the Belvidere-Delaware Railroad and its subsidiary companies, 
which position held until his death August 17th, 1902. 

was married April 26th, 1836, Jane Miller, Delaware County, 
Pennsylvania, who died May 11th, was survived five children. 

has been said him that “always kind, charitable, and loving—a splendid 
type the Christian man science—his death, like his life, was beautiful, 
His work from the Delaware the Ohio has left lasting impres- 
sion the Commonwealth, and will remain monument his abilities”. 

Mr. Wilson was elected Honorary Member the American Society 
Civil Engineers August 2d, 1892. was also Honorary Member 
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George Russell Field, the son Elisha and Martha Woodbury Field, was 
born Groton, Y., October 1st, 1871, and his early education 
the public schools that place. attended Cornell University, but was 
not graduated account severe illness. 

1889, Mr. Field entered the Engineering Department the Groton 
Bridge and Manufacturing Company, and remained with that firm for nearly 
five years. served the Drafting Room for year and half; making shop 
details and checking drawings. was then placed charge design and 
contracting for bridge and structural work, and also had charge erection 
the field. For about year, acted Contracting Agent for the Bridge 
Company New York, Pennsylvania, and New Jersey. May, 1893, was 
transferred San Francisco, Calif., where represented the Company 
Contracting Agent until January, 1905. 

the latter date, Mr. Field became Contracting Engineer for the 
Iron Works San Francisco and continued with that firm 
that capacity until 1910. His position with the Risdon Company covered 
various works, among which may mentioned the structural steel for the 
Ferry Depot, San Francisco, and for the Spreckels Sugar Refinery, Salinas, 
Calif. His principal work, however, was connection with the construction 
and installation pressure pipe lines and gates for power 
plants, among which may three plants the Edison Electric 
Company Los Angeles, Calif., the Northern California Power Company, the 
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Puget Sound Power Company, and the Stanislaus Power Company 
fornia. 

1910, Mr. Field became Assistant General Manager the Great Western 
Power Company, and served that capacity until 1912. His duties with the 
Power Company were largely concerned with operation. 

1912, became interested the Klamath River Packers’ Association, 
and the following year was made Vice-President and General Manager 
the Company, position which held for nine years, until his death. his 
capacity General Manager, Mr. Field made complete study fish pack- 
ing and re-organized the conduct that industry for his Company. 

His death May ist, 1922, Los Angeles, where had gone for visit, 
was due attack influenza 1919, from which had never completely 
recovered. 

Mr. Field was married January 28th, 1904, San Francisco, Miss 
Gertrude White McCauley, who, with his father, Mr. Elisha Field, sur- 
vives him. 


Mr. Field was kindly, courteous gentleman, and those who knew him. 


well, the announcement his sudden death brought deep sense sorrow 
and loss. 

was member the Bohemian Club San Francisco and the Clare- 
mont Country Club Oakland, Calif. 

Mr. Field was elected Member the American Society Civil Engineers 
November 6th, 1907. 
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Walter Lawrence Hull, the son Edward Fred and Hattie Louise Hull, 
was born Ossining, Y.,.on April 19th, 1885. was educated the 
Publie Schools Brooklyn, Y., and finished his schooling Cooper Union, 
New York City. 

1902, Mr. Hull commenced the practice his profession 
the City Surveyor’s Office, Brooklyn, Subsequently, for period 
about six years, served various engineering capacities for the Lehigh 
Valley Railroad Company, New York City; the Public Service Railway Com- 
pany New Jersey, Newark, J.; the New York Central and Hudson 
River Railroad Company, Yonkers, Y.; the Pennsylvania Railroad Com- 
pany, the North River Tunnels, New York City; with Mr. Charles 
Cranford, Contractor, Brooklyn; and with the Hudson and Manhattan Rail- 
road Company, tunnel work, New York City. 

1908, Mr. Hull entered the service the Delaware, Lackawanna and 
Western Railroad Company, the Engineering Department, and 
the employ that Company for about eleven years, except during 1910 and 
1911, which devoted private practice water-proofing work. During the 
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greater part his service with the Delaware, Lackawanna and Western Rail- 
road Company, Mr..Hull specialized construction, his last work having been 
Resident Engineer the elimination grade crossings Passaic, 
Mr. Hull’s ability was well adapted construction work which reflected his 
well developed esthetic side, and his originality and progressiveness often 
resulted the adoption the Company novelties design and methods 
construction which proved valuable. 

Mr. Hull’s achievements track elevation through Orange, J., for the 
Delaware, Lackawanna and Western Railroad Compariy, which was 
engaged previous his work Passaic, J., resulted his appointment 
City Engineer Orange 1919, which position held the time his 
sudden death June 20th, 1922, from spinal meningitis, after illness 
only two days. 

1906, Mr. Hull was married Florence Irene Erwood, Brooklyn, 
Y., who, with two sons and one daughter, survives him. 

was member Corinthian Lodge, and M., Orange, J., the 
New England Society Orange, J., and the American Road Builders 
Association. 

Mr. Hull was elected Associate Member the American Society Civil 
Engineers January 19th, 1920. 
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John Alexander Dailey, the son Nicholas Dailey, was born Ken- 
sington, London, England, ‘August 13th, 1839. His parents came the 
United States when was nine years old, and settled Covington, Ky., 
where was educated. 

the outbreak the Civil War, Mr. Dailey who was located Evansville, 
Ind., enlisted (April 19th, 1861) Company 14th Indiana Infantry. 
served with this regiment for years and months, and fought the battles 
Green Bar, Second Bull Run, Winchester, Antietam, and Chancellorsville. 
was taken prisoner the Confederates, but was afterward paroled and 
honorably discharged 1864. 

From 1865 1872, Mr. Dailey was employed with Mr. Phillips, Sur- 
veyor and Civil Engineer, Cincinnati, Ohio, and from 1872 1880, 
was engaged the Engineering Department the Cincinnati Southern 
Railway Company. 

Mr. Dailey then went West, and from April, 1880, until his retirement 
1904, was connected with the Atchison, Topeka and Santa Railway 
Company various capacities. During the early construction the Com- 
pany’s lines, served under the late Robinson, Am. Soc. E., 
then Chief Engineer, Pueblo, Colo., and Las Vegas, Mex. October, 
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1881, was appointed Office Engineer Topeka, Kans., and afterward Was 
engaged with the late Lewis Kingman, Am. E., the construction 
the Chicago, Kansas and Western Southern Kansas the 
Company. Mr. Dailey then served Assistant Engineer 
various places Colorado, Missouri, and until 1887, 
transferred the office the Chief Engineer Topeka, where 
until May 15th, 1904, when was given leave absence account 
health: 

the first person receive pension from the Atchison, Topeka and 
Santa Railway Company account faithful and efficient service, 
had previously declined pension from the Government for which had applied, 
order refute the allusion that possibly his views regarding pensions, that 
able-bodied man should not draw pension, were prompted 
sionable record. refused acknowledge that was disabled long 
was earning and claimed that the chronic rheumatism which had 
him—contracted while the service—was badge 

Dailey was man strong individuality and unimpeachable integrity, 
hospitable, and kindly. Topeka, had been familiarly known “Diagonal 


Dailey”, due the that had forced the State construct diagonal 
walks through the State House grounds which are the heart the city and 


cover two square blocks. 1906, had removed East Orange, 
where died February 9th, 1922. survived his wife, four sons, 
and one daughter. 

Mr. Dailey was member Lincoln Post No. R., Topeka, Kans. 
Thirty-second Degree Mason, was member Siloam Lodge No. 
Topeka, and was also the First Unitarian 
Orange; 
Mr. Dailey Affiliate the American Society Civil Engi- 
neers September 7th, 1904. 
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1824. AERIAL PHOTOGRAPHY AND MAP MAKING 


[ Papers, 


AERIAL PHOTOGRAPHY AID MAP MAKING, 
SPECIAL REFERENCE WATER POWER SURVEYS 


The purpose this paper bring the attention the Profession 
method utilizing aerial photographs the preparation maps, which 
been used with considerable success recent survey the Tennessee River, 
The method appears well adapted for use water power surveys, irrigation 
surveys, city planning, and the location highways. utilizes the 
possible extent the information furnished the photographs, and eliminates 
the necessity providing triangulation other costly forms ground 
trol. this respect, departs not only from ordinary survey methods, but 
also from most the systems aerial mapping evolved the present time, 

result the experimental work with aerial photography, that has been 
done the United States and abroad, two distinct products have been 


surface; and the hand-drawn map compiled from aerial photographs, which 


consideration the hand-drawn map, including both the plane and the 
graphic map. brief description the mosaic has been added for the purpose 
making clear its advantages and limitations. practical method has yet 
been evolved for showing the relief means contours direct photo- 


France and Germany, but this country still necessary supplement 
the contours surveying. This best accomplished the 
method, either drawing the contours skeleton maps prepared from the 
photographs, or, drawing the contours directly the photographs. The 
that the speaker has had with the latter method inclines him the 
belief that eventually may find wide application. 


locating enemy positions, rather than the production maps, was essential. 
The usual method constructing mosaic fitting and pasting suit- 
backing, parts adjoining photographs. This done selecting the 
clearest and best parts the photograph, usually their centers, and discarding 
the remainder such manner leave feathered edge irregular 
tour. This feathered edge avoids the appearance distinct matching lines 
the finished product, and, when wetted, may stretched and squeezed 
certain amount, which great aid securing perfect matching 
ous details. 
sense, each component photograph mosaic miniature map, 
that is, assuming have been taken with the focal plane the 
held truly parallel the ground surface. Unfortunately, with the best 
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oped: The mosaic, made joining number photographs into what 


has the appearance ordinary map. This paper devoted mainly 


graphic process. Some progress that respect has been made 


The mosaic gained its popularity during the World War when quick work 
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ment, impossible take all the photographs one flight, not mention 
adjacent flights, the same altitude, with the focal plane the 
camera always parallel the ground surface the time exposure. Nor 
the surface the ground plane surface. From these sources error 
result the following: (a) differences the scale the photographs due the 
altitude the airplane; (b) distortions due tilting the camera 
the instant exposure; and (c) displacements objects from their true 
due inequalities the elevations the land. 

However slight these errors may be, and they usually are slight, their sum 
total makes the construction first-class mosaic quite difficult, and great 
not exercised, only indifferent results can expected. Unless some 
form control available, that will serve check the position objects 
frequent intervals, there assurance that the scale the mosaic can 
made dependable. the case mosaics cities, such check usually 
obtainable comparison with existing maps, but where accurate map 
available, ground control, triangulation other survey methods, must 
established and this greatly increases the cost. Even with the best con- 
trol, times difficult avoid unsightly offsets mosaics, due dis- 
torted parts not matching properly. 

The inaccuracies that are inherent ordinary mosaics not operate 
debar them from many practical uses. Thus, they are excellent reconnais- 
sance maps, and for other purposes that not require the accurate scaling 
distances the close measuring areas. Mosaics possess the merit 
being obtained usually small outlay cost and time. Until greatly 
improved methods are evolved for taking photographs from the air, the field 
usefulness the mosaic, the engineer, likely remain limited. 


Maps 


Under this subject will considered maps that are compiled transfer- 
information from aerial photographs directly tracing linen, paper. 
The special method advocated herein not applicable the mapping large 
areas small scales, such the standard base map the 
Geological Survey, for the reason that the primary requirements maps 
that class are show the objects their correct positions with respect 
meridians and parallels grid lines, and take due account the sphericity 
the earth. obvious that the requirements such maps cannot 
attained through the use photographs, except providing rigid system 
triangulation, that will effectually place each particle information de- 
from the photographs its proper geographic position. 

The new method appears especially suited the class maps required 
the practising engineer the planning engineering works. However 
heterogeneous aspect and purpose, the maps required for engineering pur- 
poses may be, they differ class from geodetically accurate maps three 
important particulars: (a) they are not units comprehensive mapping 
scheme; (b) the location objects with respect meridians and parallels 
essential; and, (c) the limit permissible error fixed considerations 
practical rather than cartographic nature. There unlimited 
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field for the application aerial photography the preparation 
maps, but has not received the attention that has been accorded 
production geodetically accurate maps. 

The experience gained the survey the Tennessee River 
that, within certain limits, excellent results can obtained without resorting 
any form horizontal control other than that derived from the photographs 
themselves. 

not the province this paper give detailed description the 
process constructing aerial photographic maps used the Army 
Service, descriptions thereof are outline the process 
here given order enable the reader judge what respect differs from 
the method about described. 

The method used the Air Service consists covering the region 
tematically with overlapping courses photographs and determining the 
correct position the individual photographs, tracing cloth celluloid, 
the Bagley method orientation description which given 
quently. Adjustment then made bring the position the photo- 
graphs accord with the horizontal control. After this accomplished, 
skeleton map compiled sheets suitable for use plane-table trans- 
ferring the major details from the photographs the use pantograph. 
These sheets are then ready for the topographer take into the field. All 
this pre-supposes, however, that the necessary spirit-level and triangulation con- 
trol has been provided. 


The primary objects this survey and investigation were ascertain the 
possibilities constructing dams across the Tennessee River and its principal 
tributaries for the joint development water power and navigation. 
ary objects were the securing data for use studies flood control and 
the development the mineral resources the region, far these 
subjects had bearing power and navigation. was recognized from the 
beginning that accurate and detailed map would needed, that should 
furnish all necessary information for making preliminary estimates cost 
structures and land damages; also, that such map should sufficient 
scope show the territory adjacent the river for distance mile 
more, order that intelligent study might given the location 
trial sites with reference flood levels, water and rail transportation, 
transmission lines, highways, and towns. Existing maps did not furnish this 
information, nor was possible combining all available sources 
tion compile dependable map fulfilling these requirements. This deficiency 
arose from the fact that the quadrangle maps the Geological Survey 
this region were inadequate, being scale 1:125 000, the surveys having 
been made nearly years ago, whereas the river charts prepared the 


“The Use Aerial Topographic Mapping,” Information Circular 
184, published the Chief Army, 1921. 


Ordered the River and Harbor Act June 1920. 
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Engineer Department, although drawn large scale, supplied information 
outside the river banks. 

map was undertaken field 1:15 000 (about in. 
mile) and scale publication 1:20000. was show all water- 
courses, the configuration river banks, islands, and sloughs large streams; 
all railroads, highways and roads, including private roads the vicinity 
the river; all isolated buildings importance; all the more important property 
indicated fences, and the classification lands follows: (a) 
high priced, cultivated lands; (b) hilly farm lands; and (c) wooded, rocky, 
gullied lands. The relief was also shown 5-ft. contours the valley 
bottoms and ft. contours the hillsides, thus making possible com- 
pute the areas lands that would overflowed for any reasonable height 
dam that might planned any given locality. The contours were 
located for distance least ft. above extreme low water the Ten- 
nessee River. 

The main object using aerial photography was expedite this under- 
taking and thereby save cost. was estimated that about 2000 sq. miles 
the form narrow ribbon covering many hundreds miles river 
valley would have mapped, and the funds available were inadequate for 
securing, ordinary survey methods, topographic map the desired 

There was little precedent that would serve guide. number topo- 
graphic maps, however, had been made with the aid aerial photographs, and 
limited supply literature was available that general subject, but hardly 
any seemed fit the particular case hand. 

The co-operation the Army Air Service was enlisted for taking the 
photographs, and this resulted the photographing the valley from Knox- 
ville Chattanooga, Tenn., during the summer 1921. October that 
year, the inception mapping operations, method was tried out involv- 
ing the sketching contours directly aerial photographs, and this gave 
promise good results from the beginning. consisted taking stadia 
topography the plane-table method, and platting the points, fast they 
were located, the photographs. The contours were then sketched, the photo- 
graphs sent the office, and the information them transferred tracing 
cloth into final map form. 

Although contour sketching photographs had been done consider- 
able extent France and Germany, and experimentally the United States 
the Army and the Geological Survey, instance known 
such work having been done methodically over any large area this country, 
previous its adoption the survey the Tennessee River. The field work 
this survey was conducted for eight consecutive months, funds 
became exhausted. During that time, the survey developed from experi- 
ment into well grounded system map making, the results which sur- 
pass the older methods surveying and mapping the degree faithful- 
hess and completeness detail obtained and the saving time and cost. 
The following description the various phases the work. 
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Aerial photographing was done two officers that 
Army Air Service from Haviland plane equipped with camera 
K-1 type, which had single lens 10-in. focal length. was necessary 
fly the plane altitude 12500 ft., order obtain photographs the arid 
distances the ground, these dimensions corresponded 1.66 
miles. ins 

The photographic equipment, although not the latest type, was com 
plete, and included the following accessories: adjustable gimbal-like 
port for the camera, which permitted leveled quickly, and eral refe 
rotated; Venturi vacuum tube which served hold the film flat against the 
focal plane plate the instant exposure; electric battery for operating 


the automatic mechanism; speed-control device for regulating the 
between successive exposures; view finder which enabled the photographer 
determine the proper setting the speed-control device and the amount the 
camera must rotated compensate for “crabbing” the airplane due 
its position angle with the true direction flight. 

The normal velocity the plane while the photographs were being taken 
was miles per hour. the photographs measured 1.66 miles the 
tion flight, and overlap 50% was desired, was necessary make 
exposures about mile apart, intervals sec. still air. case 
wind, proper allowance had made, order maintain the required 
lap. 

The films came rolls and were wide about ft. long, and con- 
tained about 100 exposures. was not practicable, with the equipment 
then used, change films while flying, the work had planned conserve 
film and time the best advantage. This was important, Tennessee the 
number days when atmospheric conditions are favorable for aerial photo- 
graphic work not usually average more than per month. 

For each day’s work, which usually consisted.of hours flying, the 
pilot was furnished with section map from quadrangle map the 
Geological Survey, which were shown, colored lines, the flights 
made. The work was laid out parallel and overlapping courses, averaging 
about miles length. Sixty-eight courses were covered, and more 
than 1000 photographs were taken the valley from the head the Ten- 
nessee, near Knoxville, Chattanooga. The total area covered photographs 
was 675 sq. miles, including 188 lin. miles the Tennessee River, and 
miles the Hiwassee River, from the mouth the latter Charleston, Tenn. 
Along the main river, the belt photographs varied width from 
miles, with average miles. The greater widths were made necessary 
river meanders and because having include certain tributary valleys. 

The entire area was covered from one landing field East 


more 


was common for the aviators fly Knoxville, straight-line distance 
about 100 miles, make from exposures, and, without alighting, loca 
Chattanooga time for luncheon. 

Because weather conditions, seven weeks were required which com- 
plete the aerial work, photographs having been taken only eleven days for 
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that period. figures show that, the southeastern part the United 
States, the cost aerial photographic work function rather 
the size area covered. Had this photographic work been done 
thearid regions the West, two weeks probably would have been required. 

intended have the photographs within any course overlap 
the direction flight and about 15% between adjacent courses. 
instances, the lap obtained was much less, may seen reference 
fig. which shows part the index map prepared for the ‘survey. This 
map shows the relative positions the individual photographs, for gen- 
reference, without any attempt precision. Fig. not taken 
the aerial work done the Tennessee River, but was 
selected -because its shortcomings which make more instructive than 
more perfect example. 


MAP 
AERIAL PHOTOGRAPHS 


FROM 
HEAD OF TENNESSEE RIVER 
TO COULTER SHOALS 
SOALE OF MILES 


-8 


15. 


Thus, the two long courses, numbered from 151 169 and from 465 489, 
show scant was the cause much extra labor assembling 
the final map. Again, the short course, numbered 202 211, gives evidence 
the airplane having had trouble, because some local condi- 
tion, and, result, there insufficient lap the course the south, and 
one place there lap whatever. some instances, was necessary 
supplementary courses order close hiatuses, as, for instance, near 
Mile the Tennessee River, where the course numbered 513 518 was 
needed cover the gap left between the courses numbered 109 122 and 151 
169. the developing and printing was done Langley Field, Va., 
sometimes two weeks more before such troubles became known. The 
disadvantage having the dark-room work done distance was felt also 
other ways, and impressed those charge with the necessity the provision, 
work this kind, for having the developing and printing done 

example adequate lap shown the courses the extreme right 
Fig. 15, both regards lap within courses well between them. Un- 
fortunately, there hardly any lap between the lower these two courses 
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and those immediately the southwest. This made map construction that 
impracticable the method adopted. Fortunately, was possible 
reference the old river survey charts secure proper continuity the 
photographic map. The extent which these early charts were utilized 
checking the aerial photographic map will discussed detail subsequently, 

The information conveyed the photographs was largely satisfactory, and 
more than ample for the purposes the map. difficulty was experienced 
identifying objects clear prints, and only little practice was required 
order interpret the significance all that showed the 
most prominent features were the river outlines, the highways being next; 
railroads were less conspicuous, but were easily recognized the regularity 
their alignment. Cultivated lands, outlines wooded areas, fence lines, 
lone trees, and buildings showed plainly. Perhaps the least distinct features 
were the clay roads and the smaller drainage courses. Among the objects that 
could not distinguished and that had located survey were newly 
built fences and power-transmission lines. The location power lines could 
traced places the cleared rights way through timbered areas. 
general, the photographs contained wealth detail. 

regretted that the camera was not equipped record 
ally each photograph the amount and direction its tilt and the altitude 
registered the altimeter. This now done the latest equipment and 
would have been the greatest value the orientation work. 

The photographic prints used the Tennessee River survey were two 
kinds: glossy print that showed minute details and was suitable for all 
purposes except field sketching; and dull print made No. 
bromide paper, which was especially suitable for drawing with ink pencil, 
and was used the plane-table. The bromide prints were not rich detail 
the glossy prints, and when made from weak negatives gave poor definitions. 
overcome their limitations, customary provide the men the 
field with glossy prints for reference. 

Surveying surveying operations are particular inter- 
est, because their simplicity compared with standard methods 
veying, such would have been used normally produce map equal the 
one obtained. Thus, the matter horizontal control, the aerial photograph 
supplied all that the surveyor required for locating his instrument station. 
Triangulation, base lines, control traverses, and the like were unnecessary. 
The control needed for locating the photographs with respect each other, 
under this system, became drafting-room procedure and will 
subsequently under the head “The Bagley Method Orientation.” 

The vertical control the Tennessee River work was largely available 
from previous surveys made the Engineer Department, and consisted 
permanent bench-marks intervals miles along the river. Check 
lines were run connecting this old level system (established 1891) with the 
precise bench-marks the Coast and Geodetic Survey, and except for 
occasional minor adjustments, was found entirely serviceable. 
ber short level circuits were run tributary valleys, wherever such 
required mapping for any distance. For the most part, however, height 
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instrument elevations for use the plane-table were carried forward stadia 
and vertical angles, always commencing some permanent bench-mark and 
such bench-mark. Such vertical angle traverses seldom exceeded 
length and usually checked within 0.5 ft. 

From the foregoing, will seen that, barring small amount sec- 
ondary leveling, the man the field could devote practically all his time and 
the contour work. The latter was done with the aid telescopic 
mounted standard plane-tables. The process consisted deter- 
mining, the ordinary stadia and vertical angle method, the location and 
devation important points needed sketching the and platting 
these points immediately the aerial photograph. The photograph was 
the plane-table sheet paper which map being platted 
would have been, with this difference, however, that instead being blank 
sheet showed the location objects seen from the air. This was great 
the topographer, and saved him the trouble locating such 
objects. Besides the saving time effected, facilitated the work other 
First, enabled the topographer set his plane-table practically 
desired point identifying the photograph with reference natural 
a-field, would serve his purpose. Sometimes unimportant object like 
asmall bush rock, showing plainly the photograph, served instru- 
ment station. Where convenient object could found, stadia distances 
taken near-by objects completed the location quickly. The process 
orienting the photograph consisted sighting the alidade distant points 
within the scope the photograph. The usual three-point problem and many 
the vexatious troubles orientation were avoided. 

Perhaps the most important advantage locating contours aerial 
photograph was the assistance derived from being able see the objects 
the ground portrayed the photograph. This gave the topographer oppor- 
tunity check the location many the stadia shots platted. them. 
sketching the contours, had greater certainty obtaining the correct 
minor bends and such lines than had been 
sketching blank paper. derived from the photographs 
proved especially helpful eliminating the tendency beginners 
etalize topographic features conventionalizing the contours. This fault 
easily acquired field sketching usually traceable see 
the terrain correctly. The foreshortening the landscape the eye man 
standing the ground great obstacle first-class work, and 
it, frequently find necessary carry the table elevated 
points, order the sketching. Probably the most difficult outlines 
accurately paper are the shore lines ponds which 
the eye cannot delineate except from highly points, making 
stadia The aerial this difficulty, 
for shows the shore lines correctly, and was necessary only determine 
few elevations controlling number casés, comparison the 
photographic map with the old river charts showed slight errors the latter, 
dué misinterpretation the curvature bank lines between. stadia. loca- 
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tions. Such errors are practically unavoidable even the best surveying 
practice. The aerial camera supplements this deficiency. 

Another advantage the use the photograph that the elevation 
any readily identified object can obtained without the use the stadia rod, 
merely scaling the distance the photograph and reading the vertical 
angle with the alidade. This, many respects, similar the intersection 
method locating points ordinary plane-table surveying, except that, 
this case, the point already located and only the computation its 
tion necessary. This method not recommended long-range work, 
displacements caused elevation may introduce appreciable. errors the 
tances scaled. 

Fig. conveys some idea the relative amounts information obtained 
from photographs and through instrumental survey. Fig. 
reproduction aerial photograph exactly was received from the 
field party the Chattanooga Office. The contour lines the original are 
drawn brick red, the small streams violet, and all cultural details 
black. The part supplied the surveyors, consists the contour topography 
and the classification lands. The latter indicated capital letters en- 
elosed and refers the areas within contours. The notation used 
that mentioned page 1827. The data derived from the photograph consist 
largely fence lines, water-courses, roads, buildings, and such other 
tant detail seemed desirable embody the map. noted 
that none this information required any instrumental work the 
veyors. the most, occasional reconnaissance was required one man, 
order make sure the location important fence line through some 
woods, determine the location power-transmission line. 
tour points were not determined higher than ft. above low water the 
river, the area that had covered comprised only 25% the finished 
map. Considering the fact that the control was also derived from the photo- 
graphs, will seen that the field work, although furnishing most valuable 
data, contributed only fraction the information shown; other words, 
the photographs alone furnished complete data for plane map, and all that 
required surveying were those parts that were immediate interest 
planning dams. 

Two additional duties imposed the topographers are not illustrated 
Fig. 16. One these duties was make determinations azimuth 
Polaris intervals about miles, and the other was test the scale 
each photograph making stadia check measurements between objects 
1500 ft. apart, that could clearly identified the photographs and 
the field. These measurements were great importance, and 
the case any photograph that was not true seale they had repeated 
order test different parts the photograph, This was necessary 
only for the guidance the topographer platting stadia distances cor 
rectly, but also for making proper allowances the construction the skele- 
ton control method orientation. 

Incidental the survey was the location and determination the 
tion reliable high-water marks. facilitate this, the topographers 
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Fic. AERIAL PHOTOGRAPH RECEIVED FROM 
TENNESSEE RIVER SURVEY. 
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equipped with river profiles showing the approximate heights attained 
great floods, compiled from data obtained previous river surveys. 
The field organization consisted one unit, comprising chief party, two 
plane-table topographers, two station assistants, four rodmen, launch run- 
cook, and helper. The entire party was housed well equipped 
houseboat which was moved from miles time, the survey progress- 
ing down-stream direction. gasoline launch supplemented rowboat 
yas used for taking the surveyors back and forth work and for transport- 
ing supplies. The size the field unit was determined largely financial 
the survey should resumed with ample funds, 
planned increase the field unit comprise three instrument parties 
field draftsman working under the direction one chief. 

Besides doing the administrative work and providing necessary supplies, 
was the duty the chief parties plan the work, determine what 
part the area shown photograph was contoured; and make 
reconnaissances for various purposes, including the determination eleva- 
distant sink-holes (with aneroid barometer), order that area 
overlooked. devolved him ink the contour lines 
platted his topographers and supply the photographs other informa- 
needed for completing the maps. This included inking roads, railroads, 
fence lines, power-transmission lines, buildings, and any other features 
importance, shown Fig. 16. The putting the final touches the 
photograph the field was found great utility, for, this manner, 
was possible over every contour line detail, note the discrepancies 
and omissions, and have the proper corrections made before the photographs 
were finally transmitted the Chattanooga Office. With three topographic 
parties one unit, would become necessary have these duties per- 
formed, part, competent draftsman, order relieve the chief 
parties too much detail. may interest state that, the work- 
ing plan first organized, the photographs bearing the contours pencil 
were sent the Chattanooga Office and there inked. The latter plan proved 
the more satisfactory, for the reasons stated. 

The use was made the stereoscope the 
Tennessee River survey, both the field and the office. The reflecting-mirror 
type, without lenses, known the Pellin stereoscope, was found best 
suited for the work, and was used two forms, the regular, metal-frame, 
Pellin instrument, and home-made box-like structure. The latter required 
artificial illumination and was used with success the office. Except for the 
feature, possessed decided advantages over the regular Pellin 

The stereoscope brings out the relief any area common two overlap- 
ping photographs most striking manner exaggerating the vertical 
This was found especially helpful country low moder- 
ate relief, for instance, tracing minor drainage courses the location 
which was often indistinct and difficult follow. was useful 
examining densely forested mountainous areas which, because the uniform- 
ity the foliage, afforded clue regarding topography drainage when 
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viewed single photographs. least one instance, the presence deep 
sink-holes was detected hilly and timbered area where the 
had not suspected the existence low ground. The discovery was made 
the Chattanooga Office; the field party had been instructed search 
indicated the photograph, and the low areas were discovered them 
surveyed. 

Some the many practical advantages derived from its use are 
lows: the field, the topographer was enabled, before beginning work, 
visualize clearly the character the topography the country. Often 
-showed him the best places occupy with his instrument. The chief party, 
studying the stereoscope the country mapped, could plan 
work more intelligently. the office, was possible, viewing 
stereoscope the photographs which contour lines had been drawn, check 
the the sketching. many other ways, the stereoscope proved 
valuable that soon was considered essential part the equipment. 

Office office work was wholly unlike that involved 


preparation any ordinary map. consisted taking set duplicate 


photographs and constructing from them the so-called “skeleton control’ 
which, the words imply, skeleton frame used for assembling the 
photographs proper position with respect each other. The necessity for 
providing this skeleton control will apparent when remembered that 
each photograph contained only small area, averaging perhaps less than 
sq. in. data traced. would have been impracticable 
succession such patches merely fitting piecing them together without, 
doing, accumulating serious discrepancies the resulting map. After 
testing various methods building skeleton control without using data other 
those furnished the photographs, the preference was finally given 
the Bagley. method orientation, which will described later. Once the 
skeleton control satisfactorily prepared, the tracing the photographs 
comes comparatively simple. One time they were placed under the trac- 
ing cloth, oriented the control points provided the Bagley method, 
and traced. For photographs that were materially out scale, often 
became necessary provide additional control points. centering the 
tracing cloth over one such point time, the data immediately sur 
rounding were traced, this operation being repeated the other control 
points. The intervening detail was then drawn distributing the discrepan- 
cies due errors scale, proportion the total errors found 
the distances between control points. The discrepancies that had ad- 
justed this process were usually quite small and, providing sufficient 
number control points, was possible obviate the use proportional 
dividers. 

believed that the method herein outlined superior the use 
the pantograph. The lines produced the pantograph are somewhat ragged, 
depending the skill the operator, and this requires that they smoothed 
out. hand, which objectionable that introduces added source 
error delineation. The pantograph cannot used advantage with tilted 
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photographs, the scale not the same different parts the same photo- 
graph. 
Experiments were made with celluloid sheets, both with and without 
finish, substitutes for tracing linen, but the latter was found 
the most satisfactory. The celluloid, although superior transparent 
qualities, was difficult manage, because would not lie flat and, also, because 
perspiring hands ruined the ground-glass finish. The celluloid 
glossy finish was not suitable for neat work with India ink. its final 
form, the map was made sheets standard size, in. over all, com- 
prising areas about miles each. 

The Bagley Method Orientation—In 1920, Maj. James Bagley, 
Engineers, Army, whom this country indebted for much 
the progress that has been made the development aerial photographic 
surveying, first tested McCook Field his new “radial line method” obtain- 
ing the correct position any object shown two more aerial photographs. 
The speaker believes the method should called the “Bagley Method 
honor its originator. Besides effecting the location 
objects eliminating displacements due relief.and distortion, facilitates 
the orienting the photographs with respect each other. the Tennessee 


River survey, has proved invaluable the construction the skeleton con- 


The original conception came Maj. Bagley the result his ex- 
perience with the plane-table system locating points intersection, 
Alaskan surveys. 

The method based the assumption that the displacement objects 
caused relief and tilt takes place along radial lines passing through the 
center the photograph, and also the assumption that the center the 
photograph, optical center, coincides with the point the ground through 
which vertical from the center the lens would pass. has been demon- 
strated geometrically Maj. Bagley that, for all practical purposes, these 
assumptions obtain the majority photographs. practice, has been 
found also that any point near the center may used without sensible error. 
Figs. and are reproductions actual photographs used the prepara- 
tion the skeleton control the Tennessee River survey. Fig. shows 
that skeleton control covering part the stretch river between 
and Kingston, Tenn., and includes the position Photographs Nos. 
and 272 shown Figs. and 18. 

Fig. affords excellent illustration the Bagley method orienta- 
tion applied single photographs within course, and also the joining 
overlapping courses. The first step the process establish the center 
each photograph, which may done through intersection the diagonals 
when marginal indentures are shown for that purpose. The next step 
locate each photograph the position the centers the adjacent. photo- 
which done reference the images natural objects. suc- 
centers are then connected straight lines. Fig. shows the posi- 
each photograph outline, and its center heavy circle, The 
lines connecting the centers have been drawn heavy order give them 
but, practice, only the thinnest lines are used, them 
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the circle and the point intersection the radial lines. 


“this represented the combined effect altitude and tilt near the 
‘the photographs where errors from these sources would naturally 
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depends the accuracy with which the photographs are oriented, and any 
tion would vitiate the remainder the work. should happen the 
center one photograph cannot shown the next, becomes 
supply auxiliary point. Fig. 19, case this kind 
Photograph No. 275. Its center did not appear Photograph No, 
and auxiliary point, also located reference natural objects, had 
established, shown. The point selected for this must common 
both photographs and must lie nearly possible the straight line 
necting their centers. 

After the center points and connecting lines are once established, the 
step select the so-called control points. points must 
less than two. For instance, the control points the upper left Fig, 
are common Fig. 17. Some the control points Fig. will 
common many five photographs. Radial lines are drawn fron 
the center each photograph through the control points, illustrated 
Figs. and 18. The skeleton control then constructed placing 
photographs, one time, under sheet tracing cloth, celluloid, 
which then drawn the centers and connecting lines, and the radial lines 
the various control points. Each successive photograph placed 
-by means its center already located from photograph, and 
the line connecting its center with that the previous 
graph. the radial lines the control points are traced and made 
sect, the proper location these points thereby automatically established. 

has been found useful have from nine twelve control points each 
photograph and locate them away from the centers, and preferably 
near important features embodied the map, such shore lines 
highways, and fences. This insures the correct position these 
tures the skeleton control. the photographs are free from tilt and 
all taken from practically the same altitude, the radial lines will 
intersect single points. will noted Fig. that the 
tions obtained were satisfactory most instances and that points 
both courses showed substantial agreement. few cases, the radial line 
failed intersect point, and small triangle was formed. Poor inte 
sections this kind were usually attributable distortions caused tilt 
such the true position the control point was taken 
the center the small triangle. 

the lower tier Fig. 19, the radial lines are not drawn inter 
sect. small circles are drawn indicating the actual positions 
control points the separate photographs. This was done for the 
illustrating the discrepancies that were commonly found 
such points. The amount the discrepancy should measured 
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they affected the location roads and section lines, the former being indi- 
ated double lines and the latter broken lines. The evidence presented 
the necessity for systematic procedure such that outlined elim- 
inate discrepancies this kind. Efforts were made the Chattanooga Office 
photographs with reference the continuity river bank lines, using 
lines the sole form control. This method was fairly successful 

there was distortion due tilt, because the surface the river 

for all practical purposes, level plane, and points this plane were not 
elevation displacements. The Bagley method proved superior, 
however, and was adopted. 
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Tilted photographs were readily recognized they would out line 
when platted the index sheets the skeleton control. Thus, Fig. 19, 
Photographs Nos. 272, 273, and 275 are probably affected tilt. Photograph 
No. 255 probably similarly affected, but lesser degree. the prepara- 
tion the skeleton control, care had exercised guard against errors 
scale. Therefore, before beginning such work was much value 
able note the results check measurements made the field. When 
photographs practically uniform scale were found, they were 
platted onee skeleton adjacent course photographs. hap- 
pened different scale, that course was platted separate sheet, 
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they, affected the location roads and section lines, the former being indi- 
cated double lines and the latter broken lines. The evidence presented 
the necessity for systematic procedure such that outlined elim- 
inate this kind. Efforts were made the Chattanooga Office 
locate photographs with reference the continuity river bank lines, using 
such lines the sole form control. This method was fairly successful 
when there was distortion due tilt, because the surface the river 
was, for all practical purposes, level plane, and points this plane were not 
affected elevation displacements. The Bagley method proved superior, 
however, and was adopted. 


FEET SCALE 


Fic. 19. 


Tilted photographs recognized they would out line 
when platted the index sheets the skeleton control. Thus, Fig. 19, 
Photographs Nos. 272, 273, and 275 are probably affected tilt. Photograph 
No. 255 probably similarly affected, but lesser degree. the prepara- 
tion the skeleton control, care had exercised guard against errors 
Therefore, before beginning such work was much value 
able note the results the check measurements made the When 
photographs practically uniform scale were found, they were 
platted onee skeleton form. adjacent course photographs. hap- 
pened different scale, that course was platted separate sheet, 


thy 
K 
| \ . 255 254 6a 
O 0 < O 25677) 


1842 AERIAL PHOTOGRAPHY AND MAP MAKING 


and matching the two courses could undertaken until the proper 


enlargement had been made. 

some section lines proved much assistance checking the 
the photographs. regretted that only small part the 
country was sectionized, and this had been done prior 1851, had become 


largely interesting note, this connection, the value 


the photographs revealing the remnants this old system land lines. 
Figs. and 18, the broken ink lines were drawn mark all plainly 
visible property lines that were accord with the sectionizing. Fig. 
shows, the lower tier, the character the information thus made available. 

preparing the skeleton control, was customary draw the river banks, 
highways, and railroads intervals, because such data assisted placing 
accurately the photographs traced. Fig. illustrates the extent 
which this practice was carried. 

beyond the scope this paper discuss the finer points involved 


the use the Bagley method control. The experience Tennessee proved 


that the method was not difficult learn, and gave satisfactory results when- 
ever good technique was used and the photographs had ample lap. 

Fig. interest showing what avoid. The two courses 
photographs overlap the region which, this survey, happens great- 
est importance, namely, along the river. the discrepancies due tilt and 
elevation displacements are always greatest near the edges, much extra work 
was entailed this instance determining the correct location the river 
banks. would have been better the aviators had secured the location 
the river the middle one course photographs with additional courses 
each side. 

Ground original plans for the survey the Tennessee River 
contemplated the use existing river charts the Engineer Department 
ground control for the location the.photographs. These river charts were 
the results transit surveys made standard methods, platted scale 
and reduced pantograph 1:6000. Two stadia traverse lines, 
one along each bank and interconnecting intervals form series 
closed circuits, furnished the control. With occasional exceptions, these charts 
were fairly accurate, and afforded reliable checks the alignment the 
photographs. The checks thus obtained demonstrated that wherever ample 


lap existed between photographs, say, from 60% both directions, the 


map constructed from aerial photographs the Bagley method was 
accurate the survey charts, and, places, the photographic map was the more 
reliable. The errors that grew out the skeleton-control method were negli- 
gible for the purposes which the map was serve. The latter consideration 
was the only criterion which the sufficiency insufficiency the accuracy 
obtained was judged. Table shows some the principal measure- 
ments which the foregoing statements are based. 

Maj. Bagley has ascertained that the orientation set photographs 
possessing least can carried the direction flight, his 
method, over distances great four times the width the aréa photo- 
graphed, with satisfactory results. the Tennessee River survey, the width 
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was never less than two photographs, miles wide, allowing for 50% lap, 
and was usually much wider than 40-in. sheet the 
most about lin. miles map, the chances accumulating appreciable 
error within the confines one sheet standard size were well within the 
limits stated. 


TABLE 
1909 survey; New map; 

feet. 
north and south loops near Post Oak Island......... 630 
Across neck, west Post Oak Island, including island and 520 488 
Across widest part Keller 850 
Out-to-out bend Prater bend west Cox Island...... 700 750 
Across neck south Concord, inside 450 440 
Point near Concord. Point near Chota 19.770 900 
Foot Island Louisville Landing................ 270 250 


field work the Tennessee River survey was conducted over 
period months and was stopped June 30th, 1922, because lack 
appropriation. all, lin. miles the valley the Tennessee River, meas- 
ured along the thread the stream, had been covered. average cost per 
square mile for the entire survey cannot obtained much the early work 
was experimental. Weather conditions, the seasonal state the vegetation, 
and the character the topography introduced wide variations. Toward the 
latter part the work, when regular routine had become established, the 
indications were that the cost per square mile was about follows: All field 
costs, inclusive field drafting, less than -$50; preparation skeleton con- 
trol, about $1.25; and final tracing, $3.50. The cost the aerial work, not 
including depreciation equipment expenses, was about 
per this basis, the total cost about $61 per sq. mile. 

Errors apprehension has been expressed concerning 
distortion and displacement aerial photographs. The speaker’s experience 
leads him the belief that such apprehension frequently the outcome lack 
familiarity with the practical utilization aerial photographs, and that 
the net result such errors likely exaggerated. aerial photography, 
ordinary ground surveying operations, instrumental errors are several 
kinds and must constantly guarded against. However, the aerial method 
being largely mechanical freer from the vexatious human 
blunders common ordinary surveying, blunders which are not easily 
eliminated, and which the best accepted practice have disposed 

so-called adjustments. The photographic errors the work done the Ten- 
River were either readily detected and allowance made therefor, 
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troubles that required the most vigilance were: 


1.—Differences scale photographs due the aviators not flying 
the proper altitude. Errors much scale were frequent, but 
usually such errors were detected readily comparison with overlapping 
photographs and through the check measurements made the field men, 
previously described, and also occasionally reference section lines. 

objects due differences elevation the terrain 
most troublesome near the edges photograph. With this mind, the 
areas selected for contouring were made occupy, nearly practicable, 
the center the photographs. The outlines the Tennessee River were 
found quite free from displacement, because its water surface was prac- 
tically horizontal plane. This was the more fortunate the correct loca- 
tion the river not only was prime importance, but also made possible 
close comparison with the earlier ground surveys. The displacement objects 
away from the river ground 200 300 ft. above the river level rarely 
amounted much 100 ft. laterally, and, ordinarily was much less. 
such displacement was always radial direction away from the center 
photograph, usually little doubt existed its nature and effect. The 


radial method locating control points, described previously, proved satis- 


factory eliminating displacements, which form error, although the most 
common dealt with, was the least difficult correction. 

3.—Distortion term often misapplied displacement, but relates 
entirely different sources error. True distortions are caused the tilt- 
ing the camera the instant exposure; sudden gyratory movements 
the plane; and imperfect action the focal plane shutter. Occasional 
instances were found these troubles, which would have been quite difficult 
eliminate had not been that, through the use overlapping photo- 
graphs, the distorted photographs could corrected discarded. 


The amount tilt aerial photographs much less than commonly 
supposed. Information Circular No. 184 the Air Service are given the 
results tests from which appears that about 29% the photographs tested 
showed tilt between and 64.5% between 0°30’ and 1°; and 6.5% 
between and tilt more rare occurrence. The errors 
introduced tilting within the limits stated, affect the position objects 
mainly radial direction with reference the center the photograph, 
the angular diserepancy being extremely small. 

experience gained the Tennessee River survey points 
the necessity securing generous overlapping the photographs. lap 
about 60% the direction and about 50% between courses, 
needed, order to: 

(a) Construct rigidly accurate skeleton control; 

(b) Correct the displacement objects; 

(c) Eliminate 

(d) Bring out clearly important details from 
more than one angle view; 


(e) Get the full benefit the remarkable stereoscopic properties 
aerial photographs. 
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method aerial photographic mapping, described, 
adapted any region moderate relief, regardless its elevation above 
sea level. Deep canyons and precipitous mountains introduce troublesome 
amounts displacement, and, therefore, aerial photography not well suited 
the mapping such features. However, would practicable use 
reservoir surveys mountainous country for the reason that reservoir sites 
always occupy valley bottoms, and large part the adjacent mountains 
need shown. This also true irrigation projects, because the lands 
irrigated are usually low relief even though situated mountainous 

The method possesses many advantages studying routes for power-trans- 
mission lines through rough timbered country eliminating costly pre- 
liminary surveys. such studies, the bare photographs, unassembled 
mosaic map form, will prove helpful showing all those features which 
enter into the consideration locating such lines, not the least being the 
property lines and the roads and trails required for construction purposes 
and for patroling. The stereoscope will solve many questions regarding the 
topography any proposed route. ordinary survey map will furnish 
all this information completely compactly, nor could any surveyor hope 
secure much information any reasonable expenditures cost and time. 

valley canyon presenting series alternative sites for dams best 
studied means aerial photographs. This will save much the ground 
surveying ordinarily required selecting the best site, and the survey the 
latter will facilitated having the aerial photographs available for map- 
ping purposes. These are only few the many uses aerial photographic 
surveying that have suggested themselves. The results obtained the Ten- 
nessee River and elsewhere indicate that the time not far distant when 
aerial photographic surveying will displant many the time-honored methods 
surveying and map making now use. Much being done improve 
aerial and photographic equipment, and great progress may expected, espe- 
cially the modern airplane should superseded type aircraft better 
suited photographic work. 
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HYDRO-ELECTRIC DEVELOPMENTS THE COAST 


SYNOPSIS 


paper deals with the general characteristics power systems the 
Pacific Coast States. short review the historical given, 
including the increase size generators the parallel development 
impulse wheels and turbines, together with the evolution transmission 
lines and line potentials. given the elements design and 
the limitations impulse wheels and turbines, the tendency toward larger 
units and the reasons therefor, and the present stage development other 
parts. the power system. The paper also refers generally the variation 
demand various power systems, annual demand, the 
relation steam plants water-power plants, and the special 
plants irrigation. 


Before discussing some the problems that the generation, 
transmission, and distribution hydro-electric power the Coast, 
review the historical development the art may illus- 
trating its rapid growth and the evolution the design various 
elements. 

The first long-distance transmission energy electricity accom- 
plished Italy 1886, when single-phase current was transmitted miles, 
volts, from the Cerchi-Tivoli steam plant Rome. 1892, the plant 
Tivoli was enlarged the addition four 250-kw., three-phase generators 
line pressure 10000 volts. 

September, 1891, three-phase transmission was installed from 
Frankfort, Germany. This line was 110 miles length and was operated 
volts. 

The first transmissiop system America was that built at, Oregon: City, 
the Willamette 1889. Energy, generated turbine- 
driven, 80-kw., 4000-volt, génerators. was the 
generator voltage, Portland, Ore., miles. develop- 
ment was followed the building several plants the 
West, namely, Ames, Colo., and Pomona, San 

The first plant in. was Mill Calif, 
and placed operation September 7th, 1893, delivering 


Cons. Engr., San Francisco, Calif. 
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The superiority three-phase current over single-phase two-phase 
current was soon realized, having been indicated Tesla, Ferraris, and 
Bradley After the Mill Creek plant been placed 
operation, three-phase systems became the standard. Many plants were built 
the West during the period, 1895-1900. the end 1900, transmission 
lines had reached length miles, from Mill Creek Los Angeles, Calif. 
The highest line potential, 000 volts, was used the Provo-Murcur line 
Utah. 

unnecessary for the purposes this paper recite the details 
the progress, except note that line potentiais were raised, successively, 
the Colgate-Oakland line and the Electra-Oakland line, 
150 miles, 1901; volts the Las Plumas-Oakland line, 155 
miles long, 1908; and 150000 volts the Big Creek-Los Angeles line, 
241 miles, two lines are now being built California operate 
line potential 220000 volts. more detailed historical paper was 
contributed the speaker the International Engineering Congress 

the evolution hydro-electric power systems, the development 
generators striking example rapid growth size and design 
response demand. The first machines were small—only 100 200 
kw.—but the advantage larger units was soon recognized, and such units 
were built, successively, until October, 1895, 730-kw. generators, projected 
1893, were placed operation Niagara Falls. These remained the 
units until 1904, 5000-kw. unit was placed operation 
Sabla, Calif. 1905, 7500-kw. unit was placed service Niagara 
Falls; 1907, four 500-kw. units were placed Stanislaus, Calif.; and, 
1908, four units were installed Las Plumas, Calif. The 
kw. size remained, certain extent, standard for few years, but 1913, 
two units were installed Drum, Calif., and four 500-kv-a. 
units the two Big Creek plants. The units were not exceeded 
the Coast States until 1921, when the units Big Creek Plant 
No. of. 500-kw., began operation. the present 000-kw. 
units are being installed Big Creek Plant No. the Southern California 
Edison Company. The largest units now operation the Coast 
are 000-kw. units Pit River Plant No. the Pacific Gas and 
one unit which was placed September, 
1922. 

Parallel with the development generators and their increasing size was 
that the prime movers, turbines, and impulse wheels. Both these devices 
were service before they were used drive electric generators, but since the 
two have been used conjunction, rapid improvement efficiency, design, 
and construction prime movers has kept pace with the similar 
electric generators and has made the latter possible. 

The original small electric plants serving some small industrial such 
street railroad, mine, factory, have grown, during quarter 


International Eng. Congress, San Francisco, Calif., 1915, Vol. VII, 
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century, large systems serving millions people and with interconnected 
lines extending more than 1000 miles. limit has been reached either 
size units length transmission lines, although line potential 
220000 volts approaching the ultimate practicable pressure possibly 
volts. 


ELEMENTS DESIGN 


previous paper,* the speaker discussed the elements the design 
power plants, and the detail will not repeated here. Some 
reference however, design related the general subject 
hydro-electric systems. 

the paper referred to, the limitations impulse wheels and turbines 
were examined. gap exists between the two, that has not been closed. This 
may stated generally, that impulse wheels, account efficiency 
design, are limited single nozzle each wheel, and each generating unit 
limited two wheels, one each end the shaft. The limiting relation 
between size jet, diameter wheel, and velocity water, when taken 
connection with the other two factors, places maximum limit the size 
units driven impulse wheels. The units Drum, driven 
two single-nozzle, 500-h. impulse wheels 360 rev. per min., under 

effective head 345 ft., and the 500-kv-a. units Big Creek Plant No. 
driven two single-nozzle, 000-h. impulse wheels 375 rev. per min., 
under effective head 1780 ft., represent about the maximum sizes for 
such units those heads. Any larger impulse-wheel-driven units would 
require higher heads, greater number wheels one shaft, more 
nozzles one wheel. The last device, after trials, has practically been dis- 
carded. More nozzles one wheel more than two wheels one shaft 
complicates the governing mechanism, and this has not been solved 
satisfactory manner. 

The turbine prime mover, however, has the defect that not 
applicable small medium sized units kw.), high heads, 
when restricted limiting generator speeds. low-head unit, less than 
200 ft., the turbine the only prime mover for units 5000 kw. and more. 
horizontal shaft units, two runners, and very low-head plants, four 
runners, have been used. medium-head plants (200 single- 
runner turbines are available for most units built the last ten 
years. Examples smaller sizes with single runners are cited Table 


TABLE 
Horse-power Effective head, Speed, revolutions 
Location. turbine. feet. per minute. 
Salmon River 000 245 
Snoqualmie Pluut No. Wash......... 500 860 
Nisqually, 000 425 450 


} 
Transactions, Am. Soc. E., Vol. LXXIX (1915), 1000. 
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The best use for the turbine found the larger sized units installed 
recent years, which the list Table gives some examples low and 
medium sizes units with single runners. 


TABLE 


Horse-power 


Speed, revolutions 


per minute. 


Effective head. 
Location. 


feet. 


Canadian Niagara 000 250 
Shawinigan Falls, 500 225 
Laurentide Power Co., Que 000 

White River, Wash.......... 000 

Las Plumas. Calif......... 000 

Big Creek No. 8..... 500 

Big Creek Plant No. 000 

Pit River Plant: 000 


Thus, with the use larger units, the turbine being utilized under 
higher heads. There reason why turbines built with cast-steel scroll 
should not used under heads 1000 ft., and possibly higher. 
For higher heads, the impulse wheel remains the only prime mover, and, 
therefore, where power station might have large size units, turbines 
could utilized, the use impulse wheels would materially reduce the size. 
limit size has been reached for turbine-driven units. single unit 
000 under construction for Niagara Falls. 

The preceding discussion given illustrate examples the limitations 
turbines and impulse wheels and also the trend present practice. 
units have grown larger, the turbine has usurped the domain the impulse 
wheel for heads 750 ft. The growth size units has coincided with 
the power systems. The principal reasons for this result may 
stated, follows: 


(a) Increased efficiency the unit. 

Relatively less first and operating cost. 

(c) Less cost power building. 

(d) Increased -length and potential transmission lines 
requiring larger charging current capacity single- 
generator units. 

(e) The increased load power systems, with greater total 
generating capacity several interconnected stations, 
allowing larger units used any one station. 


present, the largest single units the West are the two 000-kv-a. 
generators operated single-runner turbines Pit River Plant No. the 
Pacific Gas and Company California. may also 
made use vertical shaft units that now represent type possessing 
many advantages over those with horizontal shafts. The vertical shaft units 
have been made possible the use the Kingsbury bearing, other bearings 
depending the same principle. The entire rotating element, consisting 
the turbine runner, the shaft, and the generator rotor, are suspended the 
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bearing which sustained the top the generator frame spider. 


This bearing has eliminated the use the older solid bearing, the: 
roller bearing, both which required oil under heavy pressure, with the: 


resulting expensive system pumps. 
The principal advantages the vertical unit over the horizontal may 
stated, follows: 


straight draft-tube generally possible, giving 
better discharge and higher efficiency. 

(2).—The turbine runner more accessible. 

(3).—A thrust-bearing not required. 

generator better position for ventilation 
and uniform atmospheric conditions and also 
more accessible for repairs. The rotor can 
from the unit without disturbance other parts. 

(5).—The generator can placed upper floor above 
high water. 


Of: the later the prime movers may mentioned the 
governor-operated, synchronous by-pass impulse wheels, that has replaced 
the older deflecting nozzle, and, turbines, the governor-controlled, direct- 
for operating the turbine gates. Direct-connected, 
synchronous by-passes have been developed the last fifteen years. These 


by-passes obviate, great extent, the danger the penstock turbine 


surges due interruption current.. recent device places the 
rotating element the governor the turbine shaft, thus. eliminating belt 
many later units, the exciter units are direct connected 
the generator, being placed the shaft and replacing the 
older exciter units with their water and electric-motor drives. latter 
not new device, but became possible use the power systems became 
larger. 

Coincident with the development larger turbines has been that 
butterfly pivot valves that are practically water-tight. Valves the 
balanced piston Johnson type, with the pivot-valves, have replaced the 
older gate-valves that became impracticable large sizes under high heads. 

the other aecessories power plants, the developments the last five 
years have brought little change. American-made welded-steel pipe for pen- 
stocks sizes more reliable article than that formerly imported 
from Germany. Conduits are made more permanent, and concrete-lined 
tunnels are replacing the open ditches and timber flumes the past. The 
theory surges pressure conduits and the design surge-chambers and 
their installation the junction conduit and penstock has become regular 
feature power plants the Coast. 

the power plant, transformers, high-tension switches, and bus-bars 
were placed first inside the building. During the last few years, however, 
there has been increasing tendency place this apparatus outside the 
building, especially where line potentials more than volts have been 
This practice, which the Southern Sierras Power Company was one 
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TABLE AVERAGE ENERGY OUTPUT, AND PERCENTAGE ANNUAL MEAN. 


WASHINGTON WATER SounD AND GAS AND ELECTRIC San LIGHT AND CALIFORNIA 
Month. 
Daily average, Per- Daily average, Per- Daily average, Per- Daily average. Per- Daily average, Per- 

January........ 984 96.0 196 330 104.1 964 97.2 778 960 71.8 297 360 78.5 
969 590 94.5 177 020 102.4 857 000 94.5 765 100 70.5 010 70.0 
977 190 95.3 182 710 108.1 806 000 93.4 821 800 76.8 464 890 84.3 
925 190 90.3 187 340 99.0 937 000 96.5 120 112.0 085 780 105.8 
879 980 85.8 041 040 90.8 290 105.0 172 890 108.1 865 560 98.0 
978 94.9 064 120 92.7 430 000 108.5 258 180 116.0 960 118.0 
1011 440 98.7 007 350 284 369 600 126.0 575 122.0 
1112 690 108.6 000 277 000 104.8 360 160 125.2 548 890 121.0 
September..... 076 040 104.9 159 580 101.0 133 000 101.2 193 580 110.0 428 730 117.0 

127 680 109.9 186 970 108.2 048 000 085 760 95.5 855 020 97.5 

155 080 112.7 274 420 111.0 973 000 051 97.0 99.5 

430 108.2 277 890 111.2 974 000 97.4 984 940 90.8 840 93.8 
025 690 100.0 1148 490 100.0 081 000 085 410 100.0 932 
Annual load 

61% 63.6% 52.9% 64% 


q 
7 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


1852 HYDRO-ELECTRIC DEVELOPMENTS PACIFIC COAST [Papers. 


the pioneers, rapidly extending. the new lines the 
Gas and Electric Company, all high-tension apparatus placed 
the open. 

Transmission lines have been increased length and line potential. 
Probably the longest transmission that the Southern Sierras Power 
Company Yuma, Ariz., more than 600 miles. Steel towers and suspension 
insulators have become standard. The long lines, high potentials, and large 
amounts energy transmitted now require large installations condensers 
the receiving end, important element the cost. 


CHARACTERISTICS WESTERN Power 


the beginning, little was known the that enter into 
the generation, transmission, and distribution hydro-electric power. the 
systems extended and wider range industries were supplied with power, 
the characteristics such became better known. The inte- 
grated result load variation, expressed annual load factor, ratio 
between the yearly average and maximum peak load, measures, one way, 
the demands power system. The annual load factors several large 
Pacific Coast systems are given Table 

Another important element the systems, however, the seasonal varia- 
tion energy output demand, which differs widely different systems, 
especially California. The rainless period, extending over about seven 
months, causes the Sierra Nevada streams fall summer small pro- 
portion the average flow. Again, many industries, such those that 
depend agriculture, are subject wide variation power demand, coming 
from irrigation-pumping, fruit-packing establishments, and coincident activity, 
occur time year when the streams are low, and thus require that -the 
power deficiency natural stream flow made stored water 
steam-generated energy. 

Table gives the total energy generated months, but expressed 
daily average for the month, for two companies Washington and three 
California. Purchased energy included, all represents demand 
the company. The year 1921 representing the latest informa- 
tion, and also because, most the systems, there was not much increase 
demand. column percentage departures from the mean added 
express the variation demand. Fig. shows the percentage variation 
graphically. 

There error Table and Fig. 20, the kilowatt-hour output neces- 
sarily contains the increase demand that comes all growing systems. 
This, however, better representation conditions that will prevail for 
considerable time. Attention called the range power demand. Central 
California, represented the San Joaquin Light and Power Company, 
the San Joaquin Valley, community predominantly agricultural, and 
Southern California, represented the Southern California Edison Company, 
have greater annual variation energy output than the companies 
Northern California Washington. The examples are given representing 
Pacific Coast conditions and what may anticipated elsewhere under 
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similar conditions. should noted that the system peak does not neces- 
sarily occur the month maximum energy demand. The systems discussed 
serve large variety industries, which mining and agriculture comprise 
fairly large part. Lighting requires relatively small part the energy sold. 


OUTPUT 
PERCENTAGE THE ANNUAL MEAN 


Washington Water Power Company 
——o——o- Puget Sound Power Company 
Pacific Gas & Electric 
oe San Joaquin Light & Power Company 
California Edison Company 


Percentage Mean 


Feb. Mar. Apr. May Aug. Sept. Oct. Nov. 


20. 


Increase Demand.—The development hydro-electric power during the 
last ten years has been firmly established basis. possible take the 
records growth for that period and determine with reasonable certainty 
rate growth that will enable one forecast the future demand for ten 
fifteen years come. Different localities exhibit strikingly different rates. 
Again, the rate increase demand has not been uniform over the last ten 
years, due largely the World War and the resulting industrial changes. The 
average rate, expressed annual compounding rate, over the entire period 
will give fairly good index future growth. Table given show 
conditions California, where the rate for the State 11.1 per cent. 

Table shows increase nine years, follows: 


000 493 000 000 kw-hr., or, approximately, 
134% which 9.9% compounded annually. 
Steam.—From 334000000 1124600000 kw-hr., or, approximately, 
237% which 14.4% compounded annually. 
158% which 11.1% compounded 
also shows that the steam output ranged from minimum 15.2% 
maximum 36.2% the total output. 
examination Table which was prepared Markwart, 
Am. Soc. E., shows wide variation power demand from year year. 
Similar tables show for Northern California annual compounding rate 
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6.96%; for the Pacific Gas and Electric Company, rate 7.44%; for the 
Great Western Power Company, 7.07%; and rate about 18% for Southern 
California. 


TABLE OUTPUT FROM WATER AND STEAM, 1911 
1920, INCLUSIVE, FOR STATE CATIFORNIA, BASED RAILROAD 
COMMISSION RECORDS FOR ALL PUBLIC UTILITIES, INCLUDING .CITY 
Los ANGELES AND OTHER SMALLER MUNICIPAL PLANTS. 


STEAM. TOTAL. 


Steam, 
percent- 
Millions Millions Percent-| age 


Percentage 
kilowatt- increase. kilowatt- age total. 


Year. 
Percentage 


increase. 


hours. hours. hours. increase. 

148.0 7.0 445.0 598.0 14.0 28.5 
1913 263.9 10.6 57.2 979.1 23.8 
746.0 38.1 50. (Dec.) 102.3 6.2 16.9 
816.8 4.1 10.7 5.2 17.8 
9.6 9.5 (Dec.) 349.3 6.2 15.2 
254.3 5.2 710.7 43.4 965.0 12.4 24.0 
241.8 0.6 (Dec.) 993.6 89.8 234.9 9.1 
493.0 11.2 1124.6 13.2 617.6 11.8 
Total in- 

crease 425.0 134.0 790.6 237.0 158.0 


might questioned whether this rate growth temporary only 
and whether the market will not soon saturated. The only way which 
ascertained was examine the rate increase population 
the United States and compare with the growth standard industries, 
all expressed compounding annual rate. These statistics are given 
Table 10. 


Compound annual 
Item. Period. percentage rate. 

Population United States...... 1900-10 1.95 
Coal produced...... 1900-09 8.78 
Steel and iron produced 1900-10 8.60 
United States manufacturing. 1904-14 5.06 
Post Office Revenues 1900-10 8.16 


From Statistical Abstract. 


will noted that even the old established industries the annual com- 
pound rate incréase from three four times the similar rate increase 
population. 
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The deductions from the study are that, for long time come, the power 
demand the Pacific Coast may expected increase annual com- 
pounding rate from 7%, and much more some localities. 
probable that 1930, the annual energy output California, will exceed 
000 000 000 kw-hr. 


proper appreciation the relation the steam plant the water-power 
plant has arisen with the development power systems. might seem 
first that when sufficient amount generating capacity the water-power 
plant had been built, there would need steam plant. Circumstances, 
however, have determined otherwise. Everywhere the Pacific Coast, the 
plants are situated the mountains, more less remote from 
the cities. Possibly the only exception Spokane, Wash., where the Falls 
the Spokane River within the city makes unnecessary for the Washing- 
ton Water Company carry any its load steam. The opposite extreme 
found California, where transmission lines are 150 250 miles long from 
power plants load centers. Steam plants, located large cities, have 
been built, either safety reserves furnish part the energy. 

The functions the steam plant, acting its proper relation the hydro- 
electric plants, may segregated under five general divisions: 

some cases, San Francisco, due partly the situation, the steam 
reserve carried the Pacific Gas and Company exceeds 75% the 
load. 

generate substantial portion the energy output. Fuel costs 
are such, however, that, with the average installation prices hydro-electric 
systems, energy can developed cheaper water than fuel. California, 
however, the abundance cheap fuel oil the past, ranging price from 
cents per bbl. the plant, equivalent good coal $2.50 per ton, 
resulted the building numerous large steam plants. The capital charges 
per kilowatt were considerably less and the energy costs were also less. The 
time low priced oil passed, and power companies found their energy costs 
suddenly raised. This has resulted extensive program hydro-electric 
development. With oil per bbl. more, steam-generated energy too 
costly. 

generate energy carry some the system load over period 
when all the water-power plants are loaded and before the demand increases 
point where the large initial cost modern water-power plant 
justified. 

generate energy years extreme low water. 
rule, can built equalize stream flow during most years, times, 
season occurs when the stream flow much below normal. such cases, 
the makes the deficiency. 

carry fair proportion the peak load. one respect, this 
the most important function the steam plant. The longer the transmission 
line, the more important does this function become. The maximum peak load 
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year occurs only once and may last for only hour. Other peak loads 
other days months are not great. dependence placed the water- 
power plant alone, all equipment, including long transmission lines, must 
installed carry power peak, the energy content which negligible. 


this case, the steam plant can arranged carry from 25% 
the peak, without generating great amount energy. This arrangement 
beneficial many ways. saving capital costs regulating reser- 
voirs, penstocks, hydro-electric generating units, and transmission lines, 
raises the load factor such plants and the steam plants places the units 
service each day. many cases, the power factor the system raised 
the operation the steam plant generators. 

The characteristics each power system and the price will de- 
termine the amount peak load carried and the energy generated 
each type plant. The peak carried steam will range from 
25% the total. The energy output will depend the shape the peaks 
and the relation the maximum peak other average peaks, and may range 
from 10% the annual energy output the system. Thus, the 
average system the West, the daily load factor the water plants can 
raised from about 60% from per cent. The daily load factor 
the steam plants will low, ranging from per cent. 

diagram, Fig. 21, daily load curve, divided between steam and 
water plants, given illustrate this subject. 


Trrigation practiced many parts the Coast and produces 
hydro-electric systems the excess power demand summer. 
many cases, especially California, the same stream that furnishes power, 
used for irrigation after reaches the valley lands. Practically, all the 
important rivers that descend each slope the Sierra Nevada are thus used. 

There apparent conflict between the two uses water. Power de- 
mands fairly uniform flow throughout the year. Irrigation demand varies 
between wide limits, ranging from some months much 
22% the total seasonal quantity used.. During two three months 
the year. there irrigation, and then reservoir gates are closed store 
water for the next year. 

The solution this problem found the difference reservoir loca- 
tion. Power requires that water stored near the head-waters rivers, 
order take advantage much head possible. For irrigation, how- 
ever, the reservoirs are needed near the exit the river from the mountains, 
order obtain the greatest tributary water-shed. Whatever water re- 
leased from power storage reservoirs during the irrigating season benefit 
irrigation, passing directly the lands. Water released for power during 
the non-irrigating season can retained the irrigation reservoir for use 
the next season, and thus insures against failure irrigation water for 
possible future deficient flow the stream. The irrigation reservoir be- 
comes, effect, re-regulating reservoir, changing the stream from the char- 
acter given power regulation one serving irrigation. 
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These general relations are illustrated Fig. shows hydro- 


graph typical California stream, power demand curve, and irriga- 
tion demand based conditions Central California. fixed rule 


the amount and variation demand for power, and the amount irriga- 
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secondary relation between power and irrigation occurs hydro-electric 
plants built adjuncts irrigation reservoirs. High dams are being built 
irrigation storage reservoirs, and this makes possible the development 
some power. the water used subject the irrigation demand, the energy 
output varies widely. times during the peak the irrigating season, 
very large amount power available, but the duration this output 
short, possibly one two months, there can sale for the maximum 
amount. Possibly one-third would represent fair proportion the maximum 
possible power developed. After the irrigation peak has passed, the 
power falls off rapidly, owing decreased irrigation demand and decreasing 
head the reservoir. 

These special characteristics make the sale such power difficult prob- 
lem. used the irrigation district, that organization must build steam 
plants carry the load during the non-irrigating season. the power 
sold the nearest power system, that system must capable absorbing 
the block summer power otherwise cannot purchase the power. Each 
case must considered itself. 

case point occurred connection with the Merced Irrigation Dis- 
trict Central California. planning the works that district 186 000 
acres, the speaker planned reservoir with capacity 250000 acre-ft. the 
Merced River. The dam, about 300 ft. high, made possible power plant 
kw. and the sale the energy the San Joaquin Light and Power 
Company. The load curve that Company permitted the absorption 
this special block energy, because the pumping water for irrigation 
large part its summer load, and this coincided time with the delivery 
from the plant the Irrigation District. Thus, net revenue was 
made possible for the Irrigation District sufficient pay the fixed charges 
the cost reservoir and power plant, amounting more than 000 000. 

the development hydro-electric power systems the Pacific Coast 
States many changes have been brought about. These changes are the joint 
product the civil, mechanical, and electrical engineers. rule, most 
the expenditure comes under the control the civil engineer, but the engi- 
neer charge any system must have fair knowledge all the prob- 
lems involved. The speaker must express high degree appreciation 
the mechanical engineers who have perfected the modern American impulse 
wheels and turbines and the electrical engineers who have designed and 
built the high efficiency and mechanically perfect generators, transformers, 
switches, and other parts that are part the complicated power plant. 
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HIGH-VOLTAGE PHENOMENA ENCOUNTERED 
POWER TRANSMISSION 


Harris Ryan,* Esq. 


Electrical power transmission fundamentally involves the the 
following: 


proper cross-section conductor accommodate the requisite 
current. 
adequate non-conducting support and submerging medium for the 
transmission conductors, that will withstand the application the 
“necessary high voltage without appreciable leakage current, that 
is, adequate system insulation. 
stability voltage values. 


The provision conductor proper cross-section economic con- 
sideration and gives rise few practical technical difficulties. Under the 
usual schedule costs, the most economic section copper conductor per 
ampere, never much more than that No. gauge wire. Such 
conductor weighs per mile and has resistance about ohms per 
mile. follows, therefore, that the weight the copper conductor about 
lb. per ampere per mile, and the corresponding voltage required supply 
the power lost such conductor 35. This value volts that must 
lost economically copper transmission line, fundamental. 
power conductor-transmission efficiency, therefore, can never vary greatly from 
- Ey 
wherein the voltage ground used for transmission, 
and the distance, miles. 

The total economic cost power transmission due the conductor alone 
the sum the existence cost attached the conductor section and the cost 
the conductor electrical loss. The fundamental relation transmission 
voltage, distance, and conductor-transmission cost, is: Total conductor trans- 
mission costs vary directly the transmission distance and inversely the 
voltage. 

Whenever practicable, the relation transmission-line voltage trans- 
mission distance about 1000 volts per mile three-phase cireuit (575 
6.1%, and total conductor-transmission cost, therefore, 12.2 per cent. 
Under this allowance working voltage, water power has been developed 
during recent years intermediate amounts for single projects 
200 000 kw. and transmitted profitable markets over correspondingly in- 
termediate distances 100 250 miles, using voltages from 000 165 000. 

The economic conditions the Pacific Coast and other sections the 
United States now demand the use all outstanding water 
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volts from conductor neutral). This results power loss 100 
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powers and the transmission power profitable markets. Individual pro- 
jects involve the development blocks power varying from 250000 
1000 000 kw., more, transmitted for the greater part, over distances 
from 250 500 miles more. 

When active preparations for the first these large modern projects were 
begun 1919, was realized that voltages higher than those use that 
time would have employed insure economic and practical success. The 
technical difficulties involved would have solved, and the whole subject 
power transmission would have studied with respect the available 
technical expediencies and practical options every kind, order that the 
next advance voltage might made advisedly for the general mobilization 
all sources power. During the past three years, much work has 
been done power-transmission engineers co-operating for the interests they 
represented, and committees the National Electric Light Association and 
the American Institute Electrical Engineers. The result this effort has 
been the virtual adoption common consent 220 000 volts and the develop- 
ment dependable line insulators, transformers, and switch-gear required 
for the application such voltage. 

Many arguments for and against the adoption 220000 volts have been 


considered. The majority these arguments, although often the cause of. 


much controversy, are little importance. There are three inter-related 


factors, groups factors, which the final decision largely due, 
follows: 


transmission, such, demands the highest available 
working voltage. 

voltages are extravagant space, demanding liberal air-space 
clearances adjacent all insulator supports 000 volts per ft., for example, 
ft. minimum for the use 127000 volts ground occurring 
220 000-volt transmission. 

the transmission given amount power, the idle re-active 
power required maintain the electric field attached the transmission cir- 
cuit positive and increases directly the square the transmission voltage; 


the corresponding magnetic field negative and increases inversely the 


square the transmission voltage. 


The nature Factor will understood when recalled that power 
costing 0.2 cent per kw-hr. the large power plant will cost approximately 
equal amount transmit 300 miles, using 220000 volts, profitable 
100 (35 300) 
per cent. Elevating the voltage, therefore, can effect reduction only 
one-fifth part the transmission cost and must simultaneously encounter 
increased account Factor and greatly increased costs account 
Factor 

Factor the effect the cost transmission, due necessary linear 
increasé clearances air, oil, and solid insulations, with corresponding 
increase line voltage. Tower structures, transformers, and switch-gear are 


market. The corresponding conductor part this cost 
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had, therefore, fair unit costs only when the magnitude power trans- 
mitted sufficiently great per circuit 200 000 kw.), otherwise the 
saving conductor-transmission cost rendered value the 
panying increased cost auxiliary equipments. 

Factor affects plant capacity (that is, the power factor) and voltage 
control. When capacitance and inductance are connected series the 
electric circuit, they consume correspondingly positive and negative re-active 
powers the production opposing voltages that are lagging leading 
quadrature with the electric current. the re-active powers thus consumed 
are equal, the corresponding voltages produced are equal and opposite. Their 
resultant zero. The conductor-transmission power factor remains unity. 
When such inductances and capacitances are connected parallel with the 
electric circuit, opposing currents instead voltages are set up. the re- 
active powers thus consumed are equal, the sum their corresponding currents 
zero. The net result substantially the same the preceding case. If, 
however, inductance connected series with the circuit and the capacitance 
parallel, the case the long transmission circuit, the inductive 
magnetic and the capacitive electric re-active powers are consumed 
setting corresponding voltage and current. They are unlike components 
re-active power and cannot added directly without the one being first 
transformed the form the other. 

The most practical transformer for this purpose the so-called synchronous 
condenser. should more properly called the re-active alternator 
may made will accept quadrature leading lagging current from the 
transmission line any point proper adjustment field excitation. 
the discussion that follows, assumed that re-active alternators suitable 
negative kilo-volt-ampere capacity are connected across the transmission line 
intervals about 150 miles, requisite facility for mixing route through 
the transmission line the opposing electric and magnetic re-active powers con- 
sumed the line, have transmit the aggregate only the resulting 
re-active power residual and maintain constant line voltage and power 
factor, proposed recently Baum, Am. Soc. E.* 

100-mile, 110 000-volt, three-phase, 60-cycle, 200-kw., power-transmis- 
sion circuit requires equal and opposite re-active powers 700 kv-a. each) 
maintain the electric and magnetic fields attached such circuit. This 
circuit, therefore, will have conductor-transmission power factor unity. 
For these power-transmission values, Factor III the cause difficulty. 
Unfortunately, when the power transmitted fixed amount, the re-active 
power required for the electric field increases directly the square the 
transmission voltage and for the magnetic field, inversely the square such 
voltage, and each increases directly the transmission distance. Thus, 
increasing the voltage from 110000 the case cited, the excess re-active 
power required for the maintenance the electric field over that opposi- 
tion required for the corresponding magnetic field, increases with great 
rapidity, causing corresponding reduction power factor and voltage 


Regulation and Insulation for Large Power, Long-Distance Transmission Sys- 
tems”, Transactions, E., Vol. (1921), 1017. 


j 


1862 HIGH-VOLTAGE PHENOMENA POWER 


stability. Only increasing the power transmitted per circuit can this excess 
electric re-active power limited satisfactorily. 

Taking the values the case cited units for comparison the electric 
and magnetic re-active powers required for other values line voltage, 
the voltage, will occur 110 000-volt units, the distance, 100-mile 
units, and the power, units, the values the opposing re- 


active powers required maintain the fields attached the transmission cir- 
cuit, are: 


equating these values the electric and magnetic re-active powers, the 
corresponding relation the values power and voltage the units adopted 
found be: 


follows that the power per circuit must increase the square the 
voltage, order transmit full-load, conductor-power factor unity. 
Three these corresponding voltages and powers are, follows: 


Power transmitted per three- 
Three-phase phase circuit, required for 
line voltage, aconductor-power factor 


seen, therefore, that the voltage raised above 220 000, the magni- 
tude power per circuit required for conductor-transmission power factor 
unity quickly becomes excessive. follows, therefore, that 60-cycle, alternat- 
ing, transmission voltages cannot used values much more than 220 000 
without serious loss the power factor and corresponding increase the 
non-productive capacity the synchronous machinery required maintain 
the high electric fields that inevitably attach high voltage. 

The curves Fig. have been determined show the approximate 
tions between magnitudes 60-cycle power transmitted per circuit, residual 
re-active powers, and line voltages, for distances 250 and 500 miles. 

the frequency was lowered from cycles, each the opposing 
re-active powers would reduced about 40% their former values, per- 
mitting corresponding increase transmission voltage from 220000 
350 The saving conductor economy thus effected would offset 
largely imcreased costs transformers, switches, and the greater clear- 
ances required for insulation, that the gain would uncertain. common 
consent, therefore, reduction frequency has been proposed for the large 
power projects and for the nation-wide power network. 

The curves, Fig. 23, show likewise that transmission voltage 
would unduly high for the satisfactory transmission power magnitudes 
much less than 100 000 kw. per circuit, again, because the relatively exces- 
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sive values re-active power required charge the fields surrounding 
the conductors. 

The conclusion reached, therefore, that the best transmission voltage for 
the establishment the general power network 220000 cycles. With 
such voltage, power can transmitted with practical satisfaction over 
distances from 200 500 miles more. 
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POWER, REACTIVE POWER 
UNIFORM 60-CYCLE LINE VOLTAGE 


AND DISTANCE 


open mind should maintained toward the possible availability the 
future, high continuous voltages 500000 more. Responsible manufac- 
turers are engaged the solution this problem. They propose use con- 
tinuous high-voltage currents rectifying alternating, three-phase, high- 
voltage currents their source and resolving them into low voltage, three- 
phase, alternating currents for distribution their markets, with electron 
valves for each transformation. does not appear likely that such continuous 
high-voltage currents will ever replace alternating high-voltage currents the 
general power network. does appear quite possible, however, that, the 
future, they may used for trunk-line connections between the large centers 
power and the markets that have been consolidated the general network. 

The foregoing are the more important the useful high-voltage actions 
found the electrical power industry.. There are also the non-useful 
predaceous high-voltage phenomena that occur power-transmission cir- 


cuits due accidental causes. The causes most predatory high-voltage 
phenomena are: 


Fig. 23. 


Over-voltages from within the transmission circuit, due to: 
short circuits. 
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between circuit terminals and from some point the cir- 
cuit the ground. 

4.—Engine turbine-generator runaways. 

5.—Resonance. 


Over-voltages from without the circuit, due to: 


6.—Lightning, rarely from direct stroke, generally through the release 
bound charges. 


Corona formation, due to: 


7.—Use conductors that are too small prevent over-stresses the 
adjacent- atmosphere, permitting escape power. 


Conductor supports through: 
8.—Depreciation and failure line insulators. 
Space factors causing: 


from conductors towers, cross-arms ground cables 
not due over-voltages: 


(a). Accounted for through tangible evidences, for example, 


such flash-overs may caused the surfaces 


lators being covered with salt-laden dust and, later, 
wetted with fog, mist, rain, circumstance that 
likely develop accounted-for flash-over. 

(b). infrequent, and now under searching 
investigation. 

Most these enemy phenomena have been studied successfully, and their 
characters and the elimination the troubles they cause are now thoroughly 
understood. Suppression corona losses conductors proper dimensions, 
the nearly total suppression flash-overs and short circuits the proper con- 
struction insulator and other conductor supports, and the high insulator 
durability have been accomplished. The causes failure transmission 
lines due flash-over and other predatory phenomena listed, generally occur 
singly, both time and location. The power-service interruptions which 
they produce, have been reduced working minimum means double 
transmission lines and switching stations located intervals miles 
and equipped with automatic switches that isolate the line section trouble, 
and care construction, operation, and maintenance. 

regard predatory high-voltage phenomena occurring power trans- 
mission, much the same rule applies other lines service, namely, 
eventually everything that can happen, will happen. For this reason, engineers 
responsible for the reliability power service are devoting much study now- 
adays every known form electricity action high voltage, order 
establish foundation which erect understanding the cause and 
prevention all electrical accidents failures that occur power-trans- 
mission practice. 
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GROWTH THE USE ELECTRIC POWER SOUTHERN 
CALIFORNIA AND PROBABILITIES ITS FUTURE 
GROWTH WITH REFERENCE SOURCES 
HYDRAULIC POWER 


Southern California supplied with electric power five companies, 
namely, the Southern California Edison Company, the Southern Sierras Power 
Company, City Los Angeles, the Los Angeles Gas and Corporation, 
and the San Diego Consolidated Gas and Electric Company. The last two 
steam for primary power. The Edison Company serves 
territory equal the entire area the States Vermont, New Hampshire, 
Connecticut, Rhode Island, New Jersey, and Delaware, supplies 65% the 
power used Southern California, and must depended for 90% the 
hydro-electric power yet developed inside the State for the use South- 
ern California. Therefore, description the growth the Southern Cali- 
fornia Edison Company and the use which its power put, together with 
deductions from its extensive plans for future development, will typical 
Southern California. 

interesting note that, during the period from 1900 1920, the 


represented the ten counties served the Edison Company has 


increased more than 300 per cent. Parallel with this phenomenal growth, the 
Edison Company has increased its generating capacity from 12000 
1900, 380 000 h.p., 1921. has increased the number kilowatt-hours 
generated from 379 900 000 1910 1079 000 000 1921. The number 
consumers during the same period has increased from 276000. The 
details are given Tables 15, inclusive. 


REPRESENTED THE SOUTHERN Epison 


Percentage, annual 


Steam and growth. 
Water power. purchased power. Total. 
1910 253.8 126.1 879.9 14.5 
1911 279.3 162.9 442.2 16.2 
1912 250.3 272.9 18.2 
1913 281.5 590.8 
1914 518.3 117.0 635.3 
1915 555.9 103.7 659.6 4.0 
1916 639.1 61.1 700.2 6.0 
1917 608.6 151.7 746.8 6.2 
1918 608.6 204.5 813.1 8.7 
1919 564.9 926.1 14.0 
1920 627.5 977.7 5.0 
1921 882.6 246.5 1079.1 10.4 


Constr. Southern California Edison Co., Los Angeles, Calif. 
Executive Engr., Southern California Edison Co., Los Angeles, Calif. 
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Figures Given Millions Kilowatt-Hours. 


Year. Total Lighting. Railroads. Cement mills. Industrial. 
1911 44,1 72.0 207.6 8.9 
1912 431.5 50.9 90.5 217.4 87.2 35.5 
1913 490.9 59.1 111.0 236.7 42.8 41.3 
1914 494.9 68.2 102.0 
1915 513.7 74.4 107.0 248.6 30.4 53.3 
1916 88.5 110.0 247.8 29.6 61.0 
1917 631.5 86.9 129.0 262.3 36.9 116.4 
1918 685.9 83.5 150.0 268.5 31.7 152.2 
1919 759.6 94.9 162.0 252.3 28.0 222.4 
1920 844.5 117.8 168.0 277.5 54.7 
1921 917.7 187.6 176.6 271.4 54.4 


ALL THE Systems Now THE SOUTHERN 
Epison Company. 


NUMBER PLANTS ADDED: 


Water power. Steam power. 
1915-1917 1 2700 


ULTIMATE DEVELOPMENTS. 


Static head, feet. Installed horse-power. 
Power House No. 130 000 
Power House No. 860 and 400 387 000 
Power House No. 8.............. 855 200 000 
Power House 840 000 
Power House 480 000 
Power House No. 650 147 000 
Power House No. 000 
Power House No. 180 000 


House No, and 30000 Power House No. 


The five major uses which this electrical energy being applied are 
lighting, agriculture, railroads, cement mills, and manufacturing. The light- 
ing use consists municipal well private and incandescent lighting; 
the agricultural use consists chiefly pumping for irrigation purposes; the 
railroads use more than 000 kw-hr. operate the local city lines and 
interurban system, extending all directions from Los Angeles; three cement 
mills account large amount used power each year; and the manufac- 
turing use includes more than eighty industries. 
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ULTIMATE DEVELOPMENT. 


Total head, feet, through 
Name reservoir. Capacity, acre-feet. which water may used. 


Vermilion Valley 000 914 
Jackass Creek 000 474 


The relative magnitude the different classes business may shown 
from the connected load for each class. The total connected load the Edison 
Company 800000 h.p., and subdivided follows: 


account the diversity its use, this total connected load 
h.p. served maximum simultaneous plant output only 320000 
This diversity results from the alternating requirements agriculture, indus- 
trial and domestic service, and the extent the territory served. 

Agriculture bound expand, and although the Edison Company supplies 
the power for irrigating 550 000 acres land, there yet remain the territory 
served more than acres capable being irrigated pumped water. 
The 300 kw-hr. used yearly irrigating acre arid land, raises the sale 
value the land from $30 $225 and yields annual return $50 $100 
crops. Consideration this fact leads the conclusion that the use 
power for irrigation requirements will expand until every available 
acre for which there water will brought into cultivation. 

Modern conditions demand electric service for farm, home, and factory. 
Domestic consumption, which depends population, will increase rapidly 
long new appliances continue make power more and more necessity 
the home. Certain railroads Southern California will electrified when 
the increasing consumption fuel oil again overtakes the supply. 

Electricity is, therefore, the motive power which the industries 
California depend—agriculture, manufacturing, and transportation cannot 
forward without adequate supply electric power. The demand for power 
increases proportion the growth and expansion these industries. 

Based past performances the growth electric power production 
(Table 11), that the rate has been annually compounded increase 
approximately per cent. With continuation this rate growth, 
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estimates the load have been prepared, which indicate total load 1935 
more than 1000000 additional capacity about 50000 h.p. per 
year now required. 

The water power plants the San Antonio Light and Power Company, 
the San Antonio Creek, the Redlands Light and Power Company, Mill 
Creek and the Santa Ana River, and the steam plant the West Side Lighting 
Company, Los Angeles, represent the beginning the composite system 
now known the Southern California Edison Company. These early plants, 
operating the Nineties, were among the first the generation so-called 
high-tension transmission power, not only Southern California, but the 
United States. 

This harnessing the small foot-hill streams comparatively close Los 
Angeles, utilizing the water came, without storage, was the source, 
the early days, power supply. the load demands became larger, 
was necessary farther away for the power until, 1913, the initial 
the well known Big Creek project was completed. 

order meet the future demand, comprehensive survey has been made 
the potential power available and construction program adopted covering 
the development more than 260000 h.p., 1120000 h.p. which the 
San Joaquin River, 80000 h.p. the Kern River, and 21000 h.p. the 
Kaweah River. This program expected take care the needs the 
service for the next few years, and will put into effect not only the most 
economical way, but also the order and the necessary amounts which 
best supply the load demand. 

This plan construction already effect the San Joaquin River 
and its tributary, Big Creek. The initial units were built Big Creek, 
about miles east Fresno, Calif. These plants consisted Huntington 
Lake Reservoir, with storage capacity acre-ft., elevation 
approximately 000 ft., supplying, successively, Big Creek Power Houses Nos. 
and each with installed capacity h.p., operating under static 
heads 2130 ft. and ft., respectively. The current was transmitted 
Los Angeles, distance 241 miles, volts, over two, 
transmission lines, terminating the large substation Eagle Rock, near 
Los Angeles. 

These power-houses and transmission lines were placed operation 
and represented investment about This initial installation 
h.p. itself was large undertaking, but was only the beginning 
the ultimate development the San Joaquin River, which will 
250 000 h.p. 

The general plan for developing this great source hydro-electric power 
consists the construction chain power-houses series between 
Huntington Lake, with elevation 7000 ft., and the tail-water Big 
Creek Power House No. with elevation 1000 ft. This power- 
the order their location, beginning Huntington Lake, will 
consist Power Houses Nos. and Water from Huntington, Lake 
may also conducted proposed second storage reservoir known Shaver 
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Lake, 146 000 acre-ft. capacity, and its passage between the two reservoirs, 
will through Power House No. From Shaver Lake, the water will pass 
through Power Houses Nos. and 
addition these power houses using the stored waters Huntington 
and Shaver Lakes, two other power sites, not using these stored waters, will 
developed. One these, known Power House No. located the 
middle fork the San Joaquin River, offers ultimate development 
40000 h.p., under head 1900 ft. The other, known Power House 
No. located the main San Joaquin River above its junction with Big 
Creek, capable development 147 000 h.p., head 1650 ft. The 
principal hydraulic features the project are shown Fig. 24. 
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Huntington Lake now supplied exclusively from Big Creek, with 
drainage area sq. miles. order increase the water supply Hunt- 
ington Lake, the development program includes the construction Florence 
Lake Tunnel, 13.5 miles length, capacity 1000 sec-ft., which will 


7000 
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tap the Upper San Joaquin Florence Lake and expected completed 
April, 1926. Through this tunnel, the waters the south fork the 
San Joaquin River, together with Mono and Bear Creeks, will diverted 
into Huntington Lake. Later, reservoir capacity acre-ft. will 
provided Shaver Lake. tunnel connecting Huntington Lake with 
Shaver Lake will built, that the combined capacities those lakes can 
used storing the excess waters delivered through Florence Lake Tunnel. 
Complete utilization this water will produce 750000000 kw-hr. per year, 
representing value more than annually. 

Following its proposed construction program, the Edison Company has 
completed the first unit Power House No. added third unit 
21500 h.p. Power House No. raised the dam Huntington Lake, 
and enlarged the capacity the Eagle Rock Sub-Station. The investment 
the San Joaquin River development has now increased $22 835 000, with 
installation 137500 h.p. 

Work now progress Power House No. which will have initial 
capacity 100000 h.p. This plant will completed 1923. addition, 
third unit 21500 h.p. will installed Power House No. and the 
voltage the Big Creek transmission line will increased 220 000, thereby 
doubling its capacity. 

The Edison Company will expend more than $27 000 000 during 1922 for 
new water-power plant construction and additional distribution facilities. Its 
plans call for the addition 322 000 h.p. during the next years, which will 
require expenditure more than $125 000 000 for its production and 
distribution. 

addition the program development the Edison Company, the 
Southern Sierras Power Company and the City Los Angeles also have 
developed water powers and plans for future water-power construction. The 
Los Angeles Gas and Electric Corporation and the San Diego Consolidated 
Gas and Electric Company, except for some small water-power projects, rely 
steam-generated power for both present and future needs. 

Among these central stations, the most important possibilities are those 
the City Los Angeles along its aqueduct. The ultimate capacity the 
aqueduct plants given h.p., which h.p. will have been 
placed operation the end 1923. 

all the present plants the City Los Angeles are situated 
hydraulic drops along the aqueduct, they utilize conduits which would built 
for Water Department purposes even power was produced, and 
the minimum hydraulic construction has been necessary. This fact, and 
the short distance transmission, has resulted the cheapest power that 
ever can expected Southern California, condition from which the City 
Los Angeles derives the full benefit. The City authorities have filed also 
sites King and Kern Rivers for large amount power, concerning 
which published information available. 

future plants, should noted, both connection with the 
Angeles Aqueduct and King and Kern Rivers, that the cost must include 
the full amount the hydraulic construction and long-distance transmission. 
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The total power possibilities the Southern Sierras Power Company 
aggregate about h.p., which approximately h.p. opera- 
tion delivering power Nevada, Owens River Valley, Riverside, and San 
Bernardino Counties, and the Imperial Valley. 

There remains the future power supply for Southern California and, 
releasing the San Joaquin power the northern part the State, for 
the whole California, pro rata part the h.p. the Colorado 
River. Although much discussion has been given this topic, there has not 
been time nor the necessity make the careful investigation needed 
prepare adequate plan for utilizing the resources the Colorado. There 
great temptation start such project scale that the available 
market cannot immediately support. What should possibly looked for first 
how large development can made, but with how small develop- 
ment can start made. Knowledge this stream should increased 
during the next few years, and the inception practicable plan devised for 
its initial and ultimate utilization, not the basis benefit any one 
organization interest, but manner whereby the public interest 
whole can most adequately served. 

The power industry has fully met the demands for electrical energy 
Southern California from the beginning commercial generation and trans- 
mission. The present companies this field have definite, comprehensive 
plans meet the increasing demand for few years, and, the appropriate 
time, must prepared undertake the development the Colorado River 
for general service the entire Southwest. 


' 
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HYDRO-ELECTRIC POWER DEVELOPMENT 
RELATED THE 
ELECTRIFICATION RAILROADS 


The title this paper may lead the assumption that cheap and abundant 
hydro-electric power itself would justify the electrification steam rail- 
roads. the writer’s opinion, such assumption would incorrect. The 
electrification steam railroads, thus far, least the United States, has 
come about more largely from causes other than cheapness electric power. 
The necessity avoiding smoke and steam tunnels and other restricted 
places, and the need increasing the capacity tracks other terminal 
facilities have generally been the determining factors which have brought 
about electrification. However, not improbable that conditions this 
respect may change; doubtless, increase volume railway traffic and the 
known economies electrification will tend increase the use electricity 
for the operation railroads localities where cheap and reliable hydro- 
electric power available. 

Something more than mere showing economy will necessary 
bring about change from steam electric operation railroads. 
cation will involve large increase invested capital, and, the same time, 
the retirement many facilities which would not needed with change 
power. Under the many adverse conditions with which the railroads 
this country have contended the past few years, their financial credit has 
been impaired; only few them have surplus earnings available for 
improvements, and the additional capital necessary therefor cannot readily 
and cheaply obtained. Under the accounting rules the Interstate Com- 


Commission, the cost facilities which are retired must charged 


profit and loss; such charges would quite large, would undesirable, 
and would have much the same effect they were charged operating 
expenses. 

The admitted economies electrification have contend with constantly 
increasing efficiency steam locomotives. Much study has been given 
steam locomotive design with view greater efficiency superheaters, stokers, 
better water, and many other appliances have made the modern steam locomo- 
tive much more efficient and reliable prime mover than generally supposed. 
This, together with the revision gradients, additional and better facilities, 
and improved methods operation, tend constantly reduce the margin 
economy which would justify electrification. 

Electrification has some outstanding advantages which probably never can 
equalled steam operation. Some these advantages are the longer 
continuous operating periods possible with electric locomotives, their greater 
power single units, with less destructive effect rolling stock and track 
than steam locomotives, the elimination coal and water facilities, and the 


reduction the number engine terminals and the delays occasioned thereby. 


LLL 


DEVELOPMENTS AND THE RAILROADS 1873 


evident that these and all other advantages arising from electrification 
will vary with each particular railroad and for different points the same 
railroad, and must weighed against all the factors affecting the cost 
steam operation, reducing gradients, and increasing track and other 
facilities cheapen present steam operation, and, lastly, the increased 
investment cost electrification, including the retirement charges facilities 
that would retired. evident, therefore, that the cost electric power 
only one many factors entering into the problem, but the more reliably 
and cheaply electric power becomes available, that extent will prove 
favorable factor electrification. the extent that power 
more readily available, more reliable, and cheaper than steam-generated power, 
the same extent, approximately, will more important factor. Even 
so, this time does not appear probable that the change from steam 
electric operation would justified for existing railroads, except where the 
volume traffic large, where can moved large units for long dis- 
tances, where fuel costs are high, and where operating costs due adverse 
gradients and congestion track and other facilities make steam operation 
somewhat more than ordinarily expensive. 

Wherever the determining factor for the electrification steam railroads 
has been the need avoiding smoke tunnels densely populated terminals, 
increasing the capacity tracks other facilities, the insistence the 
demand for the change has been great, rule, that the cost power 
has been only minor factor. Generally, such cases have involved only 
restricted areas and have left much larger areas continue operated 
steam. The economies electric operation such cases probably would 
increased materially largely increasing the mileage road electrically 
operated. The greater the extent electrically operated mileage, the more 
important factor will become the cheapness electric power. 

Coal and fuel oil costs vary from time time; the last few years, the 
fluctuations have been extreme and, what even more important and, the 
same time, indictment American business and industrial methods, 
the fact that fuel supplies have sometimes been uncertain. the 
would appear that, once the installation has been made, hydro-electric 
power would fluctuate supply within well defined limits, and that the 
cost, least the selling price, would constant, nearly so, for long 
periods. The ability contract for ample and reliable supply hydro- 
electric power favorable prices extending over long term might easily 
prove controlling factor the electrification railroads, especially for new 
railroads where the cost coal, water, and engine terminal, well other 
facilities incident steam operation, would eliminated. 

illustrate this problem better, reference will made the electrifica- 
tion sections the Chicago, Milwaukee and St. Paul Railway, which 
probably one the largest electrification projects with respect main-line 
mileage. was considered coincidently with the location and 
construction, 1906-08, the extension this Railway System from Central 
South Dakota the Pacific Coast, distance about 1400 miles. The 
extension crossed several mountain ranges where long and heavy gradients 
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were necessary. Undeveloped water powers were abundant and power require- 
ments for industrial uses were largely absent. These conditions led early 


suggestion that parts the extension should electrified; accordingly, 


the Railway Company acquired several water-power rights, and, some places, 
located its lines with reference the development these powers. However, 
electrification was delayed, and the completion the railroad, was 
operated steam. was not until several years later, about 1914, that the 
electrification the section between Harlowton and Deer Lodge, Mont.— 
228 miles—was begun, and previous the completion this section, work 
was begun the adjoining section from Deer Lodge Avery, Idaho, making 
440 miles main line. These sections crossed the main Con- 
tinental Divide and the Belt. Bitter Root Mountain Ranges. Recently, 
the 209-mile section between Othello, Central Washington, and Seattle and 
Tacoma, was electrified. gap main line between Avery and Othello (226 
miles) left, which undoubtedly would have been electrified before now, 
except for the abnormal conditions about the World War and 
Federal control. 

For various reasons, the Railway Company found undesirable ada 
and develop its own power requirements; therefore, disposed the power 
sites and made long-term contracts for power. The powers-of which the Rail- 
way Company had obtained control were small compared with those now 
depended on, and the cost their development would have been relatively 
much higher. They would have been subject wide seasonal fluctuation 
quantity, and there would not have been the same high degree reliability 
power supply that exists under the present arrangement. The net cost 
power the Railway Company would also have been greater; times, 
would have been obliged purchase power, and, other times, would 
have had surplus power sell. The power now used and that already under 
contract for the 226 mile gap between Avery Othello will hydro-electric 
power. The contracts for power are with the Montana Power Company, the 
Inter-mountain Power Company, the Washington Water Power Company, and 
the Puget Sound Light and Power Company, the first named company sup- 
plying the greater part. All these companies control large supplies devel- 
oped well undeveloped water power. The contracts for this power run 
for long periods. The first contracts were for 99-year terms, and the later 


will expire practically concurrently with those first made. The 


cost the. current the Railway Company’s sub-stations the 
same for all contracts, and very low price. The several power contracts 
are inter-related: with agreements between the several power companies which, 
in. effect, practically equivalent one contract covering all the rail- 
way’s requirements for the electrified section. The Railway Company is, 
therefore, depending not the individual power resources these 
companies many.and completely tied together to. insure 
uninterrupted supply for the entire electrified section. The eighteen twenty 
generating stations supplying power under these contracts extend over terri- 
tory from Central Montana Puget Sound, distance more than 680 
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with north and south width nearly 200 miles. The drainage areas supply- 
ing these powers not only cover much larger territory, but they also differ 
greatly climatic and topographic conditions, factor which believed 
insures reliability power supply under the most extreme conditions. The 
combined capacity these stations more than 360 000 kw. Within this area, 
and adjacent it, are many undeveloped water powers. There can 
question but that this combination ample, reliable, and cheap power, sup- 
justifying this extensive railway electrification. 

The other factors justifying the electrification were the remoteness from 
fuel supplies, the long stretches steep gradients, the character freight 
traffic, which permitted concentrated large train units, the consid- 
erable mileage railway electrified, and, last, but not least, the fact that the 
railway company would able control the flow traffic over the electrified 
sections such manner largely eliminate extreme peak loadings. All 
these last named considerations, course, would apply more less equally 
electrification using steam-generated current. 

this connection, interesting note that this railway prior 
electrification used oil for locomotive-fuel purposes exclusively for the main 
line and for the branches from Deer Lodge the Pacific Coast, the oil being 
shipped water from the Southern California fields. that time and for 
period several years, oil was cheaper for the railway than coal, and had 
the further advantage minimizing fire risks, consideration 
because the line crosses several forest reservations. Later, for those sections 
the railway that were not electrified, was necessary change from fuel 
oil coal. 

the various electrifications steam railroads the United States, the 
majority are using steam-generated current. The several electrifications cen- 
tering and about New York City, the Pennsylvania Railway, Philadel- 
phia, Pa., and its West Jersey and Sea Shore Railway, the Norfolk and 
Western Railway, the Detroit, Sarnia, Hoosac, and Baltimore Tunnels are 
all operated steam-generated current. Both steam-generated and hydro- 
electric currents are used for the Canadian National Railway Tunnel 
Montreal, Que., Canada, mostly the latter, whereas for the Great Northern 
Railway Tunnel Washington only hydro-electric current used. The 
Butte, Anaconda and Pacific Railway (which carries heavy freight 
and and Inland lines use hydro-electric power 
exclusively, the former being supplied the Montana Power Company. 

The abundance and cheapness hydro-electric power, especially com- 
pared with steam-generated power, have probably been more the controlling 
factors the electrification steam railroads foreign countries than 
the United States. This shown the official reports made the Inter- 
national Railway Congress held Rome, Italy, the early part 1922. 
Sweden and Norway, Mr. Ofverholm, Chief the Electrical Depart- 


ment the Swedish State Railways, and Official Reporter the 
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“Sweden, Norway, and Denmark have not the necessary quantity home- 
produced coal. The coal fields that exist the south Sweden are quite 
inadequate, and the coal poor quality. the other hand, Sweden and 
Norway have plenty water power, though this not the case with Denmark. 
the first two countries, railway electrification large scale has been con- 
templated, order utilize water power instead depending imported 
coal. Denmark, owing the lack water power, such schemes are 
existence. 

“The desire make the railways independent coal has been 
entertained Sweden for long time.” 


Later the report, where the program for being con- 
sidered, states: 

“The chief point make the railways independent foreign coal; there- 
fore, the lines that have the highest coal consumption should the first 
electrified.” “The research work carried out connection with the 


electrification has included investigation the total amount hydraulic 
power available.” 


The reporter for Italy, Mr. Alfredo Donati, states: 


“The new program for the extension electric traction Italy which 
was drawn the Administration the Italian State Railways 
common with the Government, anticipates the electrification about 
miles railway which has been selected with care from amongst those 
which, owing their gradients and their heavy traffic, now consume the 
greatest quantity coal.” 

was stated that this program when completed will effect annual saving 
about 000 tons coal and consumption about 600 000 000 kw-hr. 
current per annum, the greater part which will generated water 
power. This program, however, not altogether save coal, for, later, 
stated that, certain the lines electrified, the limit which 
steam traction, had been attained, and electrification had 
become necessary for increasing the carrying capacity the lines; also, that, 
number Italian lines, electrification has been hastened account 
the difficulties steam operation through the numerous tunnels. 

The Federal Railway Commission Switzerland, reporting the Tnterna- 
tional Congress, concludes with the following statement: 

“The electrification the Federal Railways economic necessity, and 
ought brought about regular working all times and under all con- 
ditions assured. must not forever remain dependent foreign 
countries, which may withhold their coal, any rate dictate their prices 
without consideration for us. the total imports 1920 (approximately 
ton), 303 914 ton, came from England, and 553 986 ton, 
55.9%, from America, while our former principal sources, Belgium, the Sarre 
Territory, and the Ruhr Valley, only delivered altogether 500 ton, 
6.6 per cent. This fact shows what casual conditions our coal supply, and, 
consequently, the working our railways, depends, without taking into 
account the disturbing factors arising out strikes, transport difficulties, etc.” 

France, according Sabouret, Chief Engineer, Technical Department 
the Orleans Railway, Reporter the Internatiofial Congress, has am- 
bitious electrification program. addition some electrification already 
completed, and the program for the State-owned railways, the Orleans 
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way Company has program for the electrification 1240 miles railroad, 
the Midi Railway for 1680 miles, and the Paris-Lyons-Mediterranean Com- 
pany for considerable mileage. 

The Orleans Railway will use largely hydro-electric power supplemented 
with some steam-generated current from station near Paris; the Midi Rail- 
way will use largely, not exclusively, hydro-electric power; the Paris-Lyons- 
Mediterranean Company will obtain its principal sources current from 
hydro-electric plants the Upper and Middle River. All three rail- 
ways will develop their own power, and, some cases, the developments will 
made jointly with the State-owned railways. These three railways have 
under consideration plan for the joint development hydro-electric power 
the Truyére River, which the development would exceed 200000 
the supply being exceptionally regular. The plan divide the power 
between them such manner supplement for each railway the mini- 
mum power from its own stations during periods low water. The reporter 
says: 

“The flow the watercourses the Central Plateau complementary 
those the Alps and Pyrenees; the Truyére will feed the Rhéne and Garonne 
basins during the winter, and the Central Region during the summer. This 
large programme the organization hydro-electric energy shows clearly the 
obligation imposed the three companies associating themselves work 
unification required the National interest and promote the linking 
three great producing districts.” 

These references are illustrative the development the electrification 
railroads other countries; they appear indicate the probability that 
hydro-electric power, virtue its cheapness and other qualities, has been 
more factor extending electrification foreign countries than has 
been the United States. 

The Pacific Coast, with its vast hydro-electric power potentialities, seems 
present favorable conditions for the elevtrification steam railroads. The 
power possibilities are probably excess commercial and industrial needs 
and are likely continue, whereas coal and fuel oil supplies are becoming 
more costly and less certain. The topography much the country trav- 
ersed the railroads and the extent and character the traffic result 
railroad-operating conditions which probably could met more economically 
electrification than steam. 

the case new railroad construction, assuming that, spite exces- 
sive and oftentimes conflicting regulation the railroads Federal and 
State authorities, capital for new railroad construction can found, elec- 
trification would offer advantages for such lines have promise rea- 
sonable volume traffic. The saving first cost water and fuel facilities 
and the fewer engine terminals required would considerable, and 
probable that the location the line and the ruling gradients adopted would 
such reduce the cost construction compared with road intended 

possible that the requirements the Federal Water Power Act may 
make impossible contract for power for periods longer than fifty years 
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the most, and together with State regulation public utility rates, may make 
uncertain the permanency uniformity power rates extending over long 
periods; so, the progress railroad electrification may somewhat 
retarded. 

The subject this paper has been covered such brief and general 
manner that conclusions are warranted. However, would seem reason- 
ably safe assume that hydro-electric power would important factor 
steam-railway electrification under the following conditions: 


cheap and available over such extended area would 
include large main-track mileage for the individual railroad under con- 
sideration. 

supplied from several sources tied together insure 
reliability. 

can contracted for long periods. 

its cost reduced terms locomotive tractive effort, 
cheaper than that steam-generated power. 
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opment California, the speaker wishes point out certain fortuitous 
geological changes striking character the northeastern part the State. 
The greater part such changes took place just prior the Age Man and 
have played important arranging for the recent great developments 
that locality. The study Dr. Diller and that recently made 
Professor Crosby the instance John Freeman, Am. 
Soe. E., have furnished the geological data for better understanding the 
happenings such great import connection with the present work. 

The Pit River development the Pacific Gas and Electric Company and 
the North Fork the Feather River development the Great Western Power 
Company occupy this territory. Had the topography remained was the 
beginning the Tertiary period, the great underground water storage the 
Upper ard Central Pit River Basin and the great surface water storage site 
the head-waters the North Fork the Feather River would not have 
existed attract the pioneers hydro-electric development. About mile 
south the Big Meadows Dam, now forming Lake Almanor, water-shed 
marked, those days, the head-waters the North Fork. North this, in- 
stead the present high mountains, the land lay the form low gently 
rolling hills that led the drainage north and northwesterly the Sacramento 
River. The surface country rocks this section were mostly sedimentary. 

Epoch-making events which marked the late Tertiary period moved the 
boundary this water-shed north until more than 500 sq. miles additional 
area became tributary the North Fork the Feather River and the 
site the Lake Almanor Dam. Great eruptions the Lassen Peak District 
caused this change, and imperfectly fluid lava built high mountains there, 
thus forming the high Lassen Peak Ridge and adding its eastern and southern 
slopes the Feather River drainage. Thus, not only was additional area 
furnished, but also heavy precipitation and run-off were assured virtue 
the resulting lofty elevations. The great reservoir site Big Meadows, 
ever, was not formed until extensive and repeated floods fluid basaltic lava, 
emerging from many vents, had covered not only large part the 500 sq. 
miles the new drainage basin, but also 200 000 sq. miles farther 
north. Subsequent faulting depressed the Big Meadows section below the general 
plain and formed natural lake of, perhaps, 000 acres, which was furnished 
with impervious lining, erosion from the surrounding country. Erosion 
continued until notch was cut the basaltic dam the lake. This notch 
has been restored recently comparatively feeble human effort, and Lake 
Almanor has resulted. 

From this reservoir site, the Sierra Nevada Mountains extend the south- 
east and the Cascade Mountains the northwest, Lassen Peak being the 


Chf. Engr., Western Canal Co.; Cons. Engr., Great Western Power Co., San Francisco, 
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southernmost the latter and Lake Almanor forming the dividing line, sepa- 
rating the two great mountain ranges. The Cascades water-falls them- 
selves, from which the range takes its name, were caused the hard basalt 
which generally lines the beds the streams this district and refuses 
yield readily erosion, thus causing their flow fall cascades. 

the north and northeast Lassen Peak lay the basin the Pit River, 
its northern boundary being just south the Oregon line and reaching from 
Mt. Shasta the west almost the Nevada line the east. This drainage 
area large part basaltic plain and, where sealed the deposits ero- 
sion, furnishes reservoir sites. Many these sites, however, are large 
out proportion their water supply, and, therefore, are more useful for 
agriculture than for water storage. Reservoirs another form are abundant, 
namely, the great natural underground reservoirs which equalize the flows 
such tributaries the Pit River Hat Creek and Fall River. Over great 
areas and along these streams, basaltic lava lies had cooled only yes- 
terday. shattered and barren and stores all precipitation fast 
falls and conveys other streams well. Entrapped water sinks some im- 
pervious stratum and finally issues great springs remarkably even flow. 
The importance this for hydro-electric purposes may better understood 
when one realizes that the point where Hat Creek enters the Pit River, 
has mean flow about 650 sec-ft., that Fall River has flow 1400 sec-ft., 
and that the maxima and minima flows these streams differ less than 
15% from the mean flows. With such great and evenly delivered water sup- 
ply and fall, about miles river, more than 2000 ft., one can 
understand what inspired this development the Pacific Gas and Electric 
Company. 

The Pit River plants will include three additional developments the 
main stream, all possessing greater minimum flow than the combined flow 
Hat Creek and Fall River, but these developments take their water from 
the main stream below those tributaries, they also partake the unregulated 
flood flow the greater Pit River basin which not fortunate under- 
ground storage, but which possesses opportunities for surface storage. 

The drainage area the south, which the Tertiary period made tributary 
the North Fork the Feather River, also possesses ground-water storage, 
that the normal low flow from the new 500 sq. miles area least 40% 
the entire river Oroville, Calif., where sq. miles drainage area 
reaches the plane the Sacramento Valley. addition this large flow 
ground-water, large flow surface water yielded the new basin. 
Both supplies now feed Lake Almanor, the main storage reservoir the Great 
Western Power Company. This reservoir has present capacity 
acre-ft. and, 40-ft. addition the dam, contemplated capacity 
250 000 acre-ft. has ultimate proposed spillway level ft. above 
the sea and expected serve eight successive power sites, the tail-race 
the lowest being only 160 ft. above sea level. Thus, there total gross drop 
between lake surface and final tail-race more than 300 ft. 

This new drainage basin with its auxiliary—Butt Creek—when both are 
regulated the ultimate dam, will yield constant flow 1195 sec-ft. 
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When used conjunction with the greater unregulated basins which are 
tributary the five lower river sites, this great regulated water supply finds 
its greatest value. 

the eight plants proposed, Plant No. nearly completed. Although 
occupying only about one-tenth the total drop, this plant, since the com- 
mencement operation 1908, has led size any hydro-electric plant west 
the Mississippi River. Pit River Plant No. which has recently been 
completed, however, the Pacific Gas and Electric Company, exceeds 
nearly 10% the size Plant No. Site No. the Great Western Power 
Company recently began ultimate installation 135000 kw., 40000 kw. 


Northern California was built more than years ago the Sacramento Gas 
and Electric Company, under the management Mr. Livermore. 
canal built prisoners from Folsom Prison, diverted water from the American 
River that head ft. was obtained. The transmission plant was com- 
pleted from Folsom Sacramento, distance miles, and power was 
delivered September 1895. 

the same year, the second plant, consisting two 375-kw. generators 
wound for 500 volts, was undertaken the South Yuba River about 
Nevada City, supply power the mines Grass Valley and 
Nevada City. Since that time, the power industry has received marked 
impetus, that, 1921, the four largest companies furnished power, 
follows: 

Kilowatt-hour 


sales. Revenue, 
Pacific Gas and Electric Company......... 820689 $22 898 046 
Great Western Power Company............ 340 060 361 947 710 
San Joaquin Light and Power Corporation. 313 791 835 084 780 
Southern California Edison Co............ 840081210 15074480 


This power retailed consumers average rate 1.95 cents per 
kw-hr., or, deducting the amount paid taxes, 1.75 cents per kw-hr. 

The total hydro-electric horse-power operation the two municipalities 
Los Angeles and San Francisco, present, 450 and thirteen private 
companies, 911 465, making total 999 915. 

There are under construction, present, additional h.p. 
municipalities and irrigation districts and 228 150 private companies, 
total p., all which will installed within years, and, 
that time, will make grand total for the State 725 

The possible developments power companies, which are financially 
feasible within the next years, include about 000 000 additional These 
developments will not exhaust all the possibilities the State, which may 
closely estimated from 000 000 000 000 


City Engr., San Francisco, Calif. 
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The uses the water the State may considered the following order: 
use for the inhabitants. 
uses for farm lands and orchards. 
3.—Use water for hydro-electric power purposes. 
some fortunate instances, the combination all three uses may obtained 
from the same drainage area. 

The physical topography the high mountains, with the limited reservoir 
basins and steep gradients the river beds, makes the problem selection 
effective reservoirs difficult. The few natural lakes the Sierra Nevada 
Mountains suggest the most feasible sites. They possess the advantage 
freedom from silting which incidental foot-hill reservoirs. The climatic 
and topographical features the State regulate the run-off the streams 
quite differently from any those the Mississippi eastern coast drainage 

Tuolumne River has average annual flow acre-ft. from 
drainage area 1548 sq. miles. This drainage area extends from eleva- 
tion 300 ft. easterly, for distance miles, elevation ft. 
the higher level, above ft., there are numerous natural lakes hemmed 
granite. The floods the lower reaches altitude 3000 ft. are 
developed winter and spring rains which occur from ‘November March. 
The second series floods occur May and June, and are caused the 
melting snow, which may much ft. deep the 000-ft. level. 
The 000-ft. contour the approximate zone maximum precipitation which 
diminishes the crest the Sierra Nevada Mountains. 

The first development this basin was made the Turlock and Modesto 
Irrigation Districts. concrete dam 127 ft. high was constructed 
Grange elevate the water the river bed and divert two canals the 
irrigated areas 165 652 acres inside the Districts, extending from Elevation 
300 Elevation 40, the San Joaquin River. only two reser- 
voirs with storage capacity acre-ft. were use along the canals 
balance the flow the river. new dam Don Pedro now being con- 
structed create reservoir with capacity more than acre-ft. 
supplement the supply. 

Since 1914, the City San Francisco has been actively constructing storage 
works the higher levels, including the Hetch Hetchy Dam, with initial 
storage acre-ft and ultimate storage 348 000 and Lake 
Eleanor Reservoir, with initial capacity 28000 acre-ft. and ultimate 
capacity 168 400 acre-ft. Even with those projected works completed, there 
will only about 800 000 acre-ft. storage for river that fluctuates annually 
between minimum acre-ft. and maximum 3.700000 acre-ft. 

consistent effort, however, has been made develop storage this 
drainage area, favorable contrast the Merced River, immediately south, 
which passes through the Yosemite National Park, with average annual 
run-off 1228000 acre-ft., and has storage for only one-third its 
average flow, and the Stanislaus River, immediately north, with average 
run-off 1380000 acre-ft. and only about 10% this volume storage. 
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Only three perhaps forty rivers California have been mentioned, that 
are capable economic development. This situation discloses the great oppor- 
tunity for the hydraulic engineer, the financier, the philanthropist, and 
perhaps the State, undertake the conservation waters that the greatest 
good can accomplished the 000 000 acres land capable irrigation 
California, which date only 6000000 acres have been brought under 
irrigation. solution these problems being sought the so-called Water 
and Power Act bond the State for $500 000 000 for this purpose. There are 
fundamental objections this Act, which make dangerous measure 
adopt, but the speaker has hopes that from the discussion it, sane measure 
will evolved, which will justice the future California and increase 
the prosperity which now being developed from its civic, manufacturing, 
and agricultural activities. 
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EXPERIMENTS WITH MODELS THE 
GILBOA DAM AND SPILLWAY 


Discussion* 


state that 186 different experiments were recorded, which include flows over 
different sections. These experiments were started the early summer 
1919, and were continued until weather conditions the early winter 
caused the work stopped before conclusions could reached. complete 
reconstruction the control works and parts the model was required 
the spring 1920 before experiments could resumed, and then the experi- 
ments were continued until the early fall 1920. This brief statement not, 
therefore, fair measure the faithful, painstaking, and ingenious work 
done the authors, for which they are commended. 

stated the paper, the original purpose the construction the 
model was determine the sufficiency the spillway channel, was 
thought some that was more than ample, and that considerable saving 
would result reduction size. 

The behavior the model scale 1:50, with maximum flow 
equivalent 6-ft. head over the full-scale dam, indicated that reduction 
both width and depth was permissible. Experiments were then made with 
width channel reduced ft., with head equivalent ft. the 
dam, and the results are shown Fig. This shows that the 
reduced channel, with assumed flood flows, would probably ample. 


This discussion (of the paper Gausmann and Madden, Associate 
Members, Am. Soc. E., published September, 1922, Proceedings, and presented the 
meeting October 4th, 1922), printed oceedings, order ‘that the views expressed 
may brought before all members for further discussion. 


Dept. Engr., Board Water Supply, New York City, Grand 
Received the Secretary, October 5th, 1922. 
Proceedings, Am. Soc. E., Septemher, 1922, 1510. 
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The flood flow Schoharie Creek, Gilboa, 1869, was the highest 
the memory the then oldest inhabitant. seems fair, therefore, assume 
that the flood 1869 was the highest more than 100 years. fair deter- 
mination the quantity that flood Gilboa was cu. ft. per sec., 
140 cu. ft. per sec. per sq. mile, from 314 sq. miles. stated, the channel 
reduced size was shown ample for flood 51381 cu. ft. per sec., 
163 cu. ft. per sec. per sq. mile. Notwithstanding, the channel con- 
structed originally planned, for the reasons stated the paper. 

more important fact than the capacity the channel was determined 
the initial experiments. With section originally designed, having 
steps unusual height and width tread for overfall section, the flow 
passed over the crest, down the first riser, over the tread, and then the sheet 
water missed the next three four steps, falling much ft. Hence, 
the necessity continued experiments until overfall section could 
selected, which would lead the falling sheet impinging each successive 
step and thus dissipate the falling water. This was finally 
accomplished placing deflecting vanes the tread the upper step and 
modifying the height and width the other steps. 

The writer concurs the authors’ conclusion, that notwithstanding the 


fact that the behavior models will not exactly similar their 


the model remains the hest means determining the design many hydraulic 
structures. This conclusion based experience with models used 
determine the probable behavior full-scale structures following 
instances. 

Boonton Dam, Boonton, overfall section this dam was located 
the northerly side the valley, that the maximum height not 
excess ft. This required the spillway channel make acute angle 
with the axis the dam, order lead the waste water the old stream 
bed. The overflow from the northerly one-third the waste weir caught 
steep, sloped channel the maximum grade which parallel the axis 
the dam. The water, flowing over the steep slope, has its velocity accel- 
erated, and this deflects the water passing through the southerly two-thirds 
that follows the axis the spillway channel. model was constructed 
scale, and the plans were perfected after studying the action the water 
passing over the model. constructed, the channel has served its 
and the behavior substantially the same the model. 

During construction, the channel was advanced that could used 
during the winter season care for water passing over the overflow section 
which, the end the working season approached, was such condition 
that concentrated flow over small section its length would pass into the 
channel. model was constructed the conditions existed, and flows over 
showed that the side the channel would overtopped and serious damage 
likely result. modification which increased the length the temporary 
overflow section several times was tried, and the contractor was required 
advance the work sufficiently bring about the conditions desired. Overflows 
during the winter and the following spring did damage. 


} 


Papers.] EXPERIMENTS WITH MODELS GILBOA 


Cross River Dam, Katonah, modifications the waste weir 
and spillway channel this dam were determined from experiments with 
model section. 

Ashokan Reservoir Waste Weir, Ashokan, Y.—The spillway channel 
changes the direction flow that makes right angle with the line 
the waste weir. The north retaining wall contained re-entrant angle which 
deflected part the flow, that impeded the flow that part the 
water moving parallel the waste weir section. discharge due head 
slightly more than ft. the crest the weir, made apparent that 
modifications were necessary meet conditions larger flows which were 
anticipated. model scale was constructed, and from its 
operation was decided remove the re-entrant angle and construct guide- 
wall the center the channel the right-angle bend its alignment. 
Since this work has been done, overflow has occurred, but predicted 
that the channel will perform its purpose more efficiently than originally 
designed. 
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ENGINEERING GEOLOGY 
THE CATSKILL WATER SUPPLY 


Discussion* 


Henry 


extent the Catskill Water System and its vital importance great com- 
munity, added the diverse geological features the region, make this 
paper one unusual interest. passing, the writer would express his con- 
viction, based thirteen years’ connection with the work described, and 
many more years with other large projects, that the municipal authorities 
the City New York were fortunate their geological advisers and 
the fact that Chief Engineer Waldo Smith, Mr. Sanborn, and other 
engineers the staff possessed knowledge and appreciation géology. The 
paper complete its description and instructive its correlation 
engineering location, design, and construction, with geological exploration and 
interpretation, that the writer will simply emphasize few general considera- 
tions. 

That geological aid pays constructional well mining operations 
believed have been demonstrated. For greatest economy and 
security, essential that: 


engineer and geologist should co- operate from the beginning 
preliminaries the project. 


2.—The geologist should well informed the broad the 
region, the detailed structural geology the location, the mineralogy the 


This discussion (of the paper Charles Berkey, Esq., and James Sanborn, 
Am. E., published September, 1922, Proceedings, and presented the meeting 
October 4th, 1922), printed Proceedings order that the views expressed may 
brought before all members for further discussion. 

Secy., United Eng. Soc., and Director, Eng. Foundation, York City. 

Received the Secretary, September 26th, 1922.. 
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rocks and the overburden earth, and the present and ancient water circula- 
tion, drainage. 

3.—The geologist should have some comprehension the nature and 
requirements the structures and excavations making the works the 
project. 

4.—The engineer should have some knowledge geology and mineralogy. 

5.—Even routine field explorations (soundings, test-pits, borings) should 
not delegated assistant lacking understanding the importance 
each feature such explorations. Every step requires the intimate super- 
vision engineer possessed knowledge geology and keen apprecia- 
tion the importance carefulness, close observation, and complete records, 
with clear, full headings and dates. 

6.—The owner (or other person having control the general policies) must 
have foresight and courage spend enough money obtain adequate informa- 
tion and make thorough study the facts gained. 

use should made the geological information and deductions 
the design, location, and method construction. 

8.—All geological information, with suitable explanations and safeguards, 
should made accessible intending bidders, who should required 
information while preparing their bids. Exhibits for bidders 
should include not only maps, sections, and statements, but also test-pits 
and materials removed from them, cores, and other samples from borings 
(all them, many practicable), and every other physical object 
value, supplemented, advantageous, with photographs. 

geological information should also accessible the engineers 
and contractors during construction. 

All these statements are somewhat obvious, but the results achieved 
the Catskill Aqueduct work show many advantages which may realized 
the proper utilization the skill the geologist adjunct good 
engineering. 


particularly interesting those who were associated with the authors 
conducting the work which the geological information was secured. also 
should value and interest the Engineering Profession general. 

The part the paper covering the work from the Ashokan Reservoir 
the Atlantic Ocean complete, being based not only the knowledge 
gained borings, but also the actual construction, that little can added. 
The work the Schoharie development not fully covered, the authors 
did not have personal knowledge the later investigations and the progress 
The writer, therefore, will try add something gained 
knowledge the actual construction work. 

Schoharie Reservoir and Gilboa sub-surface investigations for 
site which construct dam form the Schoharie Reservoir extended 
from Pratt Rocks Gilboa and located the pre-glacial gorge for distance 
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six miles; everywhere the gorge below the floor the old valley was filled 
with material which may considered generally impervious. The course 
the old gorge was sinuous; near Devasego Falls, and, again, the site 
the Gilboa Dam, makes complete letter “S”; the vicinity Manorkill 
Falls, there was apparently abrupt drop the floor the gorge and 
probably “fall” existed the pre-glacial stream. Gilboa, the bottom 
the pre-glacial gorge least 130 ft. lower than the post-glacial. The 
lowest part the gorge westerly from the limits any engineering struc- 
ture and covered great depth very impervious clay. investi- 
gation was conducted ‘to determine the possibility filling pervious 
character wide extent the bottom the valley stream from the dam. 
After making number special borings, was concluded that exposed 
rock adjacent the dam was covered earthy material deposited through 
water, appreciable loss water need anticipated. Subsequently, 
excavating the core-wall trench, was concluded that the excavation was 
passing close the south side one the steps the pre-glacial gorge, 
and that some the talus pushed off the sides the old gorge advancing 
ice had been For part the distance, the core-wall extends 
rock, and from where leaves the rock the known limits this pervious 
material, effort will made consolidate grouting. 

The authors enumerate the “Geologic Conditions Affecting 
may interest outline the methods used determine the extent the 
excavation for, and the treatment of, the foundation the Gilboa The 
borings made for the preliminary investigation the dam site, and also those 
made later for use planning the structures, are shown Fig. the 
paper; many these borings were deepened, those the hillside being carried 
down the level the floor the valley and those the bed the present 
stream depth 100 ft. 

Pressure tests were conducted locate seams the rock, and determine 
their extent and their approximate water-carrying capacity when subjected 
pressure equal that which would result from height ft. water 
over the crest the dam. apparatus similar that used other inves- 
tigations made possible segregate each vertical foot the diamond drill 
hole, subject pressure, and make volumetric determination 
the quantity water pumped. These tests showed that, general, consid- 
erable leakage occurred the upper part the holes near the surface the 
rock, both through vertical and horizontal seams; the number seams and 
quantity leakage decreased the depth increased. When test one 
hole was progress, observations were made adjacent holes determine 
the extent leakage planes. extensive leakage planes wefe detected; 
some cases, however, responses were obtained holes 400 ft. away. Seams 
were located both the shales and the sandstones, but they were more 
clearly defined the sandstones. 

order analyze and visualize the results the test, was 
constructed, the outline the dam and spillway being plan. the loca- 

Proceedings, Am. Soc. E., September, 1922, 1547. 


| 

[ . 

: 


1892 DISCUSSION ENGINEERING GEOLOGY, CATSKILL WATER SUPPLY [Papers. 


tion diamond drill holes, wooden circular rods were inserted and painted 
indicate the various stratifications rock. blueprint showing the 
results of, pressure tests was attached the rods thumb tacks the proper 
position; cords leading from rod rod showed the water circulation between 
holes and its direction. From study the results, tentative depth for 
the general foundation the dam and the bottom the cut-off excavation 
was fixed, and the depths which extend diamond drill borings for grouting 
were determined. 
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Fig. shows part the profile which was issued the field engineers 
guide excavation. The line for excavation under Item No. was 
tentative, because indicates the extent the excavation for the foundation 
the dam, which was dependent conditions disclosed the work pro- 
gressed. The line for excavation under Item No. indicates the bottom 
the cut-off trench, carried below the zone seamy rock. 
borings inclined angle 224° with the vertical, were made for the pur- 
pose intersecting heading joints and planes and thereby causing more 
effective circulation the grout. The diamond drill holes were extended 
depth below which the pressure test showed there were only slight seams 
which carried off very little water. 

The grouting not done until masonry has been placed the cut-off 
trench and substantial depth over the entire foundation the dam. 
Steel pipes are caulked into the diamond-drill holes and with the 
masonry. Fig. shows much the information which conclusions 


were based. 
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Perhaps the most interesting feature the general public dis- 
closed the work the vicinity Gilboa was the finding fossil trees 
the Devonian period, said the oldest flora the earth’s history. The 
first fossils were discovered several years ago when section State highway 
was under construction. Dr. John Clarke, the State Museum the 
State Department Education, asked that lookout kept for specimens 
the work progressed. Before the construction had progressed far enough 
disclose any fossils, representatives his Department discovered some very 
good specimens Manorkill Falls about Elevation 1120. the excava- 
tion for the dam progressed, other specimens were found Elevation 1020 
and the quarry for facing stone Elevation 960. each instance, they 
were bedded thin layer dark shale which represented what was left 
black muck swamp which they originally grew. These fossils are said 
specimens yet found. large collection has been placed the State Museum 
Albany, Specimens are also possession the Harvard University 
Museum ‘and the American Museum Natural History New York City. 

preliminary investigation sub-surface condi- 
tions disclosed that each small valley crossed the line the tunnel had its 
own particular gorge and the investigation was sufficient ascertain whether 
the pre-glacial gorges were deep enough reach the grade the tunnel, which 
occurred only one case. 


the tunnel had been constructed the hydraulic gradient the Bear 


Kill Gorge would have penetrated the filling the gorge, disconcerting 
tunnel construction. the possibility this, tunnel 
was depressed that there would apparently rock roof 100 ft. thick 
the Bear Kill Gorge. The Shandaken Tunnel, therefore, acts pressure 
tunnel for about miles its length. 

was the judgment who had studied the borings that comparatively 
little support would required and that where was necessary would 
temporary, merely protect the workers from small fragments spalling off. 
The condition required that about 50% the tunnel should 
supported either permanent timbering. The exposure the 
red shales and vhe atmosphere caused masses sufficient size 
fall, and secure protection was necessary. the gray sandstone, “popping 
tock” which was observed Hudson River shafts and other parts the 
aqueduct, occurred, particularly the north tunnel from Shaft This 
rock appeared the best texture and sound, but required permanent 
support; After the heading and the tunnel for distance 100 200 ft. 
from the face the heading had been excavated, was common hear loud 
report and then large slab rock would observed loosen. These occur- 
rences caused panicky feeling among the men, frequently large pieces 
rock fell shortly afterward. After the timbering had been erected and dry- 
packed, the “popping” was longer noticed. With the strain removed, 
whether further working the rock would have taken place, 


but the chances were too great, and support was carried close the heading 
practicable. 
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zones have been encountered, but they have been passed 
without much trouble. the south tunnel, from Shaft horizontal clay 
seam, surmounted badly broken bedding shales, was encountered, 
and the inflow water reached maximum 170 gal. per min. the 
heading was advanced and heavily timbered, several crushed zones were passed 
where the stratification was tipped and very blocky and, finally, mud 
varying from ft. thick, crossed the line the tunnel. This 
was possibly decayed rock or, perhaps, pre-glacial residuary decayed mate- 
rial, although, that depth, seems hardly possible. For the next 100 ft., 
three badly crushed zones were penetrated. The rock was broken cross- 
joints and shrinkage planes, many which dripped water and were filled 
with bluish clay. The disintegration the red shaly sandstones and the 
filtering the clays give the appearance mixture red and gray 
shales. Beyond that point, the conditions become normal. 

the north tunnel, from Shaft about 3600 ft. from the place just 
described, crushed zone which gave much trouble was penetrated. 

the north tunnel, from Shaft small crushed zone and slight faulting 
was found, and, one place, badly disintegrated rock. Gas small quan- 
tities entered number places, and Plutonic water having solid content 
three times that the water the Atlantic Ocean and one-half that the 
water the Dead Sea has been found, that was undoubtedly entrapped and 
held cavities the time the rock was being formed. 

present only 4000 ft. the 18.1-mile tunnel remains excavated, 
and unlikely that more serious troubles than those described will arise. 

the southerly end, short stretch tunnel earth excavated, 
that presents many the difficulties soft ground work. The adoption 
eareful soft ground methods expert that kind work gives assurance 
that will successfully completed. 

The tunnel has been remarkably dry, the maximum quantity water 
pumped any one time from one shaft being about 170 gal. per min. 

The authors state number places that, generally, the strata the 
Catskill region “dip the west slight angle”. has been found that 
the dip from 30’ southerly direction, consequently, that part 
Plate covering the Shandaken Tunnel, should corrected agree 
with the determination given: 

The character the rock and the superior equipment and organization 
the contractor led remarkable progress excavation. With twelve head- 
ings being worked, more than one-half which required timbering, 
progress 5593 ft. per month was made. weekly progress 
(elapsed time, which includes time lost re-organization) ft. com- 
pleted tunnel per point attack, much higher rate than that maintained 
the tunnels the Catskill Aqueduct. the shaft, maintaining the best 
progress, the average was ft. per week. 


Lazarus Am. Soc. E—The speaker’s knowledge geology 
gained from Professor Kemp Columbia University, was valuable, and was 


Proceedings, Am. E., September, 1922, 1537. 
Pres., Spencer, White Prentis Inc., New York City. 


4 
\s 
& 
| 


— 


Papers.] DISCUSSION ENGINEERING GEOLOGY, CATSKILL WATER SUPPLY 1895 


used for the first time this work. was great aid anticipating under- 
ground conditions, which essential order locate aqueduct dam 
country like that south the Catskills. The superficial aspect that 
country does not indicate the underground structure, which the result 
past geological conditions, and about which competent geologist can tell 
great deal. cannot tell all about it, and that where the danger lies. 
The engineer can co-operate with the geologist, but must adhere 
independent judgment the conditions based, not geological theory 
accepted statements, but borings. otherwise invites the risk serious 
error. For instance, the Rondout Siphon, with which the speaker 
familiar, the geological predictions were good, but would have been 
dangerous have located the aqueduct the basis those predictions alone, 
because one the gorges that the geologists had predicted would deep, 
was shallow, and another that they had predicted would shallow, was deep; 
the depth the tunnel had been determined accordance with the predic- 
tions, deep gorge would have been penetrated, which would have caused 
serious difficulties. However, these discrepancies were discovered diamond 
drill borings long before the final profile was adopted. does illustrate, how- 
ever, that too great duty should not placed the geologist. The loca- 
tion the Loetchburg Tunnel was left the geologists, and borings were 
made. The result was that the tunnel penetrated buried gorge, with dis- 
astrous results. 

There were places the Rondout Siphon which change profile 
would have made great difference the amount tunneling the Hudson 
River shale and the Shawangunk grit. determine the cost tunneling 
each these rocks, two experimental tunnels, side side, were driven 150 ft. 
them. This work furnished valuable information, especially the method 
timbering the shale, ‘and resulted large saving, later, the cost 
driving the main tunnel. 

the Rondout Siphon, particularly bad condition was found the 
limestones, and there was method locating the profile, avoid them. 
One the geologists predicted very closely the caves that might penetrated 
driving that tunnel; however, those caves were below the gorges. The water 
circulated down and rose again under pressure, the conditions being similar 
those which the same geologist had observed Missouri. the speaker’s 
opinion, this paper valuable one for engineers, and can used great 
advantage schools co-relate the study geology with that engineering. 


their clear exposition the many problems engineering geology that arose 
the construction the Catskill Water-Works. Perhaps previous 
enterprise the same magnitude has there been equal co-operation between the 
engineers and the geologists. 

The Hudson River the one large stream within the State New York 
that reaches the sea without crossing the boundaries another State. has 
been possible, therefore, with the consent the State, appropriate its 
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waters for New York City, and attempt has been made acquire any 


supply outside the State. The one large tributary the Hudson River the 
vicinity New York City—the Croton River—was developed the first large 
source supply. was necessary, however, obtain the next supply from 
more remote tributary the Hudson River, the Esopus Creek the Catskill 
Mountains. The difficulties conveying Mountain supply the 
city were those constructing aqueduct across the geological. formations 
which, this vicinity, have general northeast-southwest trend., the 
Housatonic River, which was suggested source supply 1900, even 
the more remote Connecticut River, was New York State, instead 
transportation direction parallel with the strike the 
geological formation would have been simpler than bringing the Catskill 
New York City. 

can now estimated that the probable date 
able water supplies for New York City not very distant. Preliminary 
investigations, anticipating the acquisition new sources supply, have 
already been started, which Dr. Berkey has had part. Now, before, 
works outside the State New York may considered and the problems 
the engineers are the same those the Catskill works, naniely, 
constructing reservoirs and building large aqueduct that will pierce the 
mountains’ and cross the deep valleys lying between the city large 
source supply that may made available. new conduit will probably 
built tunnel larger extent than the Catskill Aqueduct. However, the 
experience gained the Catskill Aqueduct tunneling, mostly through ‘the 
formations will encountered new aqueduct, gives assurance 
that, with the same and thoroughness making the 
tions, serious difficulty need feared. 

Something may added the statements made the authors regard 
the investigations Long Island, looking the dévelopment 
emergency ground-water supply which could made available advarice 
the delivery the Catskill supply. 1907 and 1908, addition the 
mapping the water-table Suffolk County, the gauging the streams, and 
the topographical surveys, the Board Supply madé number deep 
borings the south Long Island along the line development the 
proposed ground-water supply. One these borings, having 12-i 
casing, extended depth 900 ft. 

These borings furnished much additional information the geology 
Tong and the preparation plan for pumping supply 
250 000 000 gal. water per day from the “yellow gravels” Southern 
Suffolk County. Professor Crosby, the Consulting on! this 
‘work, made exhaustive study all the available data the geology 
Long Island, which, previous the work Messrs. 
Bowman, and others 1903, was, whole, comparatively unknown terri- 
tory. his report 1910, which yet unpublished, Professor 
‘confirmed the conclusions, previously reached the engineers, that, Suffolk 
County, the only available water horizon from which obtain large supply 
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was that the “yellow gravels”, which classified the Cohansey and 
Lafayette the Pliocene, the Pensauken the Epipliocene, and the glacial 
outwash the Pleistocene, and which cover Southern Long Island depth 

pointed out that the Bethpage gravel the Miocene, important 
horizon Southwestern Long Island, represented local beds deposited 
mainland rivers or, perhaps, glacial streams, and that these gravels did not 
exist Suffolk County, except possibly offshore deposits and except for 
small body gravel, Bethpage clay beds, which has water-supply 
importance. 

other water horizons Long Island, Professor Crosby’s report shows 
that many successful wells, generally small capacity, are found the 
Magothy the Cretaceous series within belt along the north shore 
Queens, Nassau, and Suffolk Counties, from Flushing Port Jefferson, where 
the water-bearing gravels this formation lie elevations referred sea level 
200 ft., and few localities the south shore Nassau 
County, where this gravel was found about 500 ft. below sea level. was 
Professor Crosby’s belief that the Magothy Southern Suffolk County con- 
tains gravel, and does exist localities thus far unexplored, lies 
beneath such thick beds impervious sand and clay cut off from the 
source supply the rains that fall the surface Long Island. 

lowest water horizon Long Island, the Lloyd sand (Raritan), also 
the Cretaceous series, lies still deeper than the Magothy gravel and not far 
above the bed-rock. important horizon than the Magothy gravel 
and furnishes large quantity water moderate depths 200 400 ft. 
below sea level the north shore the Island, Queens and Nassau 
Counties, from College Point Huntington, and within zone lying north 
that which wells the Magothy occur. few wells have been driven 
the Lloyd sand Southern Queens, where found depths 500 
700 ft. below sea level. Professor Crosby pointed out that this horizon derives 
its supply, does the Magothy gravel, from the Manhasset and outwash sands 
and gravels that fill the buried valley Long Island Sound. Lloyd sand 
occurs Southern Suffolk County, lies still greater depths than 
Long Island, and more effectively cut off than the Magothy 
from the surface sources fresh-water supply and probably filled with 
salt water. 

This work the. Board Water Supply Long Island deserving 
wider publicity. The knowledge gained there regard the deeper water 
horizons should prevent some unnecessary explorations the future and the 
drilling many useless wells. 


reference the work performed them, few years ago, assembling, for 
convenient examination, records and specimens all borings New York 
City and vicinity. The nucleus this collection consisted the boring record 
made connection with the development the Catskill Water Supply, but 
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was reinforced all other available data that were reliable. The result 
has been that vast amount data has been collected which should 
enormous value the development plans for engineering work this 
locality. This collection data housed the thirty-fourth floor the 
Municipal Building, and such form that any information desired can 
readily obtained. hoped add this collection securing similar 
data from work now progress and from work undertaken the future. 
The fact that this collection has been made and under the care the Chief 
Engineer the Board Estimate and Apportionment probably not gen- 
erally known, and the opportunity taken, this time, not only advise 
that any one desiring such information will know where can secured, 
but also invite any contributions the collection, which are now may 
later available. 


Louis Am. Soc. E.—The speaker has mind two cases 
that might interest showing the advantages co-operation between 
the geologist and the engineer. was sent take charge reservoir that 
had been previously under construction for about year. The earthern em- 
bankments were partly built and the bottom had been partly stripped. The 
plans contemplated clay puddle, ft. thick, the bottom lining. Six 
eight test pits had been dug, which showed fair quality loam and clay, 
with rock appearing. However, when the bottom was fully excavated, 
was found that about three-fourths was underlaid with limestone rock 
having pockets ft. deep. local geologist had been consulted 
reasonable borings had been made, many thousands dollars would have been 
saved. Concrete had used instead clay puddle for the bottom lining. 

Another case came into the speaker’s practice few years ago: rather 
important dam had been partly constructed. When the bottom was first 
stripped, appeared solid, but when the contractors commenced exca- 
vate footings for the concrete, pockets were discovered large enough hold 
small buildings, and washouts aided further contributing knowledge. 
Owing almost complete absence borings and lack geological in- 
formation, the owners spent several hundred thousands, and possibly, directly 
and indirectly, millions dollars, make good the deficiency. 

Both the experiences mentioned are helpful emphasizing the advantage 
first obtaining geological data. 


Am. Soc. E—This paper differs from those usually 
presented before the Society. Primarily, describes the work required 
rather extensive underground survey, and the information obtained there- 
from. Such underground surveys are made for other engineering works, but 
they seldom cover wide area, nor are the investigations carried 
great depth. this case, the investigations were made largely borings, 
often several hundred feet depth (in some much 1000 ft.), 
whereas, for other engineering structures, limited penetration into bed-rock 
usually sufficient. 
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The paper presents the results from such borings verified observations 
from the actual construction. Few engineers are familiar with the geological 
history, even the geological structure, the section where they are employed. 
The speaker’s attention has been called many times that fact connection 
with borings. was recently asked examine drawing called boring 
sheet, which covered quite extensive area New York City. the 
bottom number holes, “white sandstone” had been recorded and this im- 
mediately aroused his suspicions, limestone. The fact 
that the same material was shown the bottom number holes some dis- 
tance apart indicated general vein, and not boulders. difficult under- 
stand how those who made the borings recorded them the sheet could 
have expected find vein white sandstone enfolded, and contact with 
Manhattan schist, which metamorphic rock folded and banded, and jointed 
every direction, and eroded glacial action. this case, there was 
excuse for erroneous classification the material, chemical and physical 
laboratory was available. The material question was Dolomite, locally 
known Inwood limestone and farther the Hudson Tuckahoe marble. 

may held some that this error classification was little import- 
ance, the material was actually rock. That will not conceded; the 
borings were made, not only for the information the designers 
important structure, but also for contractors expected bid the work. 
certain localities, the outcrop Inwood limestone disintegrated such 
extent that used building sand, whereas, underground veins, 
subjected water and the acids the soils, sometimes decomposed and 


resembles clay. Between these two extremes lies the more solid rock, which 


somewhat resembles sandstone. 


The point the speaker wishes particularly stress this: borings are 


made, the boring samples should classified some one competent in- 
terpret them properly. This not always the case. Many borings have been 
made New York City and vicinity, the samples which are incorrectly 
classified, particularly wash-boring samples, which part the finer material 
lost the process obtaining the sample. 


Henry Am. Soc. first work the geologist 
connection with engineering work, that the speaker recalls, was many years 
ago the investigation ground-water supply Eastern Massachusetts. 
The case was that town which had taken water from the ground near 
river and was sued riparian owner for damages for diversion the water. 
that case, the town authorities succeeded proving, with the aid 
geologist, that the stream came underground from the White Mountains, and 
escaped any damage for the water diverted. 

The work with which the speaker has had recently has been chiefly 
connection with studies for reservoirs the valleys some smaller New 
England streams, tributaries the Connecticut River. Here, one finds the 
usual conditions streams New England and the eastern part the 
United States generally, deep gorges filled with sand and gravel and with rock 
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the sides. The determination of.the location the bottoms these valleys 
difficult and, preliminary investigations, often important that the 
work shall done without too great expense. one these valleys, it-was 
found that the bottom was covered with boulders, some which were very 
large, beneath 800 ft. and gravel, but, fortunately, that part New 
England, there limestone, and none the soft sandstone has been 
encountered the localities examined. The aid the geologist was very 
valuable these investigations. 
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LOCOMOTIVE LOADINGS FOR RAILWAY BRIDGES 


Discussion* 


Henry 


most difficult questions with which railroad bridge engineers have contend 
are the probable future increases loads and whether the useful life 
bridge will ended before its capacity exceeded. Engineers hardly could 
have been expected foresee provide their bridges for the tremendous 
increases which have taken place, both the total weight locomotives and 
the wheel concentrations. predict what will happen difficult, but that 
argument for failing make wise provision for the future 
stances and conditions seem warrant. 

For the heaviest present-day loading, the Cooper series does not meet the 
requirements. Perhaps, few railroad companies present use locomotives 
like those which Mr. Steinman’s diagrams are based, nevertheless, the 
tendency loads, both total and concentrated, has been upward for number 
years. Any change loading which better meets the tendencies loco- 
motive design and which can used more less general “yard-stick”, 
The fact that all lines not use such enormous locomotives 
the maxima treated the paper, reason for condemning the system 
evolved it. possible use any part Mr. Steinman’s loadings 
depend largely the ideas engineer. Having the loading 
such shape that one can check the resulting stresses judgment 
way ‘excellence reasonable accuracy design. 


Engr., Boston, Mass. 
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The omission electric locomotives from the paper rather unfortunate, 
because seems probable that their use will increase materially the future, 
particularly congested lines with heavy traffic. see just where the 
electric locomotive fits among the engines used Mr. Steinman will 
interest. would seem that the stress-producing effects proposed Nor- 
folk and Western freight locomotive* having four axle loads 250 each, 
concentrated distance ft. with another similar series loads 
ft. away, would somewhere between those Loadings Nos. and sug- 
gested the Accurate computation might not confirm this some- 
what superficial conclusion. 

The size the engine governs the length the train, but does not 
govern the weight the individual car. most cases any locomotive, how- 
ever small, that railroad possesses, capable pulling train maximum 
weight per foot, which will fill its longest bridge span, that whatever 
variations are made the locomotive loading, the loading following the 
tender should kept the maximum and should the same whatever the 
type weight the locomotive. This should so, irrespective the 
location the railroad, long has trunk-line connections, and, also, 
whether the bridge main line branch. 

The exact trend locomotive development for the future problematical, 
but owing the present tremendous wheel concentrations and the resulting 
wear roadbed and track, would seem that the limit has been almost reached. 
This has been said the past, and yet wheel concentrations have increased. 
The limits clearance have now been quite well filled and the cost 
increased clearances practically prohibitive, perhaps more reasonable 
say that the limit individual wheel concentrations has now been reached 
than would have been some years ago. When the dimensions width and 
height are entirely utilized, only length remains which expansion can take 
place. would seem, therefore, that locomotives may become the 
future, with perhaps different wheel arrangement. 

Locomotive cylinders and reciprocating parts and rods have become 
heavy that development may take place along entirely different and new lines. 
This might mean the substitution vertical high-speéd engine the 
marine type, probably condensing and compound, geared the axles, instead 
the present enormous pair single cylinders. Such construction should 
increase fuel economy, well lower cost for repairs. Such construc- 
tion would make possible install engine the tender and use for 
tractive purposes dead weight which must now hauled with compen- 
sating advantages. Development this kind would probably result wheel 
arrangements somewhat similar that the existing locomotives. 
Such locomotives, properly designed, could run either direction with 
equal facility, thus obviating the use turn-tables and the periodical increases 
turn-table lengths, which have been one the many difficulties facing 
railroad engineering departments. The high-speed engines the marine 
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type could made interchangeable that repairs were necessary the 
engine and not the boiler, the engine could removed and another sub- 
stituted its place, which would make unnecessary tie the whole 
expensive machine for repairs to, perhaps, minor part. locomotive 
the outlined could made have torque practically 
that the electric motor. The balancing the engines would much 
simplified and the wear and tear the track and equipment, due lack 
balance, would practically eliminated. 

Railroad motive power executives, confronted with this development, 
will say that Trevithick used vertical cylinder locomotive and discarded 
the vertical vibration. those who may raise this objection, 
the writer will say that Trevithick’s engine was not balanced and will also 
ask them consider the automobile. 

the desire prophesy little, the writer has apparently wandered far 


‘from the main subject, but perhaps not far may appear. Such develop- 


ment would result locomotive loadings which would more closely approach 
the general characteristics those given the paper, although they would 
not necessarily have such large wheel concentrations. Mr. Steinman deserves 
great for his paper. The writer believes the paper progressive 
and that the system loadings proposed the author will quite generally 
adopted. 


formed valuable service showing the discrepancies existing between stresses 
obtained using the Cooper E-system engine loadings and those caused 
seven types engines now quite general use. Calculated static stresses 
railroad bridge structures subjected train loads serve two purposes: 

form judgment the safety structures now use. 

Second.—To form basis for the design structures yet built. 


Engineers charged with the responsibility maintaining existing struc- 
tures stressed new types locomotives increased weight, naturally choose 
the wheel-load method analysis and for this purpose use the wheel concen- 
trations and spacings belonging the heaviest engine operating the division 
which the structure located. the writer’s opinion, system 
engine excess equivalent uniform load analysis satisfactory for this 
purpose the method using the actual wheel loads and spacings the 
heaviest engine operation. 

basis for designing new structures, advisable look forward 
probable changes engine loadings. If, the author contends, the present 
standard Cooper E-system longer adequate, new standard should 
The author’s proposed M-system loadings worthy 
tion and may prove the needed modification the Cooper E-system. 

The determination the static stresses the members bridge trusses, 
due system moving concentrated loads, comparatively simple 


Prof., Eng., Stanford Univ., Palo Alto, Calif. 
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problem analysis.* Stresses thus obtained, properly modified for impact, 
form safe and satisfactory basis for bridge design. 

The writer can see advantage gained the either 
the substitute systems mentioned the author. The difficulties wheel- 
load analysis mentioned many writers the past are more imaginary than 
real. Given moment diagram and fair knowledge stress analysis, the 
time consumed either the proposed systems analysis approximately 
the same. the proposed substitute systems are based the actual wheel 
concentrations, there seems good reason for their preference. 


(by letter).t—The author has chosen those few 
types locomotives, which produce peak points moment and has 
compiled series arbitrary loadings which will approximately give 
enveloping moment curve for such peak points. There nothing new un- 
usual about the two alternative methods handling this loading, 
and these alternatives not require merit special consideration, the same 
principles can applied any conventional system concentrated loadings. 

The essential requirements standard bridge loading for any given 
railway are, follows: 

standard system conventional loading must for all 
bridge structures, such loading increased decreased fixed ratios for 
heavy light structures. For purposes design this requirement desir- 
able and, for the classification, old structures, essential. 

(b).—The basis any standard bridge loading should average 
the heaviest the existing probable locomotives greatest common use 


the railway, or, other words, the standard loading should designed 


give the most economical structure possible for the class strength 
structure most generally required. The standard loading should such 
that proportional increases reductions will produce the smaller number 
heavier lighter structures, without too great sacrifice economical design. 

the tendency has been (and may possibly continue be) for 
the weight rolling stock increase slowly, the standard loading should 
more nearly normal the heavier rather than the lighter 
probable locomotives. 


the basis these requirements for standard and consider- 
ing not one railway, but the majority American and Canadian railways 
(the customary types locomotives being somewhat common both coun- 
tries), the writer would consider Mr. Steinman’s proposed standard 
fault the following respects: 

than being based the heaviest the 
types locomotives common use the majority average railways, the 
been designed cover only the unusually heavy locomotives 
among few railways. These locomotives are probably operated only 


“General Criterion for Position Loads Causing Maximum Stress Any Member 
Truss,” Hoskins, Transactions, Am. Soc. E., Vok XLII 240. 
Asst. Engr. Standards—Bridges, Canadian National Rys., Grand Trunk Pacific Ry., 
Toronto, Ont., 
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restricted districts where special design provisions could readily made for 
the particular heavy locomotives involved. 

(b).—Contrary Mr. Steinman’s contention, this loading cannot re- 
duced fixed ratios, manner similar the Cooper loading, suit prop- 
erly the requirements railways operating only lighter locomotives suit 
the requirements various intensities loading necessary sec- 
tions any one road. 


The author’s M-60 fair loading for any railway operating locomotives 
the Erie Railroad Class, P1, 2-8-8-8-2, the Virginian Railway, Class 2-10- 
10-2, and the Pennsylvania Railway, Class N-1-S, 2-10-2, the train load being 
000 Ib. per lin. ft. each case. However, this the one and only condition 
which the use this loading fair economical. For railway operating 
only one two these heavy classes locomotives, the author’s loading 
not correct. 

Mr. Steinman states that “this loading can increased reduced 
fixed ratios the same manner the Cooper system The bulk 
the bridges the Canadian National Railways are being designed carry 
economically the Santa T-1-c, Mikado S-1-e, Consel N-2-a, and Pacific 
J-7-c locomotives, and the writer thinks that these four classes locomotives 
represent quite fairly the general loadings the average Canadian and 
American railway. These locomotives not fit the author’s loading nearly 
well they the Cooper loading, except possibly spans 150 ft. 
addition this, the Canadian National Railways has number branch 
lines for which unlikely that any but the lighter locomotives will ever 
required. The author’s loading its worst for these light locomo- 
tives, whereas the Cooper loading least fair approximation, consider- 
ing that the number new bridges required for such loading small com- 
pared with those required for the heavier locomotives. 

The writer does not think that the Cooper system loadings perfect, 
that cannot improved. Quite extensive study this matter was made 
1921, using the locomotives the Canadian National Railways. Although 
several systems loadings were devised, which were considerably more normal 
than the Cooper system, the heaviest locomotives, was decided that, least 
for the present, the use the Cooper system would give designs economical 
any other loading which could evolved. Railways the requirements 
which for bridge loading were than those Grand Trunk Pacific 
Railway. might find advantageous adopt system more nearly normal 
somewhat heavier locomotives than those which the Cooper loading 
will agree, but the writer thinks that the author altogether wrong pro- 
posing general standard loading based normal the few excep- 
tionally heavy locomotives which has chosen the “heaviest existing 
locomotives”. 


much credit for the scientific manner which has investigated this subject, 
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and the systematic form which the paper presented. The use com- 
posite standard loading and the segments the influence triangle for any 
truss member are especially noteworthy. The comparisons made between the 
results obtained for each the seven heavy modern loadings that are selected 
for the composite standard and for the Cooper standard now seem 
answer most the questions about their relationship, far static stresses 
are concerned. 

The question may raised, however, whether the proposed M-60 loading 
with its relatively lighter uniform train load will represent more closely the 
development future actual live loads than the equivalent Cooper loading 
with its relatively heavier train load. This matter will require the composite 
judgment great number railroad engineers active practice. 

the officers any railroad which light motive power used, are 
doubt whether locomotives any the types considered the author are 
likely adopted their line the future, and therefore, would 
hesitate accept standard like M-40 M-50, independent investigation 
readily made decide the question. The time required for such 
investigation would short comparison with that devoted this subject 
the author. Only the heaviest locomotives each class now use the 
given railroad need considered. The spans can limited those which 
include, say, 90% the bridges now use. study the results for these 
short spans will soon indicate whether greater less differences among them- 
selves equivalent uniform loads are caused those locomotives for any 
given section truss member than the seven selected the 
author. After selecting the equivalent uniform loads from which special 
composite standard for that railroad may derived, they can compared 
with those given the author see whether they differ materially from those 
obtained scaling down the corresponding values due the M-60 loading. 
may also observed whether the differences are larger for the web members 
the chord members. For plate-girder spans, the moments and shears are due 
the locomotives alone, except for the small number having the largest spans. 

making choice one the three loadings proposed the author, 
well remember that locomotive wheel loads were introduced the United 
States nearly fifty years ago, and that numerous discussions since that time 
have failed displace them. illuminating re-read the discussion* 
held the Annual Convention the Society June 27th, 1899. This 
especially true with respect forecasts made that time regarding the 
locomotive loads. Although series uniform loads determined 
formula may more scientific, there are evident advantages series 
wheel loads, which commend railroad officers outside the engineering 
department. With tue aid tables and diagrams, the computation stresses 
practically simple one case the other. 

The fact that the American Railway Engineering Association concluded 
retain the Cooper series loading its 1920 Specifications, after its Committee 
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had carefully re-investigated the subject, makes necessary present excep- 
tionally strong arguments secure change the near future. The exten- 
sive records now use the rating railroad bridges terms the 
Cooper series make it.inadvisable introduce change involving many 
short span bridges, unless advantages are secured, which exceed value that 
the labor required. 
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INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


Society not responsible for any statement made expressed 
its publications. 


TENTATIVE PLAN FOR THE CONSTRUCTION 
780-FOOT ROCK-FILL DAM, THE COLORADO RIVER, 
LEE FERRY, ARIZONA 


Discussion* 


about twice high any yet constructed, and type which 
yet has been applied height only one-half great other types. The 
method proposed has been applied very small and unimportant tem- 
porary dams that type, and contemplates the formation storage reser- 
voir that would large, not larger, than any existence, with valu- 
able lands and human habitations the lower reaches the river. Whether 
such project should undertaken with the present knowledge such struc- 
hardly deserves serious consideration. Man has never been able 
advance safely science engineering such stupendous strides, and 
work, undertaken, calls for the maximum degree of. safety which 
engineering knowledge can provide. 

hypothetical serving by. its very size 
the study and discussion this type structure, should prove valuable 
bringing out all the experiences, theories, and opinions bearing this type 
dam, for subsequent application smaller structures. 

the writer proposed such plan, smaller scale, one sev- 
eral alternative plans, although not the favored for. the main 
the Oolumbia River near The Dalles, Ore., after having com- 
pleted by-pass channel and gates sufficient size pass and the 
entire flood flow.§ 


1922, Proceedings. 
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this instance, the available rock-fill material was partly piled for 
this purpose behind large rubble retaining walls and was assumed cleave 
plane inclined slope after the blasting the retaining walls, 
thus furnishing sufficient material (about 900000 cu. yd.) above this slope 
divert the river completely. 

The writer knows one instance where blast smaller scale was used 
close narrow river gorge under head about 100 ft. Subsequent 
attempts, extending over about years, seal this rock-fill with fine material 
have not proved has been accomplished recently. Local 
settlements the fill periodically, which settle and crack the blanket 
fine material, starting channels flow which quickly enlarge until 
hopper-like cavity forms the blanket, through which water escapes freely 
into the coarse rock. 

The writer believes that the principles which should determine the design 
the blanket tighten such rock-fill dam are: 


material must graded from coarse fine such gradual 
transition and such definite and controllable means, that each size 
material will continuous over the whole surface and will too coarse 
carried away through the pores the next larger size. 

(b).—That each layer must sufficient thickness preclude the possi- 
bility settlements the supporting rock causing fault slips this 
blanket sufficient bring the fine material contact with material coarse 
enough permit the fine material carried away percolating water, 
and thus destroy the blanket locally. 

preferably, that the earth blanket, addition Requirement 
(a), should also the full thickness earth dam standing alone and 
unsupported the rock-fill, order that the velocity the seepage may 
comparable that earth dams. 


Obviously, Requirements (a) and are difficult impracticable 
accomplishment when material deposited under water irregular sur- 
face, would the case the rock-fill was formed large blast from 
the adjacent walls. might argued that the natural process percolation 
‘would eventually segregate the materials demanded Requirement (a). 
This, however, would require many years repairing blow-outs, settlements, 
and cavities formed the carrying out material, before equilibrium would 
established, indeed ever would be. 

Requirement (c), the up-stream slope the rock-fill was 2:1, might 
result slope about 7:1 8:1 for the final up-stream surface. 

earth dam full section was built stream from the rock- 
fill, its foundation would require the same treatment, prior the blast, that 
would given earth dam constructed the usual means. This would 
require under-flow cut-offs bed-rock, the grouting all fissures the 
bottom and side-walls covered the fill, and liberal number cor- 
crete cut-off walls the bottom and sides the gorge prevent seepage 
along the contact between the earth and the rock, which otherwise cause 
channels that eventually would threaten the safety the structure. 
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writer would like cite certain observations bearing the principles 
the proposed type dam. British Columbia, there narrow canyon, 
through which river flows with flood about sec-ft. and with fall 
about ft. per mile. Just above narrow section, flanked with steep 
mountains about 000 ft. high, the river becomes suddenly sluggish and mean- 
ders through alluvial plain that about mile wide and miles long 
and flat and marshy any point along the Mississippi. The mountains 
rise abruptly each side this marshy plain, forming section valley 
like “V,” with straight horizontal line half way up. This condition 
strongly suggests natural dam formed faulting landslide the 
transition from the marshy valley the roaring canyon. Borings have 
proved landslide origin. Here natural rock-fill dam acting 
its own spillway, which has been successfully silted natural process. The 
down-stream slope, however, about and the silt blanket has filled 
the reservoir. 

The writer studied and reported such instance 1915, that 
the Rapids the Columbia River, which was reported Bulletin 
No. the State Engineer Oregon. 

The writer refers this report because conveys lesson conflict 
with opinions expressed some the discussions. The statement has been 
made that would difficult reach the center the fill with rock from 
the two walls. Undoubtedly, this would the case the rock was blasted 


its,resting place. If, however, merely dislodged along cleavage plane 


steep that the whole mass would tend slide, the writer not sure but 
that the center the dam would the highest. 

The rock slide the Cascade Rapids from elevation 420 ft. appears 
have buried river mile away and diverted new channel about 
miles away, which the detritus still forms the northern bank. Perhaps 
this the result the inertia the slide and subsequent movement 
slippery bed. The remembers having observed small ava- 
lanches with the outer nose the detritus piled higher than that part closer 
the mountain, or, least, appeared without instrument. many 
plans for dams like that the author, but smaller scale, have been pro- 


posed that seems the natural impulse almost every engineer, when he. 


sees narrow, deep canyon, want build dam the rock-slide method. 


Assoc. Am. Soc. (by letter).+—It has been 
Muckleston, Am. E., that there analogy between the 
rock-fill dam, proposed Mr. Rue, and natural landslip, which, 1893, 
dammed the Birahi-Ganga, India, and formed Gonha Lake. may seem 
strange compare the dam, which proposed built blasting rock from 
solid canyon pile rock formed natural landslip. The analogy, 
however, appears most appropriate and highly impressive learns, from 


the references pointed out Mr. Muckleston, the following details para- 
mount importance: 


Brooklyn, 
Received the Secretary, October 31st, 1922. 
Proceedings, Am. Soc. E., September, 1922, 1607. 
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i—That the Birahi-Ganga landslip consisted enormous lime- 
stone and Dolomite rocks, mixed with detritus and covered with “thick layer 
white impalpable powder.” 
the rocks sheared off from steep hill and height 
ft. above the bed the stream. 
the dam thus formed stood for about year until was 
overtopped.* 
seems sufficient mechanical similarity between slides this 
type and the new method dam construction suggested Mr. Rue, 
justify further reports and studies dams formed natural landslips. 
The writer can cite similar occurrence, much smaller scale, which 
took place the Jordan River, Palestine, December 8th, 1267. Accord- 
ing Arab hill the west bank, near Damiah, fell into the 
river and kept completely dammed for sixteen hours. The Jordan was 
full flood the time. From direct knowledge the river, the writer would 
think that the river may have carried from sec-ft. The natural 
dam must have been composed alluvial and diluvial earths. 


Journal, Soc. March 27th, 1896. 
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will reproduced the volumes Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


SOLOMON FEVRE Am. Soc. E.* 


19TH, 1922. 


Solomon Fevre Deyo, the son Jonathan Nathaniel and Maria Fevre 
Deyo, was born Gardner, Y., December 17th, entered Union 
College Schenectady, Y., and was graduated the Class 

1870-71, Mr. Deyo was Instrumentman the survey the Town of. 
Morrisania, Y., under the supervision Gen. George Greene. 1871, 
entered the employ the New York, New Haven and Hartford Railroad 
Company the location the Harlem River Branch, from Harlem River 
New Rochelle, Y., and, later, was Resident Engineer the construction 
that road. 1873, entered the employ the New York and Harlem Rail- 
road Company, Resident Engineer the Fourth Avenue Improvement 
New York City. this position, had charge the section from Forty- 
seventh Street Seventy-ninth Street, which work included the 
grade crossings and the construction four tracks. continued this 
work until its 1876. 

From 1876 1881, Mr. Deyo was Superintendent the American Metaline 
Company, New York City; from 1881 1883, Division Engineer surveys 
with the South Pennsylvania Railroad Company; and from 1883 1885, Con- 
struction Engineer with the same Company. During 1886, served Prin- 
cipal Assistant Engineer the Buffalo and Geneva Railroad, and, later, 
Assistant Engineer with the Lehigh Valley Railroad Company. 

1887, was engaged railroad reconnaissance Northern Alabama 
for the Pioneer Mining and Manufacturing Company, and, later, the 
year, was employed the New York, New Haven and Hartford Railroad 
Company, Assistant Engineer charge general work. continued 
this capacity until 1890, when was appointed Assistant Engineer charge 
the Western District the same resigning March, 1900. 

During the latter part his service with the New York, New Haven, and 
Hartford Railroad Company, Mr. Deyo had supervision more particularly over 
the construction additional tracks the Harlem River Branch and the 
construction the terminal yard Oak Point, East River, including bulk- 
head, bridges, and approaches for the purpose cars and from 
the boats. 

March, 1900, Mr. Deyo was Chief Engineer the Rapid 
Transit Subway Construction Company, New York City, which was organized 
Messrs. August Belmont and John McDonald (after the latter had been 
awarded for the construction the first underground rapid 
transit New York City. well known, the problems and dif- 
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ficulties which attended this pioneer line were many, and Mr. Deyo, who 
personally supervised the writing the numerous specifications and agree- 
ments for the sub-contracts for the several sections the work, his tact, 
ability, and foresight, kept the work schedule and frequently acted 
harmonizer between the Rapid Transit Commission, with its demands for 
progress, and the sub-contractors who were doing the work. well did the 
organization function under his direction that the great work was opened 
use October 27th, 1904, just four years and seven months after the 
first official spadeful was turned. January 10th, 1905, banquet was 
tendered Mr. Deyo his employees and co-workers, which approximately 
seventy, including guests, were present, and large silver punch bowl was 


him. 


also held the position Chief Engineer the Subway Division 
the Interborough Rapid Transit Company (the operating company) until 
July 1905. the organization the Interborough-Metropolitan Com- 
pany 1905, Mr. Deyo was appointed Chief Engineer and held this 
position until 1918, when retired from active work. 

was married June 24th, 1882, Harriet Goodrich Brandon, who, 
with daughter, Mrs. Royce Spring, survives him. 

Mr. Deyo was quiet, reserved disposition, always approachable, having 
the confidence all with whom came contact, not only those who worked 
for him, but also those for whom worked. His fair treatment all with 
whom became acquainted was reflected the number his friends. His 
progress life, connection with his professional ability, was because his 
kind and genial manner everybody with whom dealt. 

was member the Engineers’ Club New York City, which had 
joined 1893, continuing his membership during the remainder his life. 
had also been member the Holland Society New York City since 
December 29th, 1892. 

Mr. Deyo was elected Member the American Society Civil Engineers 
June 6th, 1888, and served Director the Society from 1888 1900, 
and Vice-President 1904 and 1905. 


CLEMENT ALEXANDER FINLEY FLAGLER, Am. Soe. E.* 


Diep: May 1922. 


Clement Alexander Finley Flagler was born Augusta, Ga., August 
17th, 1867. was the son the late Brig.-Gen. Flagler, Chief 
Ordnance, Army, and his mother was the daughter Gen. Clement 
Finley, Medical Corps, Army. 

The traditions his family and his inherited soldierly qualities led natur- 
ally his choice the Army profession, and after his graduation from 

Memoir prepared Chester Harding, Brig.-Gen., (Retired), Am. Soc. 
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Griswold College, Iowa, Mr. Flagler entered the United States Military 
Academy June 14th, 1885. responded fully the rigorous train- 
ing that institution and, from the first, beeame prominent and popu- 
lar figure his class reason his exceptional mental ability, com- 
bined with the rare charm his personality. Possessed remark- 
ably fine physique, was leader not only his studies, but 
the military drills and athletic exercises, prescribed and voluntary, that 
formed essential part the West Point training. The horizon the West 
Point cadet has broadened since his day. Then, except for the ten weeks’ 
furlough the end the second year, one never saw beyond the rugged sky- 
line the surrounding hills from the day his admission the Academy 
the day his graduation, four years later. Whatever time was left for amuse- 
ment and recreation from the crowded hours study and duty was utilized, 
all, such diversions the limited facilities the could com- 
mand. Cadet Flagler’s energy, keen sense humor, and originality resource 
made him the leading these enterprises, and contributed the great 
popularity enjoyed among his fellows. The warm and intimate friendships 
which formed West Point continued throughout his life. was grad- 
uated with high honors June 12th, 1889, and, the same date, was 
assigned the Corps Engineers, Army. 

His subsequent career was exceptionally varied and distinguished. After 
the completion the three years’ course technical study the Engineer 
School Application Willets Point, Y., which the Engineer officers 
the Army were assigned immediately after their graduation from West 
Point, Lieut. Flagler was stationed San Francisco, Calif., Assistant 
the late Col. George Mendell, A., Am. Soe. for two years 
(1892-94), after which was returned the Military Academy Instructor 
Civil and Military Engineering. Thence, was sent Fort Monroe, Va., 
for year’s duty, and 1896 Portland, Ore., Assistant the Engineer 
District, with headquarters that place. the outbreak the Spanish 
War, Capt. Flagler was promoted the rank Major and Chief Engineer 
Volunteers, and served the staff Maj.-Gen. Wilson. was 
Porto Rico Picket Officer and Assistant Engineer Officer, 1st 
1st Corps. 

After the Spanish War, was placed charge the Ala., 
Engineer District, for two years, and then was designated Engineer Officer 
the Department Porto Rico and the Department the East. was 
charge the Wilmington, Del., Engineer District 1908, and 
the Nashville and Chattanooga, Tenn., and Mobile, Ala., Districts for various 
periods from July, 1910, July, 1913. While the Wilmington District, 
was member the Chesapeake and Delaware Canal Commission. 

For the year ending May 7th, 1914, Col. Flagler was Student Officer 
the Army War College, Washington, During the disturbances Mexico 
later 1914, served Chief Engineer the staff the late Gen. Funston 
Vera Cruz, and his return from Mexico, was detailed 
the Army War College until June 30th, 1915. 
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the time the entrance the United States into the World War, Col. 
Flagler was charge the Washington, C., Engineer District, including 
the water supply the City Washington, the Key Bridge across the 
Potomac, and the development the Anacostia Flats. August, 1917, how- 
ever, was sent Fort Kans., command the 7th Regi- 
ment Engineers and the Engineer Officers’ Training Camp. December 
17th, 1917, was commissioned Brigadier General, National Army, and was 
placed command the 5th Field Artillery Brigade, which trained 
Leon Springs and Waco, Tex., and which took France May, 1918. 
Gen. Flagler commanded the Brigade the front, the St. Die, St. Mihiel, 
and Woevre Sectors. October 17th, 1918, was promoted the rank 
Major General and served Chief Artillery, Army Corps, the 
Argonne-Meuse drive, from October 15th November 20th, 1918. After the 
Armistice, commanded the 42d (Rainbow) Division the march the 
Rhine, from November December 14th, 1918, when became part 
the Army Occupation, with Gen. Flagler Military Governor Kreiss 
Ahrweiler, which command held until his return the United States 
March, 1919. April 6th, 1919, was relieved the command the 
42d Division, Camp Bowie, Texas, and until April 6th, 1920, was com- 
mand the Camp and Engineer School, Camp His next 
duty. was Honolulu, Hawaii, Department Engineer, Hawaiian Depart- 
ment, Commanding Officer the Engineers, and charge the Hawaiian 
Engineer District. From May 1921, until his death May 1922, 
Gen. Flagler was Md., Division Engineer the Eastern 
Division Fortification and River and Harbor work under the Chief 
Engineers, Army. 

_This record, derived from official sources, active participation the serv- 
ice the Government, during periods peace and war, for the thirty-three 
between. his graduation from the Military Academy and his death, 
emphasizes the confidence placed Gen. Flagler the authorities the 
War Department. was assigned positions high responsibility and 
authority for which his tried abilities had shown him qualified. was 
selection one those whom especial training was given for high com- 
mand time war, and during the two wars that occurred within the 
career, held positions great responsibility with the forces the 
His energy, courage, duty were inspiring all those 
within his influence. Not only the stress battle, the performance 
public duty time peace, but also his intercourse with his fellow 
Gen. Flagler lived the highest ideals honor and duty. The.sense 
devotion duty, regardless personal convenience consequence, was never 
moré highly developed than him, and constituted one his most pro- 
nounced characteristics. was noble example the high type man 
who succeeds because holds himself true his honor, his duty, and his 

Gen. elected Member the American Society Civil Engi- 
neers March 1917. 
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Toragoro Kondo was born Iino, small village the Niigata Prefec- 
ture, Japan, June 1865. His early education was acquired the public 
schools his native Province, where his aptitude for study was generally 
recognized. was this ability that caused him chosen the Govern- 
ment, sent Tokyo, order complete his studies—no small honor 
country schoolboy. After two years keen competition the Yobimon, 
Preparatory School, Mr. Kondo succeeded entering the Imperial University 
Tokyo, from the College Engineering which was graduated with 
honor 1887. 

Immediately after his graduation, Mr. Kondo proceeded with his class- 
mate, Mr. Kobayashi, the United States study the practice engineer- 
ing the office the writer Kansas City, Mo., and was also the 
employ other Western engineers. During that time, obtained much 
valuable experience the design and construction railway and highway 
bridges, water-works, sewerage, and pumping engines. 

Like most Japanese engineers, Mr. Kondo was apt pupil and ‘keen 
observer; consequently, during his two-year sojourn the United States, 
learned far more than most recent American graduates his age would have 
learned twice that time. Not only was exceedingly high order 
intelligence, but also possessed personality that made him popular with 
everybody with whom was was always kind, considerate, just, 
and honorable; and was this combination qualities, much, perhaps, 
his fine technical ability, that enabled him attain the eminent and 
position oceupied the Engineering Profession Japan. 

Chief Engineer the Home Department for quarter 
was charged with the approval all the important engineering works 
undertaken Japan, with the sole exception those relating the railroads. 

his earlier practice, planned and superintended river improvements 
importance; and, 1896, the Ministry Education conferred him the 
honorary degree Kogaku-Hakushi, which corresponds both the French 
degree Docteur Sciences Appliquées and the American degree 
Doctor Engineering. There distinction greater than this 
Japanese Empire; for, like membership the Académie des Sciences 
France, stamps man eminent science, and, addition, indicates 
that successful technician. The selectness this degree most 
jealously safeguarded the Government, and never bestowed for any 
other reason than real worth. order take this degree, Dr. Kondo presented 
elaborate thesis Hydraulics, which field had been studying for 
nearly decade. 

was for years member the Earthquake Committee 
and also the Harbor Commission. every large exposition held Tokyo 
since 1907, had served one the 1915, Dr. Kondo 
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1918 MEMOIR DAVID MERIWETHER, JR. 


chair the Imperial University Tokyo, and after that date, divided 
his time between administrative and academic work. 

brother engineer, who, to-day, stands the head the Profession 
Japan, Hiroi, Am. E., writes, follows: 


“Dr. Kondo, besides being engineer remarkable ability, was man 
the highest integrity. the performance his duties the most important 
one which was the examination plans submitted for approval resident 
well prefectural engineers, and individuals for permits from the 
Ministry, was never influenced either fear His professional 
life was one unswerving rectitude and vigilant discipline. had far 
more lucrative positions offered him from time time various corpora- 
tions and individuals; but faithfully stuck his post until the day his 
death. His fine character and affable nature won for him many friends and 
made him both respected and liked all those with whom came contact. 
young engineers was particularly friendly, and helped many them 
rise the profession.” 


Dr. Kondo was married 1901 Miss Koh Kato, the daughter 
eminent Japanese philosopher and statesman. survived his wife, three 
sons, and daughter. 

Dr. Kondo was elected Junior the American Society Civil Engineers 
October 3d, 1888, and Member June 5th, 1901. 


DAVID MERIWETHER, JR., Am. E.* 


Diep June 1922. 


David Meriwether, Jr., was born Louisville, Ky., February 27th, 1879. 
was graduated from the Rose Polytechnic Institute, the Class 1900. 

Immediately after his graduation, Mr. Meriwether entered the service 
the Pennsylvania Railroad Company, the Engineering Department. 
1901, secured position the Construction Department the Southern 
Railway Company, which position his attention was given location and 
construction work. remained with this Company until March, 1920, dur- 
ing which period rose from the position Instrumentman Assistant 
the Chief Engineer. addition directing construction work many 
miles second track, designed many yard layouts and terminals and some 
the most important concrete structures the Southern Railway. 
March, 1920, Mr. Meriwether entered the service the United States 
Railroad Administration Regional Engineer charge the Allegheny 
Region. this capacity, was called solve some the difficult prob- 
lems resulting from Federal control the task for which was 
eminently fitted his experience and judicial temperament. was engaged 
this work the time his death June 20th, 1922. survived 
widow and two sons. 

Mr. Meriwether was thorough and painstaking engineer. During the 
last twenty years his life, was closely associated with the writer, and his 
sterling integrity endeared him all with whom came contact. 

Mr. Meriwether was elected Member the American Society Civil 
Engineers November 9th, 1920. 
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Tentative Specifications for Concrete and Reinforced Concrete: Submitted Prog- 
ress Report the Joint Committee Standard for Concrete 


Tentative Specifications for Steel Railway Bridges: Submitted Progress Report 
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Progress Report the Special Committee Codify Present Practice the 
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